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ABSTRACT 
Background:  Colorectal cancer poses a significant disease burden worldwide, remaining 

the 2nd cause of cancer related death. The TNM staging system, whilst being constantly 

improved, is limited by its assessment of the tumour alone and not the host. Whereas, as the 

knowledge base grows regarding of the consensus molecular subtypes in colorectal cancer 

and the different microscopic phenotypes that these may produce, further disease biomarkers 

are required that reflect this understanding.  The Glasgow Microenvironment Score (GMS) 

was developed by combining assessment of two phenotypic assessments of the colorectal 

cancer (CRC) microenvironment, both of which have been shown to have independent 

prognostic significance: the immune phenotype (assessed by Klintrup-Mäkinen grade (KM)) 

and the mesenchymal phenotype, assessed by tumour stroma percentage (TSP). However, 

further understanding of the pathological mechanisms underlying these phenotypic features 

is required. 

Methods: The present thesis examines the prognostic utility of the GMS in several Scottish 

cohorts in order to validate the score in independent patient cohorts and also to assess its 

utility in detecting disease recurrence and understand its relevance in the context of current 

chemotherapy. 

Results:  In chapter 3, associations between markers of Epithelial-mesenchymal Transition 

(EMT) and the Glasgow Microenvironment Score were assessed. GMS 0 was associated 

with lower membrane Fascin and also lower membrane and nuclear B-catenin. GMS 1 was 

associated with high cytoplasmic Fascin, whereas GMS 2 was associated with higher nuclear 

B-catenin, a hallmark of EMT. 

In Chapter 4, several cohorts were examined in order to validate the GMS in independent 

cohorts, including the patients from the Scot chemotherapy trial (TransScot cohort). The 

GMS was found to stratify survival in all of these cohorts. Furthermore, GMS 2 was found 

to be a risk factor for poor survival in an otherwise low-risk group.  
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In Chapter 5, the role of GMS in predicting disease recurrence patterns was assessed both 

for CRC as a whole and also in colon and rectal cancer individually. GMS independently 

predicted recurrence at any location for CRC and also for rectal cancers, although in colon 

cancers alone, this was not independent. GMS was also able to predict local recurrence, but 

not independently of T-stage and N-stage. GMS 2 had the highest risk for recurrence and 

therefore enhanced surveillance in this subgroup is recommended. 

Associations between GMS and chemotherapy was assessed in Chapter 6. Standard 

chemotherapy did not appear to be particularly effective against GMS 2 tumours, although 

this data had its limitations and requires to be assessed in other cohorts. In the TransScot 

cohort, survival of patients with GMS 0 was better with FOLFOX compared with CAPOX. 

Finally, in Chapter 7, the role of PDL1 (CD274) in prognosis of colorectal cancer and also 

in terms of response to immunotherapy in current trials. Whilst the expression of CD274 on 

immune cells was associated with good prognosis, expression on tumour tissue was 

equivocal in terms of survival outcomes. There is insufficient evidence regarding CD274 as 

a marker of response to immunotherapy in CRC and this needs to be addressed moving 

forward. 

Conclusions: GMS has been validated in independent patient cohorts and shown to stratify 

survival as in the original cohort. GMS 2 has utility both in identifying patients at high-risk 

of disease recurrence, but also potentially in selecting patients for specific chemotherapy 

regimen. 
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DEFINITIONS/ABBREVIATIONS 
5-FU – 5-fluorouracil 

A2aR – adenosine A2a receptor 

ALDH1 – aldehyde dehydrogenase 1 

APC – Adenomatous Polyposis Coli 

ASA – American Society of Anesthesiologists physical status classification 

AUC – area under the ROC curve 

BMI – body mass index 

BRAF – v-raf murine sarcoma viral oncogene homolog B1 

BSA – bovine serum albumin 

Ca19-9 – cancer antigen 19-9 

CAPOX – chemotherapy regimen of Capecitabine and Oxaliplatin 

CD (as in CD3 or CD274) – cluster of differentiation cell surface protein complex 

CEA – carcinoembryonic antigen 

CI – Confidence interval 

CIMP – CpG Island Methylator Pathway 

CIN – Chromosomal instability 

CLR – Crohn’s-like reaction 

CMS – consensus molecular subtypes 

cMyc – proto-oncogene located on chromosome 8 

Cox-2 – cyclooxygenase-2 enzyme 

CPS – combined positive score 

CRC – Colorectal cancer 

CRIS – colorectal cancer intrinsic subtypes 

CRP – C-reactive Protein 

CSS – Cancer-specific survival 

CTLA-4 – Cytotoxic T lymphocyte-associated antigen (immune checkpoint protein) 

CXCR4/7 - C-X-C chemokine receptor type 4/type 7 

DAB – diaminobenzidine 

DFS – Disease-free survival 

Dmax – maximum tumour diameter 

DPX – Dibutylphthalate Polystyrene Xylene 

DSS – Disease-specific survival 
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ECOG – Eastern Cooperative Oncology Group score for performance status 

EGFR – Epidermal growth factor receptor 

EMT – epithelial-mesenchymal transition 

EMVI – extramural venous invasion 

ERK – extracellular signal-regulated kinase 

FAP – Familial Adenomatous Polyposis syndrome 

FFPE – formalin-fixed paraffin-embedded pathology specimen 

FH – family history 

FOLFOX – chemotherapy regimen of Folinic acid, 5-FU and Oxaliplatin 

FoxP3 – Forkhead box protein P3 

G-A – Graham-Appelman score of CLR 

GI – gastrointestinal tract 

GMS – Glasgow Microenvironment Score 

GPOL – Glasgow Precision Oncology Laboratory 

GRI – Glasgow Royal Infirmary 

GrzB – Granzyme B 

H&E – haematoxylin and eosin staining  

HER2 – human epidermal growth factor receptor 2  

HLA – human leukocyte antigen system 

HMGB1 – High mobility group box 1 protein 

HNPCC – Hereditary non-polyposis colorectal cancer 

HR – Hazard ratio 

I2 – statistical test for heterogeneity of data 

ICC – intraclass correlation coefficient 

IDEA – International Duration Evaluation of Adjuvant Therapy trial 

IDO1 – indoleamine 2,3-dioxygenase 1 

IE – Intraepithelial compartment 

IHC - immunohistochemistry 

IM – Invasive Margin 

imCMS – image-based Consensus Molecular Subtypes 

IQR – interquartile range 

IRORR – immune-related objective response rate 

IT – Intratumoural compartment 
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Ki67 – nuclear marker indicating cell proliferation 

KM – Klintrup-Mäkinen grade 

KRAS – Kirsten rat sarcoma virus gene 

K-Ras – protein encoded by KRAS 

LAG3 – lymphocyte-activation gene 3 

LI – lymphatic invasion 

LINE1 – Long interspersed nuclear element-1 

LMR – lymphocyte-monocyte ratio 

LN – lymph node 

LVI – lymphovascular invasion 

M1/M2 – phenotype of macrophage subtypes 

MAPK – mitogen-activated protein kinase 

MCC – mutated in colorectal cancer 

MDT – multidisciplinary team 

mGPS – modified Glasgow Prognostic Score 

MLH1 – MutL protein homolog 1 

MMR – Mismatch repair (MMR protein coding genes). 

MPE – molecular pathology epidemiology 

MPR – major pathological response 

MSH2 – MutS Homolog 2 (MMR protein coding genes) 

MSI – microsatellite instability 

MSS – microsatellite stable 

MV – multivariate analysis 

N or n – Number 

NI – neural invasion 

NK – natural killer cell 

NLR – neutrophil-lymphocyte ratio 

NPS – neutrophil-platelet score 

NSAIDs – non-steroidal anti-inflammatory drugs 

ORR – Objective Response Rate 

OS – Overall survival 

P or p – p-value 

p27 – tumour suppressor protein 
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p53 – tumour suppressor protein 

pCR – pathological Complete Regression 

PD1 (also PDCD1) – Programmed  cell death protein-1 

PDL1 – Programmed death ligand 1 

PH – proportional hazard 

PI3K – Phosphatidylinositol 3 kinase protein encoded by PIK3CA 

PIK3CA – Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha gene 

PLR – platelet-lymphocyte ratio 

PMS1/2 – PMS homolog 1/2 (MMR protein coding genes) 

R1 – incomplete resection of tumour 

RFA – radiofrequency ablation 

RFS – Relapse-free survival 

RHAMM – Receptor for hyaluronan-mediated motility 

RO (as in CD45RO) – RO isoform of antigen 

ROC – receiver operating characteristic curve 

SCOT – Short Course Oncology Therapy study 

SE – Standard error of the mean 

SemiQ – semiquantitative 

SOX2 – SRY-Box Transcription Factor 2 

SSL – sessile serrated lesion 

ST – stromal compartment 

TGFB – transforming growth factor beta 

TILs – tumour infiltrating lymphocytes 

TMA – tissue microarray 

TNM – Tumour, Node, Metastasis staging system 

TP53 – Gene encoding tumour protein p53 

TransSCOT – translational arm of the SCOT trial 

Treg – regulatory T-cell 

TRG – tumour regression grade 

TSP – Tumour stromal percentage 

TPS – tumour percentage score 

uPA – Urokinase plasminogen activator 

UV – univariate analysis 
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VEGF – vascular endothelial growth factor 

VELIPI – venous/lymphatic/perineural invasion 

VI – venous invasion 

WNT – Wingless/Integrated signal transduction pathway 

X2 – Pearson Chi-squared 

XELOX – another name for CAPOX 

Zeb-1 – Zinc finger-E-box binding homeobox 1 
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SUMMARY 
Colorectal cancer represents a significant risk in terms of both morbidity and mortality on a 

worldwide basis. In spite of improvements in both surgical technique and available 

chemotherapeutic regimens, a significant proportion of patients die within 5 years of 

diagnosis. Current management of colorectal cancer patients relies on the TNM staging 

system. This system is constantly being updated, currently in its 8th rendition. However, 

evidence would suggest that it cannot fully account for mortality even with the addition of 

other clinicopathological high-risk features. The knowledge of different consensus 

molecular subtypes is growing in colorectal cancer and these different subtypes have been 

recognised to bear distinct phenotypes. The Glasgow Microenvironment Score (GMS) was 

developed by combining two phenotypic assessments of the colorectal cancer (CRC) 

microenvironment and may be a useful biomarker in order to bridge the gap between 

molecular subtypes and simple histopathological assessment. GMS combines an assessment 

of the immune phenotype, by Klintrup-Mäkinen grade (KM), and the mesenchymal 

phenotype, by tumour stroma percentage (TSP).  

A meta-analysis of the role of different inflammatory assessments in colorectal cancer 

confirmed that H&E-based assessments can prognosticate survival at least as well as 

immunohistochemical assessments of individual inflammatory cells. 

The GMS was originally performed in a relatively small cohort of 307 stage I-III colorectal 

cancers and was found to stratify survival into 3 distinct survival bands. However, further 

validation is required in independent patient cohorts. 

Furthermore, the link between EMT and TSP is far from clear, as is the role of markers of 

EMT in the immune phenotype. In chapter 3, therefore, the role of markers of EMT was 

assessed with particular regard to associations with GMS phenotypes. This found evidence 

of novel associations of EMT markers with each GMS category, including a lower 
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membrane and nuclear B-catenin in GMS 0, whilst membrane B-catenin was highest in GMS 

2. GMS 1 also had evidence of high cytoplasmic Fascin, the relevance of which is unclear. 

In Chapter 4, the GMS was validated in a number of independent cohorts. Furthermore, 

associations between GMS and subgroups according to nodal status and MMR were 

performed to further assess the utility of GMS in each subgroup. GMS was able to stratify 

survival in all of the cohorts assessed. GMS 2 was found to be a high-risk phenotype in 

disease that would otherwise be classed as low-risk and should be considered for inclusion 

among other high-risk features used in clinical practice. 

Chapter 5 details the assessment of GMS in relation to risk of disease recurrence. GMS 0 

was found to be low-risk for recurrence (but not no risk). GMS 2 had the highest recurrence 

risk and therefore should be considered as a feature that may require more enhanced 

surveillance to detect recurrences early. GMS was an independent risk factor for developing 

recurrence at any location. However, for local disease recurrence, GMS was not independent 

of T-stage or N-stage. 

The relationship between GMS and chemotherapy was assessed in Chapter 6. In the first 

cohort, this analysis was limited by lack of data regarding chemotherapy type and duration. 

However, of those patients who received adjuvant chemotherapy with GMS 2, there did not 

appear to be any significant survival advantage over those who did not. This adds weight to 

the hypothesis that GMS 2 tumours do not respond well to standard chemotherapy regimens. 

A more comprehensive assessment was subsequently performed in the TransScot cohort 

comparing GMS stages with chemotherapy type and duration. GMS 0 was the only category 

in which chemotherapy type made a difference. Those patients with GMS 0, who received 

FOLFOX appeared to have a survival benefit over those who received CAPOX. There was 

no association between GMS and chemotherapy duration in this cohort. 
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Finally, in Chapter 7, the prognostic utility of PDL1 (CD274) in colorectal cancer and also 

the predictive ability of CD274 for response to immunotherapy were assessed in a meta-

analysis of studies and trails to date. CD274 was associated with better outcomes when 

assessed on inflammatory cells, but the results were equivocal in terms of survival when 

assessed on tumour tissue. There is currently insufficient evidence regarding the use of 

CD274 in the assessment of disease response to immunotherapies in colorectal cancer trials 

to date. 
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1. INTRODUCTION 
1.1 COLORECTAL CANCER EPIDEMIOLOGY 

Colorectal cancer (CRC) was the 3rd commonest cancer worldwide in 2020 with 1.9 million 

cases and was the 2nd leading cause of cancer-related mortality, responsible for 916 000 

deaths the same year(World_Health_Organisation). CRC becomes more prevalent with 

advancing age, with 89% of new colorectal cancer cases in the USA in 2017 diagnosed in 

people 50 years old and above. Furthermore, 64% of CRC-related mortality in this same 

population was accounted for in those 65 years and over(Siegel et al., 2017). 

However, age is not the only risk factor for developing colorectal cancer. The are many other 

factors influencing the development of cancer and these can broadly be divided into 

environmental and genetic factors. Several environmental factors are known to increase 

carcinogenesis in general, including smoking, obesity, diet, and more recently the 

microbiome. These factors are believed to combine in a manner that causes oxidative stress 

in the gastrointestinal tract, leading to mutations in the DNA sequences responsible for 

regulating the cell cycle, thereby leading to disordered cell replication and eventually the 

development of cancer(Hamada et al., 2019, Ogino et al., 2018). 

1.2 MANAGING PATIENTS WITH COLORECTAL CANCER 

A diagnosis of colorectal cancer is achieved with tissue sampled from the tumour and 

histologically verified in the histopathology laboratory(Glynne-Jones et al., 2017). This 

tissue is usually obtained at colonoscopy prior to further treatment, but in some cases, if 

presenting as an emergency, the diagnosis is made by surgical resection of the cancer and 

subsequent verification in the laboratory(Teixeira et al., 2015). 

Colorectal cancers that present as emergencies tend to have worse survival outcomes, 

generally as a result of more advanced stage disease(Teixeira et al., 2015), since those with 

earlier stage disease will have a greater chance at cure and therefore have better 5-year 

survival rates compared with later stage disease (5-year survival is 90% for stage I, vs 80% 
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for stage II, 70% for stage III, 40% for stage IV with a solitary resected liver 

metastasis(Morris et al., 2010) and 10% for widespread disease)(Cancer_Research_UK, 

2020). The bowel-screening programme in the United Kingdom has seen a significant 

improvement in detection of CRC at an earlier stage with fewer patients presenting as an 

emergency(Mansouri et al., 2015). 

The mainstay of management of colorectal cancer remains primary surgical resection, with 

consideration of other treatment modalities as adjuncts to surgery. The exceptions to this are 

those patients who are not able to have resection due to high disease burden with widespread 

(and therefore palliative) disease, those patients with rectal tumours who either have disease 

which threatens the circumferential resection margin and require neo-adjuvant 

chemoradiotherapy in the first instance, and those who, having undergone neo-adjuvant 

treatment for rectal cancer with complete pathological response (around 20%), are then able 

to enter a protocolled Watch and Wait regimen(De Rosa et al., 2015, Glynne-Jones et al., 

2017). In addition, there are many trials ongoing studying the use of immunotherapy as a 

neo-adjuvant treatment in conjunction with other treatments and modalities both in the 

context of colon and rectal cancer(Alexander et al., 2021). 

In the UK, treatment of colorectal cancer is agreed in a multi-disciplinary team meeting 

(MDT) comprising surgeons, oncologists, radiologists, pathologists and colorectal specialist 

nurses. Cases are discussed with the results of both radiological and pathological 

investigations and a plan agreed after discussion and consensus. The main deciding factor in 

the MDT is the TNM staging system, currently in its 8th edition(Loughrey et al.), with 

additional clinicopathological features such as venous invasion, tumour perforation, 

involved resection margins (R1 resection) or low lymph node sample (<10-12). The 

clinicopathological features just described as adjuncts to the TNM system were combined 

into a score by the Gloucester Colorectal Cancer study(Petersen et al., 2002) and, although 

not referred to by name in most MDTs, the Petersen Index’s component parts remain 
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important as high-risk features in decisions regarding the need for adjuvant chemotherapy. 

Furthermore, genetic factors, such as MSI, KRAS, and BRAF are becoming increasingly 

important in management planning, since they indicate which chemotherapeutic regimens 

the tumour is likely to respond to. 

There have been many advances in the underlying pathophysiology of the disease process in 

recent years and these changes have led to the 8th rendition of the TNM(Loughrey et al.). 

Yet there remain significant discrepancies in outcomes of patients within the same TNM 

stage. A recent large cross-sectional study assessing the relative impact of TNM on survival 

among 3 cohorts of clinical trial patients found that there was considerable variability in 

survival that was unexplained by TNM alone. Furthermore, this was only modestly improved 

following the addition of other clinicopathological features such as venous invasion and 

mutational status(Dienstmann et al., 2017). 

1.3 GENETIC MUTATIONS IN COLORECTAL CANCER 

In addition to environmental factors, there are now many genetic mutations that are known 

to play a role in the development of colorectal cancer. These may be sub-divided into 

hereditary or sporadic mutations. The former include familial adenomatous polyposis (FAP, 

linked with mutations in chromosome 5q21 MCC and APC (Adenomatous Polyposis Coli) 

genes(Nishisho et al., 1991)), lynch syndrome (formerly hereditary non-polyposis colon 

cancer (HNPCC), but known to affect extra-colonic organs also), in addition to other 

inherited colorectal polyp syndromes such as Peutz-Jeghers syndrome and familial juvenile 

polyposis syndrome. Lynch syndrome is characterised by inherited mutations in the DNA 

mismatch repair genes MSH2, MLH1, PMS1 and PMS2(Lynch et al., 1997). Since the DNA 

mismatch repair genes are mutated, they are unable to detect the insertion of repeating DNA 

sequences (microsatellites) in several genes, hence the term Microsatellite Instability used 

to describe these tumours(Lynch et al., 1997).  
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Sporadic mutations responsible for colorectal cancer can occur in the same genes that are 

responsible for hereditary colorectal cancer. In addition to those already mentioned, other 

common genes and genetic pathways commonly altered in colorectal cancer include the 

following cell cycle genes: K-RAS is an oncogene and mutation typically results in a reduced 

ability for the KRAS protein to switch between active and inactive states resulting in an 

increased rate of mitosis(Liu et al., 2011), whereas the TP53 gene is a tumour suppressor 

gene responsible for arresting the cell cycle if abnormalities are identified and inducing cell 

senescence or apoptosis. Mutations in this gene therefore lead to failure to detect and 

terminate defective tumour cells(Mantovani et al., 2019). Activation of the ERK MAPK 

cascade by oncogenes, for example upregulation of EGFR expression, or mutational 

activation of BRAF and KRAS genes, is responsible for a significant proportion of 

spontaneous colorectal cancer(Roberts and Der, 2007). Mutations in the BRAF gene (V600E) 

are also known to cause MSI, but in sporadic cancers, rather than hereditary(Boland and 

Goel, 2010). 

Generally speaking, there are three broad genetic pathways referred to in colorectal 

carcinogenesis: the Chromosomal Instability pathway (CIN); the Microsatellite Instability 

pathway (MSI) and the Serrated pathway (also known as the CpG Island Methylation 

Pathway, CIMP pathway)(Mundade et al., 2014). 

1.3.1 Chromosomal Instability Pathway 

The chromosomal instability pathway is so called because it results from abnormal numbers 

of chromosomes, known as aneuploidy. This pathway is reported to make up around 80% of 

colorectal cancers. First proposed by Fearon and Vogelstein in 1990(Fearon and Vogelstein, 

1990), a stepwise pattern of mutations results in a gathering number of mutations in the cell 

cycle. By the sequential acquisition of chromosomal abnormalities, Fearon and Vogelstein 

described the progression from normal mucosa to adenomata and subsequently, over time, 

to carcinomata. The process begins with loss of tumour suppressor gene APC. Following 
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this, mutational activation of proto-oncogenes, such as KRAS and c-Myc, leads to adenoma 

formation and thereafter, further mutational inactivation of tumour suppressor genes, for 

example TP53 and the long arm of chromosome 18, result in carcinomatous 

transformation(Vogelstein and Kinzler, 1993). One study found that the number of major 

chromosomal mutations averaged around 17 per tumour(Leary et al., 2008). 

1.3.2 Microsatellite Instability Pathway 

Microsatellite instability (MSI) accounts for around 15% of all colorectal cancers, although 

around 3% are hereditary(Jenkins et al., 2007). The microsatellite instability phenotype 

describes the inactivation of mismatch repair genes encoding the proteins MSH2, MLH1, 

PMS1 and PMS2(Lynch et al., 1997). When testing was first introduced for MSI, it was 

purely based on genetic assessment which was expensive. High density of tumour infiltrating 

lymphocytes was one of the markers used in the screening process to select patients for 

testing(Jenkins et al., 2007), since MSI cancers were known to be immunogenic(Phillips et 

al., 2004, Maby et al., 2015, Dolcetti et al., 1999) – a feature of MSI tumours that has 

subsequently been attributed to high neo-antigen load(Wagner et al., 2018). With the advent 

of immunohistochemical assessment for loss of DNA-mismatch repair proteins, it has 

become more economical to assess for the presence of MSI in all colorectal tumours to guide 

adjuvant therapy(Kawakami et al., 2015). 

Colorectal cancers arising from the MSI pathway have been found to be predominantly 

located within the proximal colon, characterised by a high lymphocytic infiltrate, less likely 

to metastasize and generally have a better prognosis than MSI low or microsatellite stable 

(MSS) colorectal cancers(Kloor et al., 2014). 

1.3.3 Serrated Pathway 

The serrated pathway, so called due to the colonoscopic appearance of these cancers and 

their precursors, is a relatively recently acknowledged phenomenon. However, serrated 
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carcinomas were first described in 1992 by Jass and Smith(Jass and Smith, 1992). These 

make up 15-30% of colorectal cancers with overlapping features of both the CIN pathway 

and the MSI pathway(Satorres et al., 2021). The molecular mechanisms underlying the 

serrated pathway include the CpG Island Methylation Pathway (CIMP), BRAF, MSI and the 

mitogen-activated protein Kinase (MAPK) pathway(Satorres et al., 2021, Tornillo et al., 

2021). 

The precursors to these lesions are hyperplastic polyps, which have been found to have a 

high rate of BRAF mutation. These may progress, through a series of methylations, mostly 

due to CpG Island Methylation Pathway (CIMP) to: Sessile Serrated Lesions (SSLs), with 

or without dysplasia, if BRAF is the predominant mutation; or tubular serrated adenomata, 

if KRAS is the predominant mutation(Satorres et al., 2021).  

Whilst the presence of BRAF and CIMP are hallmarks of SSLs, the presence of MSI is a 

late development and once MSI and dysplasia are present, progression to a serrated pathway 

colorectal cancer is believed to take place relatively rapidly(Satorres et al., 2021). 

1.4 CONSENSUS MOLECULAR SUBTYPES 

In some cancers, such as breast, it has been possible to categorise different tumours 

according to mutational status (for example by the presence or absence of the oestrogen 

receptor, progesterone receptor or Her-2 receptor), which also aids the selection of adjuvant 

therapy required(Cortés et al., 2011). In CRC, however, there are not such clear-cut 

mutational distinctions, but rather a plethora of genetic mutations and drivers involved in 

carcinogenesis with significant overlap between the agreed pathways of cancer development. 

An attempt was made to group colorectal cancers into categories according to mutational 

status in 2015, known as the Consensus Molecular Subtypes (CMS)(Guinney et al., 2015b). 

These were designated group numbers 1-4: CMS 1 represents an inflammatory cell-rich 

microenvironment and encompasses “hypermutated” tumours, including those with MSI, 
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CIMP etc; CMS 2 represents the canonical subtype, with chromosomal instability and 

activation of WNT and MYC signalling pathways; CMS 3 was named the metabolic subtype 

with evidence of “metabolic dysregulation”; and CMS 4 represents the mesenchymal 

subtype, with tumours in this category rich in stroma and high tumour budding(Guinney et 

al., 2015b). 

However, attempting to fit patients into a specific CMS based purely on mutational data is 

not possible as the original CMS study found. Some of the individuals with MSI, CIMP, 

BRAF and known to be hypermutated were designated CMS 2-4 and there were many with 

TP53, KRAS and APC mutations that were designated CMS 1. Furthermore, there were 10-

15% of colorectal cancers that could not be assigned to a specific CMS subtype. However, 

MSI, CIMP and BRAF were significantly higher in CMS 1(Guinney et al., 2015b). 

In a study of the associations between KRAS and CMS, Lal et al. found that there was 

suppression of inflammatory pathways in CMS 2, CMS 3 and KRAS mutant tumours (Lal 

et al., 2018). Becht et al. also found that immune and inflammatory signatures, while being 

prominent in CMS 1, were suppressed in CMS 2 and 3(Becht et al., 2016). 

Arguably, all of these assessments stage the tumour itself, rather than the interaction between 

tumour and host. This has been identified as a shortfall of published literature in the past and 

several phenotypic assessments of the tumour microenvironment have been developed to 

combat this(Park et al., 2016b, Park et al., 2016a). 

There are also phenotypic differences that might be utilised to define the different CMS 

categories. CMS 1 has been denoted the Immune subtype and will therefore have higher 

immune scores than the other subtypes. Whereas, CMS 4 has been denoted the Mesenchymal 

subtype and therefore histological features of mesenchymal tumours, such as tumour stroma 

or tumour budding could identify this subtype(Becht et al., 2016). Furthermore, CMS 

classifications have been shown to predict response to chemotherapy(Testa et al., 2020). 
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The two colorectal cancer phenotypes that lend themselves most readily to assessment are 

the immune phenotype, corresponding with CMS 1 and the mesenchymal phenotype, 

corresponding to CMS 4. 

However, there is no consensus currently on the optimal means of assessing the immune 

phenotype. This was the conclusion of the International Immuno-Oncology Biomarkers 

Working Group(Hendry et al., 2017) regarding the inflammatory response in CRC and it is 

likely to be a significant factor in the lack of progress in clinical practice in this field in the 

last decade. In the latest edition of the CRC reporting dataset in the UK (TNM 8), assessment 

of the local inflammatory response remains only an optional item(Loughrey et al.). There 

are some who are calling for the addition of an immune category into the TNM system(Pagès 

et al., 2018, Galon et al., 2014). 

Therefore, a systematic review and meta-analysis was performed with the aim of identifying 

the optimal method of scoring the inflammatory infiltrate in the colorectal cancer tumour 

microenvironment(Alexander et al., 2020b). 

1.5 OPTIMUM INFLAMMATORY CELL SCORING METHODOLOGY 

One area of discord among experts in the field is whether assessment using standard H&E-

stained slides is sufficient to assess the response or whether immunohistochemistry may lend 

a superior prognostic capability and, if so, which inflammatory cell markers should be 

assessed. A further contentious area is whether the specific tumour compartment in which 

there is a higher inflammatory cell density has a greater prognostic role: at the invasive 

margin, within the tumour stroma or within the cancer cell nests. There are those who 

advocate that assessment of intratumoural lymphocytes may give superior prognostic 

data(Galon and Bruni, 2019). Others still have suggested the tumour may, in some instances, 

employ immune escape mechanisms in order to evade the host’s immune system. This may 

take the form of a physical barrier that has been described as a “basement membrane-like” 
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structure(Menon et al., 2004), or it may manifest in the expression on tumour cells the 

Programmed Cell Death Ligand 1 (CD274)(Rosenbaum et al., 2016). 

Therefore, it was important to establish whether or not an assessment of intratumoural 

inflammatory cells was required in order to accurately assess prognosis or whether an 

assessment of inflammatory cells at the invasive margin of the tumour would suffice. 

Furthermore, one of the confounding factors in many studies is the assessment or lack, 

thereof, of the presence or absence of MSI. MSI tumours are known to be 

immunogenic(Maby et al., 2015) due to a high neo-antigen load(Wagner et al., 2018). 

Therefore, the presence of MSI, with its associated immunogenicity may confound 

prognostic results since MSI itself is considered largely indicative of good prognosis. 

1.5.1 Specific Methods 

1.5.1.1 Search Strategy 

The following search terms were entered into PubMed, Ovid, MEDLINE and EMBASE 

databases: 

• “colorectal cancer” or “colon cancer” or “rectal cancer” (Abstract) AND 

• “prognos$” or “survival” AND 

• “immunohistochemistry” (any field) AND 

• “KM” or “Klintrup-Mäkinen” or 

“CLR” or “Crohn’s-like 

reaction” or 

“peritumo$ inflamm$” 

(Abstract) 

OR • “Cytotoxic” or “CD8” or “CD3” 

or “CD4” or “T-cell” or “Tcell” 

or “lymphocyte” or 

“macrophage” or “CD68” or 

“CD163” or “natural killer” or 

“CD56” or “CD57” or 

“CD45RO” or “FoxP3” or “Treg” 

or “T-reg” or “CD20” or 

“tumo$ infiltrating lymphocytes” 

or “TILS” (Abstract) 
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The search was limited to English language articles, published after 1997 and human 

studies. Search was performed by PGA and all primary studies were identified via 

abstracts +- review of the main article for data extraction. A search was also made of the 

reference sections of the articles identified to assess if any studies had been overlooked 

in the literature search. Inclusion criteria: prospective or retrospective design, but a well-

defined study population; primary cancer resections for colon, rectal or colorectal cancer; 

use of FFPE slides and either standard H&E-staining or IHC staining for specific 

inflammatory cell markers; clear description in the methods of the specimen, antibodies 

and counting method/tumour compartment employed; description of groups assessed 

and thresholds employed; statistical analysis method; and, in the case of meta-analysis, 

inclusion of a proportional hazards model with details of any adjustment methods. Any 

contentious articles were discussed with DCM or JHP to agree those for inclusion. 

1.5.1.2 Data Extraction 

Generic data on the year of study and clinicopathological data on the individual patient 

population(s) were extracted. Further important data extracted included type of specimen 

studied, whether tissue microarray (TMA, and size of core, if given) or full resection 

specimen, method of inflammatory infiltrate assessment, which immunohistochemical stain 

was used (if any), MSI status of tumours and treatment of this in the statistical analysis, 

which survival outcome was used (cancer-specific, overall, disease-free, etc.) and Hazard 

ratios/p-values if provided. All relevant studies were included in literature review, but only 

studies that performed multivariate analysis with hazard ratios were included in meta-

analysis. Figure 1.1 shows the flow diagram of studies used in systematic review and meta-

analysis. 
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Figure 1.1. Flow diagram indicating reasons for excluding studies from systematic review 

and meta-analysis 
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1.5.1.3 Statistical analysis 

For all inflammatory assessments, studies were grouped according to tumour location i.e., 

colon, rectal or colorectal. Further, studies were collated according to the specific method of 

survival analysis: disease-free survival (DFS) was defined as the length of time between 

diagnosis and recurrence or spread of disease (“recurrence-free survival” and “progression-

free survival” were also grouped under this heading); overall survival (OS) was defined as 

the length of time between diagnosis and death from any cause; disease-specific survival 

(DSS) was defined as the length of time between diagnosis and death from CRC-related 

cause (“cancer-specific survival” was also included under this heading). Furthermore, the 

individual location of inflammatory cells assessed was treated in the following way: since 

one of the main questions was whether “intratumoural” (IT) inflammatory cell assessment 

was superior to assessment at the “invasive margin” (IM), studies assessing inflammatory 

cell populations in either the “intra-epithelial compartment” (IE) or within the tumour stroma 

(ST) were group together as IT and compared against those at the IM. Of course, for those 

studies using an “immunoscore-type” method, assessing both IM and IT compartments and 

forming a combined score, these were included with the IT studies. Studies of small sample 

size (n<100) were excluded from meta-analysis due to potential for bias. REVMAN (version 

5.3) software was used for meta-analysis. Funnel plots were used to assess the potential for 

publication bias, while forest plots and I2 values were used to assess inter-study 

heterogeneity. Multiple studies in the same category are presented with a fixed effects 

summary HR and 95% CI, whereas in the event of only a single study being included in a 

particular category, the HR and 95% CI are given for that study. Confidence intervals were 

considered not significant where they crossed 1.0. 
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1.5.2 Overview of Studies 

1.5.2.1 Search results and exclusions 

The initial literature search (see Figure 1.1) yielded 1064 titles, of which 243 were duplicates, 

74 were non-human, 16 non-English language and 273 were conference abstracts only. 

Abstracts were viewed for the remaining 458 studies after exclusions. A further 306 were 

found not to meet inclusion criteria and there remained 152 studies for which full texts were 

scrutinized. Of these 12 were excluded for insufficient detail, insufficient statistical analysis 

or replication of results, leaving 140 studies for the systematic literature review (see Table 

1.1 and Appendix 1 for tables representing these studies).  



43 
 

Table 1.1. Summary table of studies included in literature review reporting survival 

outcomes based on peritumoural inflammatory infiltrate and inflammatory cell subtypes  

Measurement of local 
inflammatory response 

Total 
number 
of 
studiesa 

Studies 
reporting 
significant 
positive 
associationa 

(%) 

Studies 
reporting 
significant 
negative 
associationa 

(%) 

Studies 
reporting no 
survival 
associationa 

Inflammatory infiltrate on 
H&E 

    

Klintrup-Mäkinen/Jass 18 14     (78)  4   (22) 
CLR 14 13     (93)  1    (7) 
TILs (H&E) 9 8       (89)  1   (11) 
Combined assessment 2 2      (100)  0 
Any H&E method 32 30     (94)  2    (6) 
     
T-lymphocyte subsets     
CD3 (generic T-cell) 34 24     (71)  10 (29) 
CD8 (cytotoxic T-cell) 62 46     (74)  16 (26) 
CD4 (helper T-cell) 15 6       (40)  9   (60) 
CD45RO (memory T-cell) 15 12     (80)  3   (20) 
FoxP3 (regulatory T-cell) 34 21b   (62) 2b     (6) 12 (35) 
Combined T-cells 86 67b   (78) 2b     (2) 18 (21) 
     
Immunoscore 14 13     (93)  1    (7) 
     
B-lymphocytes (CD20) 6 5       (83)  1   (17) 
     
Natural killer cells (CD56, 
CD57) 

6 5       (93)  1    (7) 

     
Macrophages (CD68, 
CD163, CD206) 

    

CD68 17 10     (59) 1     (6) 6   (45) 
CD163 7 2       (29) 3    (43) 2   (28) 
CD206 1 0 1   (100) 0 
Combined macrophages 22 12     (55) 5    (23) 5   (22) 
     
Total 140 119c  (85) 7c    (5) 16 (11) 

anumbers in columns will not add up as many studies looked at more than one marker   
bone study both positive and negative   
ctwo studies reported both positive and negative findings 
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For the meta-analysis, a further 73 studies were excluded for the following reasons: lack of 

hazard ratios (n=45); no multivariate analysis (n=4); only stage IV disease (n=9); no defined 

follow up period (n=1); alternative tumour region (n=1); or small sample size, <100 (n=13). 

This left 67 studies, a summary of which is presented in Table 1.2. A bias assessment was 

also performed and is shown in Table 1.3. Only one included study had a moderate risk of 

bias and the remaining studies were of low-risk. 

1.5.2.2 Study characteristics 

In terms of the specimens used in those studies included in the meta-analysis, 35 used whole 

resection specimens, 29 used TMAs and 3 used a combination of TMAs, whole sections and 

biopsies. TMA core sizes ranged from 0.6mm to 3mm. Twenty-one studies employed 

automated cell counts, whilst 46 used a manual method of cell counting. Blinding was only 

explicitly stated for 27 studies, whereas sample sizes ranged from 103 up to 2681 

patients/tumours. Most studies (n=51) had less than 500 tumours and the median study size 

was 285 (IQR 160 – 478). The presence of MSI was assessed in 69% of studies, although 

only 74% of those assessing MSI included it in multivariate analysis. More than 45 

adjustment variables were employed in multivariate analyses. The most common of these 

was age (n=45), with gender and tumour grade being the next commonest (n= 37 and 35 

respectively). Other commonly used variables included N-stage, TNM, T-stage, MSI, 

tumour site, lympho-vascular/perineural invasion and other inflammatory assessments. 

From the outset, it is important to note that the presence of MSI was handled poorly in many 

studies, but that even where MSI was included in survival analysis, it was often found to 

have no prognostic value. Furthermore, the inflammatory response often had prognostic 

value that was independent of the presence of MSI. 
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Table 1.2. Summary of studies included in meta-analysis, cell markers assessed and methodology 

First author, year (ref) Colon (C) 
Rectal (R) 
Colorectal 

(CR) 

Section 
assessed 

Counting site Threshol
d 

Marker 
assessed 

Anti-body Blind
-ing 

Adjustment variables Stud
y size 

Surv-
ival  

Alderdice 
2017(Alderdice et 
al., 2017) 

R TMA 1mm IT (combined) Arbitrary CD56 Novocastra NA Age, sex, TNM, EMVI, TRG 149 OS 

Algars 2012(Algars et 
al., 2012) 

CR TMA 1.2mm IT (ST) Arbitrary CD68 Abcam Y Stage, sex, Inflammatory cell 
markers 

159 DSS 

Bae 2011(Bae et al., 
2011) 

CR TMA 2mm 
and Whole 

IM & IT (IE) Unclear CLR 
CD8  

 
Dako 

NA Age, stage, grade, 
CLR/KM/CD8TILs, Chemo 

169 OS 

Baker 2007(Baker et 
al., 2007) 

CR TMA 0.6mm IT (IE) ROC CD8 Dako NA EMT markers (3), TGFB (2), 
Ki67, MSI 

150 DSS 

Berntsson 
2016(Berntsson et 
al., 2016) 

CR TMA 1mm IT (combined) ROC CD20 Ventana NA Age, sex, T-stage, N-stage, M-
stage, grade, VI 

542 OS 

Berntsson 
2017(Berntsson et 
al., 2017) 

CR TMA 1mm IT (combined) ROC CD3 
CD8 
FoxP3 

Ventana 
Dako 
Abcam 

NA Age, sex, T-stage, N-stage, M-
stage, grade, VI 

541 OS 

Buckowitz 
2005(Buckowitz et 
al., 2005) 

CR Whole IM SemiQ CLR  Y Age, stage, MSI, adjuvant chemo 118 DFS 
OS 

Chen 2016(Chen et 
al., 2016) 

CR TMA 1mm IT (combined) ROC  CD3  
CD8  
CD4  
CD45RO 
FoxP3 
CD20 
CD57 
CD68 

ZSGB-BIO 
ZSGB-BIO 
ZSGB-BIO 
ZSGB-BIO 
ZSGB-BIO 
ZSGB-BIO 
ZSGB-BIO 
Thermo 

NA Age, sex, tumour size, stage, 
inflammatory cells 

300 DFS 
OS 
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Chen 2019b(Chen et 
al., 2019b) 

R TMA 2mm 
and Biopsy 

IT (ST) SemiQ CD8 Abcam Y Age, N-stage, clinical response, 
TRG, PDL1 

112 DFS 
OS 

Chiba 2004(Chiba et 
al., 2004) 

CR Whole IT (IE) Median CD8 Dako NA N-stage, M-stage, invasive 
pattern, age, site, sex, MSI, grade 

371 DSS 

Climent 2019(Climent 
et al., 2019) 

CR Whole IM SemiQ KM 
TILs 

 NA Age, sex, TNM, tumour site, 
NLR, LMR 

173 DFS 
OS 

Dahlin 2011(Dahlin 
et al., 2011) 

CR Whole IM + IT SemiQ CD3 Dako NA Age, sex, tumour site, stage, 
adjuvant 

308 DSS 

Deschoolmeester 
2010(Deschoolmeest
er et al., 2010) 

CR Whole IM & 
IT (IE & ST) 

Arbitrary CD3 
CD8 

Neomarkers 
Novocastra 

NA Age, sex, stage, location, grade, 
adjuvant, other inflammatory 
cells/compartments 

215 DFS 
OS 

Edin 2012(Edin et 
al., 2012) 

CR Whole IM SemiQ CD163 Novocastra NA Gender, age, tumour location 368 DSS 

Eriksen 2018(Eriksen 
et al., 2018) 

CR Whole IT (combined) Arbitrary CD3 
CD8 

Dako 
Dako 

NA Age, sex, T-stage, N-stage, LN 
count, location, grade, perf, MSI, 
LI, NI 

573 DFS 
OS 

Galon 2006(Galon et 
al., 2006) 

CR TMA 0.6 and 
1mm 

Immunoscore ROC  CD3 Neomarkers Y T-stage, diff, N-stage 249 DFS 
OS 

Guidoboni 
2001(Guidoboni et 
al., 2001) 

C Whole IT (IE) Median CD3 
CD8 

Dako 
Dako 

NA Age, sex, TNM, MSI 109 DFS 
OS 

Gulubova 
2013(Gulubova et 
al., 2013) 

CR Whole IM &  
IT (ST) 

Arbitrary CD68 Dako NA Age, T-stage, N-stage, M-stage, 
TNM, grade, KM, VELIPI 

210 OS 

Hynes 2017(Hynes et 
al., 2017) 

C Whole IM SemiQ KM 
CLR 

 NA Age, sex, adjuvant therapy, TNM, 
year of diagnosis, family history, 
MSI, EMVI, ECOG, grade 

445 DSS 
OS 

Kasajima 
2010(Kasajima et 
al., 2010) 

CR TMA 1.5mm IT (combined) SemiQ CD8 
CD4 

Dako 
Novocastra 

NA Age, stage, N-stage, M-stage, 
grade, another inflammatory cell 

285 OS 



47 
 

Kim 2015a(Kim et 
al., 2015a) 

CR Whole IM Arbitrary CLR  Y Age, stage, grade, CIMP 212 DFS 

Kim 2015b(Kim et 
al., 2015b) 

CR TMA 2mm IM &  
IT (combined) 

Median CD8 
CD45RO 
FoxP3 

Neomarkers 
Neomarkers 
Abcam 

NA TNM, LI, VI, 3 inflammatory cell 
markers 

767 DFS 
OS 

Kim 2018(Kim et al., 
2018) 

CR TMA 2mm IT (IE & ST) Median CD3 
CD8 
CD68 
CD163 

Dako 
Neomarkers 
Dako 
Leica 

NA TNM, LI, VI, NI, inflammatory 
cells/locations (3) 

654 DFS 
OS 

Klintrup 
2005(Klintrup et al., 
2005) 

CR Whole IM SemiQ KM  Y Stage, tumour location, sex 228 DFS 
OS 

Koelzer 2016(Koelzer 
et al., 2016) 

CR TMA 0.6mm IT (IE & ST) Mean CD68 
CD163 

Dako 
Novocastra 

NA T-stage, N-stage, M-stage, 
adjuvant 

201 OS 

Laghi 2009(Laghi et 
al., 2009) 

CR Whole IM ROC CD3 Dako Y Age, sex, MSI, tumour site, T-
stage, N-stage, grade, VI, 
adjuvant 

119 DFS 
DSS 

Lee 2016(Lee et al., 
2016) 

CR Whole IM &  
IT (IE & ST) 

Arbitrary CLR 
TILs 

 NA Age, sex, grade, medullary, 
mucinous, site, T-stage, N-stage, 
TNM, TILs/KM, PD1/PDL1 

391 DFS 

Li 2018a(Li et al., 
2018a) 

CR TMA 1.5mm IT (combined) Mean CD68 Dako NA Age, sex, T-stage, N-stage, 
Grade, site, Diabetic, HTN 

216 OS 

Ling 2014(Ling et al., 
2014) 

CR Whole IM + IT Arbitrary CD8 
FoxP3 

Cell Signal. 
Tc. 
Abcam 

NA Age, sex, stage, site 257 DSS 

Lugli 2009(Lugli et 
al., 2009) 

CR TMA 0.6mm 
and Whole 

IM ROC CD8 Dako NA Age, sex, T-stage, N-stage, grade, 
VI, tumour border 

455 DSS 

Matsutani 
2018(Matsutani et 
al., 2018) 

CR Whole IM &  
IT (IE & ST) 

Median CD8 
CD4 

Dako 
Dako 

Y Age, T-stage, Histology type, LI, 
VI, N-stage, CEA, CA19-9, MSI 

313 DSS 

Miller 2017(Miller et 
al., 2017) 

C TMA 1mm IM &  
IT (IE & ST) 

ROC CD3 
CD8 
FoxP3 

Ventana 
Dako 
Abcam 

Y T-stage, N-stage, grade, 
mucinous, ALDH1, SOX2, 

104 OS 
DSS 
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another inflammatory cell marker 
(CD3/FoxP3) 

Mlecnik 
2011(Mlecnik et al., 
2011) 

CR TMA 0.6 and 
1mm 

Immunoscore ROC IS 
(CD45R
O + 
CD8) 

Neomarkers 
Neomarkers 

Y Sex, T-stage, N-stage, LN count, 
grade, mucinous, perforation, 
obstruction 

341 DFS 
OS 
DSS 

Mori 2015(Mori et 
al., 2015) 

CR Whole IT (IE & ST) Median CD8 
FoxP3 

GeneTex 
Abcam 

NA Age, sex, T-stage, N-stage, grade, 
LI, VI, CEA, CRP, NLR, PLR, 
another inflammatory cell marker 

157 DFS 

Naito 1998(Naito et 
al., 1998) 

CR Whole IM &  
IT (IE & ST) 

SemiQ CD8 Dako NA Stage, KM, invasion pattern, 
histology type 

129 OS 

Nazemalhosseini- 
Majorad 
2019(Nazemalhossei
ni-Mojarad et al., 
2019) 

CR Whole IT (IE & ST) Arbitrary CD8 Dako NA Age, stage, MSI, FH, CD8 
location 

281 OS 

Nielsen 1999(Nielsen 
et al., 1999) 

CR Whole IT (combined) Arbitrary TILs  Y Age, stage, location, other 
inflammatory cells x2 

588 OS 

Nosho 2010(Nosho et 
al., 2010) 

CR TMA 0.6mm IM + IT Arbitrary CD3 
CD8 
CD45RO 
FoxP3 

Dako 
Dako 
Dako 
BioLegend 

NA Age, sex, BMI, FH, year 
diagnosed, tumour location, 
grade, CIMP, MSI, BRAF, 
KRAS, PIK3CA, LINE1, 3 other 
immune markers 

727 OS 
DSS 

Ogino 2009(Ogino et 
al., 2009) 

CR Whole IM & IT (IE) SemiQ KM 
CLR 
TILs 

 Y Age, year of diagnosis, sex, FH, 
tumour location, tumour grade, 
KRAS, BRAF, MSI, LINE1, p53, 
CIMP 

846 DSS 
OS 

Oshikiri 
2006(Oshikiri et al., 
2006) 

CR Whole IT (combined) Unclear 
(likely 
median) 

CD8 Dako Y Age, sex, grade, LI, VI, stage 146 OS 

Pagès 2009(Pagès et 
al., 2009) 

CR TMA 0.6 and 
1mm 

Immunoscore ROC CD8 
CD45RO 

Neomarkers 
Neomarkers 

Y T-stage, perforation 369 DFS 
OS 
DSS 
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Pagès 2018(Pagès et 
al., 2018) 

C Whole Immunoscore Arbitrary IS (CD3 
+ 
CD8) 

Ventana 
Dako 

Y Age, sex, T-stage, N-stage, MSI 2681 DFS 
OS 

Park 2014(Park et 
al., 2014) 

CR Whole IM SemiQ KM  NA Age, sex, adjuvant therapy, 
mGPS, tumour site, T-stage, N-
stage, TSP, tumour necrosis etc 

307 DSS 

Park 2016a(Park et 
al., 2016a) 

CR Whole IM + IT SemiQ IS (CD3 
+ 
CD8) 

Vector 
Dako 

Y MSI, mGPS, NPS, other 
inflammatory cell (2), 

246 DSS 

Prall 2004(Prall et 
al., 2004) 

CR TMA (unclear 
size) 

IT (IE & ST) Arbitrary CD8 Dako NA Stage, adjuvant therapy, MSI 152 DFS 
DSS 

Prizment 
2017(Prizment et al., 
2017) 

CR TMA (unclear 
size) 

IM &  
IT (combined) 

Arbitrary CD8 Dako NA Age, stage, BMI, smoking, grade 565 OS 
DSS 

Reimers 
2014(Reimers et al., 
2014) 

R TMA 1mm IT (combined) Median FoxP3 Abcam 
 

Y TNM, stage, CRM, age, grade, 
adjuvant therapy 

478 DFS 
OS 

Richards 
2014(Richards et al., 
2014) 

CR Whole IM & IT (IE & 
ST) 

SemiQ CD3 
CD8 
CD45RO 
FoxP3 

Vector Labs 
Dako 
Dako 
Abcam 

Y Other lymphocyte subsets, KM 
and immunoscore 

329 DSS 

Ropponen 
1997(Ropponen et 
al., 1997) 

CR Whole IM + IT (ST) Arbitrary TILs  NA Stage, Dmax, Nuclear area, grade 195 DFS 
DSS 

Rosenbaum 
2016(Rosenbaum et 
al., 2016) 

R TMA 2mm IT (IE) SemiQ CD8 Leica Y Age, sex, T-stage, N-stage, PDL1, 
MSI, BRAF, KRAS, medullary 

180 DSS 

Rozek 2016(Rozek et 
al., 2016) 

CR Whole IM & IT (IE) Arbitrary CLR 
TILs 

 Y Age, sex, ethnicity, MSI, stage, 
grade 

2268 OS 
DSS 

Salama 2009(Salama 
et al., 2009) 

CR TMA 1mm IT (IE) Median CD8 
CD45RO 
FoxP3 

Dako 
Dako 
Abcam 

Y Stage, tumour site, grade, VI, LI, 
PI, TILs, MSI, other immune cell 
markers (5) 

967 OS 
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Shibutani 
2017a(Shibutani et 
al., 2017a) 

CR Whole IM Median CD163 Leica Y Age, sex, T-stage, grade, LI, VI, 
N-stage, CEA, CA19-9 

168 DFS 
OS 

Simpson 
2010(Simpson et al., 
2010) 

CR TMA 0.6mm IT (IE & ST) Mean CD3 Neomarkers Y Stage, EMVI 555 DSS 

Sinicrope 
2009(Sinicrope et 
al., 2009) 

C TMA (unclear 
size) 

IT (IE & ST) Arbitrary 
(percentil
e) 

CD3 
FoxP3 

Dako 
Abcam 

NA Age, N-stage, grade, MSI, 
adjuvant 

160 DFS 
OS 

Tachibana 
2005(Tachibana et 
al., 2005) 

CR Whole IT (IE) ROC CD56 
CD57 

Dako 
Dako 

Y Age, sex, site, grade, LI, VI, T-
stage, N-stage, M-stage 

103 DFS 
OS 

Tosolini 2011(Tosolini 
et al., 2011b) 

CR TMA 0.6mm IT (combined) ROC CD8 Neomarkers NA Age, T-stage, N-stage, site, grade, 
mucin, obstruction, perforation 

103 DFS 

Turner 2016(Turner 
et al., 2016) 

C Whole IT (combined) SemiQ TILs   Y NLR, T-stage, LVI, age, ASA, 
MSI 

396 DFS 
OS 

Ueno 2013(Ueno et 
al., 2013) 

CR Whole IM Arbitrary CLR  NA T-stage, N-stage, grade, VI, 
budding 

1354 DSS 

Ueno 2015(Ueno et 
al., 2015) 

CR Whole IM Arbitrary CLR  Y Sex, T-stage, N-stage, tumour 
size, Lymph Node count, 
budding, desmoplastic reaction, 
Site, VI, Adjuvant therapy 

1354 DFS 

Väyrynen 
2012(Väyrynen et 
al., 2012) 

CR Whole IM + IT ROC CD3 Leica Y Age, sex, grade, T-stage, N-stage, 
tumour site, budding 

235 DSS 

Väyrynen 
2014(Väyrynen et 
al., 2014) 

CR Whole IM SemiQ/R
OC for 
CLR 

KM 
CLR 

 NA TNM, grade, tumour location, 
KM or CLR, MMR 

329 DSS 

Väyrynen 
2016(Väyrynen et 
al., 2016) 

CR TMA 3mm IM &  
IT (IE & ST) 

ROC CD3 
CD8 
FoxP3 
CD68 

Novocastra 
Novocastra 
Abcam 
Dako 

Y Age, T-stage, N-stage, tumour 
location, neoadjuvant, M-stage, 
MSI, other inflammatory cell 
markers (2-3) 

147 DFS 
OS 
DSS 
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Wirta 2017(Wirta et 
al., 2017) 

CR TMA 0.6mm Immunoscore ROC IS 
(CD3+ 
CD8) 

Novocastra 
Thermo 

NA Age, sex, stage, PI, LI, MSI, 
BRAF, tumour site 

417 DFS 
OS 
DSS 

Yoon 2012(Yoon et 
al., 2012) 

C TMA (unclear 
size) 

IT (IE & ST) Median CD8 
FoxP3 

Dako 
Abcam and 
Dako 

NA Age, stage, grade, MMR 156 OS 

Zlobec 2008a(Zlobec 
et al., 2008a) 

R TMA 0.6mm IT (combined) ROC CD8 Dako NA T-stage, N-stage, age, RHAMM 458 DSS 

Zlobec 2008b(Zlobec 
et al., 2008b) 

CR TMA 0.6mm IT ROC CD8 Dako NA p27, uPA, tumour classification 587 OS 

  



52 
 

Table 1.3. Assessment of bias for studies included in meta-analysisa. 

First author, year (ref) Population 
well defined 

(selection 
bias) 

Method of 
inflammatory 

assessment 
specified 
(selection 

bias) 

Threshold 
defined 

(selection 
bias) 

Group 
allocation 

defined 
(observer 

bias) 

Blinding 
(observer 

bias) 

Evaluatio
n by >1 

observer 
(observer 

bias) 

Loss to 
follow up 
(attrition 

bias) 

Patient and 
tumour 

characterist
ics 

(reporting 
bias) 

Follow up 
defined/ 
Specified 

(reporting 
bias) 

Risk 
of 

biasa 

Bias 
High/
med/l

ow 

Alderdice 
2017(Alderdice et al., 
2017) 

1 1 1 1 0 1 1 1 1 8 Low 

Algars 2012(Algars et 
al., 2012) 

0 (no dates) 1 1 0 1 1 1 1 1 7 Low 

Bae 2011(Bae et al., 
2011) 

1 1 1 1 0 1 1 1 1 8 Low 

Baker 2007(Baker et al., 
2007) 

1 1 1 1 0 0 1 1 0 6 Low 

Berntsson 
2016(Berntsson et al., 
2016) 

1 1 1 1 0 0 1 1 1 7 Low 

Berntsson 
2017(Berntsson et al., 
2017) 

1 1 1 1 0 0 1 1 1 7 Low 

Buckowitz 
2005(Buckowitz et al., 
2005) 

1 1 1 1 1 1 1 1 1 9 Low 

Chen 2016(Chen et al., 
2016) 

1 1 1 0 0 1 1 1 1 7 Low 

Chen 2019(Chen et al., 
2019b) 

1 1 1 1 1 1 1 1 0 8 Low 
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Chiba 2004(Chiba et al., 
2004) 

0 (no dates) 1 1 1 0 1 1 1 1 7 Low 

Climent 2019(Climent et 
al., 2019) 

1 1 1 1 0 0 1 1 1 8 Low 

Dahlin 2011(Dahlin et 
al., 2011) 

1 1 1 1 0 0 1 1 1 7 Low 

Deschoolmeester 
2010(Deschoolmeester 
et al., 2010) 

1 1 1 1 0 1 1 1 1 8 Low 

Edin 2012(Edin et al., 
2012) 

1 1 1 1 0 0 1 1 0 7 Low 

Eriksen 2018(Eriksen et 
al., 2018) 

1 1 1 1 0 1 1 1 1 8 Low 

Galon 2006(Galon et al., 
2006) 

1 1 1 1 1 1 1 1 1 9 Low 

Guidoboni 
2001(Guidoboni et al., 
2001) 

1 1 1 0 0 0 1 1 1 6 Low 

Gulubova 
2013(Gulubova et al., 
2013) 

1 1 1 1 0 0 1 1 1 7 Low 

Hynes 2017(Hynes et al., 
2017) 

1 1 1 1 0 1 1 1 1 8 Low 

Kasajima 
2010(Kasajima et al., 
2010) 

1 1 1 1 0 0 1 1 1 7 Low 

Kim 2015a(Kim et al., 
2015a) 

1 1 1 1 1 1 1 1 1 9 Low 

Kim 2015b(Kim et al., 
2015b) 

1 1 1 0 0 1 1 1 0 6 Low 
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Kim 2018(Kim et al., 
2018) 

1 1 1 1 0 1 0 1 0 6 Low 

Klintrup 2005(Klintrup 
et al., 2005) 

1 1 1 1 1 1 1 1 1 9 Low 

Koelzer 2016(Koelzer et 
al., 2016) 

1 1 1 1 0 1 0 1 0 6 Low 

Laghi 2009(Laghi et al., 
2009) 

1 1 1 1 1 1 1 1 1 9 Low 

Lee 2016(Lee et al., 
2016) 

0 (no dates) 1 1 1 0 0 0 1 1 6 Low 

Li 2018a(Li et al., 
2018a) 

0 (no dates) 1 0 1 0 1 1 1 1 6 Low 

Ling 2014(Ling et al., 
2014) 

1 1 1 1 0 1 1 1 1 9 Low 

Lugli 2009(Lugli et al., 
2009) 

1 1 1 1 0 0 1 1 1 7 Low 

Matsutani 
2018(Matsutani et al., 
2018) 

1 1 1 1 1 1 1 1 1 9 Low 

Miller 2017(Miller et al., 
2017) 

1 1 1 1 1 0 1 1 1 8 Low 

Mlecnik 2011(Mlecnik et 
al., 2011) 

1 1 1 1 1 1 1 1 0 8 Low 

Mori 2015(Mori et al., 
2015) 

1 1 1 1 0 1 0 1 1 7 Low 

Naito 1998(Naito et al., 
1998) 

1 1 1 1 0 0 0 0 0 4 Mod 

Nazemalhosseini- 1 1 1 1 0 1 1 1 1 8 Low 
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Majorad 
2019(Nazemalhosseini-
Mojarad et al., 2019) 
Nielsen 1999(Nielsen et 
al., 1999) 

1 1 1 1 1 1 1 1 1 9 Low 

Nosho 2010(Nosho et al., 
2010) 

1 1 1 1 0 1 1 1 1 8 Low 

Ogino 2009(Ogino et al., 
2009) 

1 1 1 1 1 1 0 1 0 7 Low 

Oshikiri 2006(Oshikiri 
et al., 2006) 

1 1 1 1 1 1 1 1 1 9 Low 

Pagès 2009(Pagès et al., 
2009) 

1 1 1 1 1 1 1 1 1 9 Low 

Pagès 2018(Pagès et al., 
2018) 

1 1 1 1 1 1 1 1 1 9 Low 

Park 2014(Park et al., 
2014) 

1 1 1 1 0 1 1 1 1 8 Low 

Park 2016a(Park et al., 
2016a) 

1 1 1 1 1 1 1 1 1 9 Low 

Prall 2004(Prall et al., 
2004) 

1 1 1 1 0 0 1 1 1 7 Low 

Prizment 2017(Prizment 
et al., 2017) 

1 1 1 1 0 1 1 1 1 8 Low 

Reimers 2014(Reimers 
et al., 2014) 

1 1 1 1 1 1 1 1 0 8 Low 

Richards 2014(Richards 
et al., 2014) 

1 1 1 1 1 1 1 1 1 9 Low 

Ropponen 
1997(Ropponen et al., 
1997) 

1 1 1 1 0 1 1 1 1 8 Low 
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Rosenbaum 
2016(Rosenbaum et al., 
2016) 

1 1 1 1 1 1 1 1 0 8 Low 

Rozek 2016(Rozek et al., 
2016) 

1 1 1 1 1 0 1 1 0 7 Low 

Salama 2009(Salama et 
al., 2009) 

1 1 1 0 1 1 1 1 1 8 Low 

Shibutani 
2017a(Shibutani et al., 
2017a) 

1 1 1 1 1 1 1 1 0 8 Low 

Simpson 2010(Simpson 
et al., 2010) 

1 1 1 1 1 1 1 1 1 9 Low 

Sinicrope 2009(Sinicrope 
et al., 2009) 

1 1 1 1 0 1 1 1 0 7 Low 

Tachibana 
2005(Tachibana et al., 
2005) 

1 1 1 1 1 1 1 1 1 9 Low 

Tosolini 2011(Tosolini et 
al., 2011b) 

1 1 1 1 0 1 1 1 0 7 Low 

Turner 2016(Turner et 
al., 2016) 

1 1 1 1 1 1 1 1 1 9 Low 

Ueno 2013(Ueno et al., 
2013) 

1 1 1 1 0 0 1 1 1 7 Low 

Ueno 2015(Ueno et al., 
2015) 

1 1 1 1 1 0 1 1 1 8 Low 

Väyrynen 
2012(Väyrynen et al., 
2012) 

1 1 1 0 1 1 1 1 0 7 Low 
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Väyrynen 
2014(Väyrynen et al., 
2014) 

1 1 1 0 0 1 1 1 0 6 Low 

Väyrynen 
2016(Väyrynen et al., 
2016) 

1 1 1 0 1 1 1 1 1 8 Low 

Wirta 2017(Wirta et al., 
2017) 

1 1 1 1 0 1 1 1 1 8 Low 

Yoon 2012(Yoon et al., 
2012) 

1 1 1 1 1 1 1 1 1 9 Low 

Zlobec 2008a(Zlobec et 
al., 2008a) 

1 1 1 1 0 0 1 1 1 7 Low 

Zlobec 2008b(Zlobec et 
al., 2008b) 

1 1 1 0 0 1 1 1 0 6 Low 

 aAssessment of bias table score developed from REMARK guidelines23, total out of 9: scores of 0-3 were considered high-risk for bias; scores of 4 or 5, 
moderate; and scores of 6 and above, low-risk. 
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1.5.3 H&E-Based Scoring of Local Inflammatory Response 

There were 32 studies identified that employed an H&E-based assessment of peritumoural 

inflammation in colorectal cancer. These methods included that described by Jass, Klintrup-

Mäkinen grade (KM), Crohn’s-like reaction (CLR), tumour infiltrating lymphocytes (TILs) 

or a method combining these. Of these, 4 study cohorts overlapped(Bae et al., 2011, Klintrup 

et al., 2005, Richards et al., 2012, Ueno et al., 2015), leaving 28 independent studies and a 

total of 11,423 patients(Menon et al., 2004, Szynglarewicz et al., 2007, Hynes et al., 2017, 

Turner et al., 2016, Harrison et al., 1995, Coca et al., 1997, Nagtegaal et al., 2001, Huh et 

al., 2012, Shibutani et al., 2018, Climent et al., 2019, Cianchi et al., 2002, Gao et al., 2005, 

Ogino et al., 2009, Kasajima et al., 2010, Xie et al., 2018, Chiba et al., 2004, Park et al., 

2014, Väyrynen et al., 2014, Ropponen et al., 1997, Lee et al., 2016, Iseki et al., 2018, 

Nielsen et al., 1999, Rozek et al., 2016, Lang-Schwarz et al., 2018, Buckowitz et al., 2005, 

Kim et al., 2015a, Ueno et al., 2013, Wallace et al., 2018). Of these, only 2 studies did not 

find any significant difference for any H&E-based method(Kasajima et al., 2010, Menon et 

al., 2004), whilst the remaining 26 studies found that a higher local anti-tumour 

inflammatory response was significantly associated with better survival outcome, totalling 

10,887 patients(Szynglarewicz et al., 2007, Hynes et al., 2017, Turner et al., 2016, Harrison 

et al., 1995, Coca et al., 1997, Nagtegaal et al., 2001, Huh et al., 2012, Shibutani et al., 2018, 

Climent et al., 2019, Cianchi et al., 2002, Gao et al., 2005, Ogino et al., 2009, Xie et al., 

2018, Chiba et al., 2004, Park et al., 2014, Väyrynen et al., 2014, Ropponen et al., 1997, Lee 

et al., 2016, Iseki et al., 2018, Nielsen et al., 1999, Rozek et al., 2016, Lang-Schwarz et al., 

2018, Buckowitz et al., 2005, Kim et al., 2015a, Ueno et al., 2013, Wallace et al., 2018).  

1.5.3.1 Jass and Klintrup-Mäkinen grade (KM) 

The Klintrup-Mäkinen grade and Jass scoring systems are related but were developed 

separately. Both assess the quantity of the local inflammatory infiltrate on standard 

Haematoxylin and Eosin (H&E)-stained slides in the context of colorectal cancer. H&E-
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staining forms the basis for all standard pathological slide analysis in clinical 

histopathological practice. Jass et al. first reported the independent prognostic advantage in 

rectal cancer denoted by an increase in peritumoural inflammatory cell infiltrate in 1986(Jass, 

1986). The lymphocytic infiltrate at the tumour’s invasive margin (IM), or “advancing front”, 

was described as pronounced, moderate, little or none. “Pronounced” inflammation at the 

IM might appear as a “cap” or otherwise continuous layer of inflammatory cells, whereas a 

broken or interrupted inflammatory cell layer represented “moderate” inflammation with 

fewer cells present overall. The categories denoted as “little” and “none” were combined 

into one category. This 3-point scale was found to stratify rectal cancer survival into 3 

distinct bands(Jass, 1986). Klintrup, Mäkinen and colleagues(Klintrup et al., 2005) 

developed a similar phenotypic assessment of the local inflammatory infiltrate at the IM in 

2005. Their 4-point scale scored a “cup-like” inflammatory cell infiltrate as 3, a band-like 

infiltrate scored 2, an interrupted band of inflammatory cells scored 1, whilst minimal 

inflammation scored 0. A further assessment of the destruction of cancer cell nests was 

required to score 2 or 3. They subsequently dichotomised the score by combining the upper 

two and the lower 2 categories (i.e., 0 or 1 was low, 2 or 3 was high). These H&E-based 

inflammatory scores have been validated by many other groups (Hynes et al., 2017, 

Szynglarewicz et al., 2007, Coca et al., 1997, Nagtegaal et al., 2001, Shibutani et al., 2018, 

Climent et al., 2019, Gao et al., 2005, Ogino et al., 2009, Xie et al., 2018, Chiba et al., 2004, 

Park et al., 2014, Väyrynen et al., 2014, Huh et al., 2012). 

Given the similarities between the Jass and Klintrup-Mäkinen scores, the papers assessing 

one or the other were combined for the purposes of this systematic review and meta-analysis. 

There were 18 studies assessing peritumoural inflammation with this method, although one 

of these had an overlapping cohort(Klintrup et al., 2005), which left 17 studies assessing 

4904 patients. Of these studies, four found no association with survival(Menon et al., 2004, 

Bae et al., 2011, Cianchi et al., 2002, Kasajima et al., 2010), whilst thirteen studies (4046 



60 
 

patients) found a higher peritumoural inflammatory response to be associated with longer 

survival(Szynglarewicz et al., 2007, Hynes et al., 2017, Coca et al., 1997, Nagtegaal et al., 

2001, Huh et al., 2012, Shibutani et al., 2018, Climent et al., 2019, Gao et al., 2005, Ogino 

et al., 2009, Xie et al., 2018, Chiba et al., 2004, Park et al., 2014, Väyrynen et al., 2014). 

Interobserver variability was quoted by four separate groups. In the original study, the 

interobserver agreement was 0.72(Jass, 1986) and that quoted in the Klintrup-Mäkinen study 

was 0.50 – 0.79(Klintrup et al., 2005). Roxburgh et al.(Roxburgh et al., 2009) found 

interobserver agreement of 0.71 for Jass and 0.81 for KM, whereas Hynes et al(Hynes et al., 

2017) found a poor interobserver agreement at best with a range of 0.05-0.48. 

The presence of MSI was assessed by 9 separate studies and of these: one study only 

contained MSI-high tumours and found that peritumoural inflammation was not significantly 

associated with survival in this group(Bae et al., 2011); two studies found that peritumoural 

inflammation was significant for survival independent of MSI(Hynes et al., 2017, Ogino et 

al., 2009); three studies did not find MSI to be associated with survival(Xie et al., 2018, 

Chiba et al., 2004, Väyrynen et al., 2014); while three did not include MSI in survival 

analysis(Menon et al., 2004, Climent et al., 2019, Gao et al., 2005). 

Those studies meeting inclusion criteria for meta-analysis of KM or Jass scores are given in 

Tables 1.4 and 1.5 (Figure 1.2). There was one study in colon cancer, which found KM to 

be significant for longer OS and DSS (HRs 0.63, 95% CI 0.42-0.95 and 0.48, 95% CI 0.31-

0.75, respectively)(Hynes et al., 2017). There were six studies in colorectal cancer giving 

combined fixed effects HRs of 0.62 (95% CI 0.43-0.88, p=0.007) for disease-free survival 

(DFS) in 3 studies(Climent et al., 2019, Klintrup et al., 2005, Menon et al., 2004); 0.43 (95% 

CI 0.26-0.71, p<0.001) for overall survival (OS) in 2 studies(Climent et al., 2019, Ogino et 

al., 2009); and 0.40 (95% CI 0.29-0.55, p<0.001) for disease-specific survival (DSS) in 3 

studies(Ogino et al., 2009, Park et al., 2014, Väyrynen et al., 2014), with no significant 

heterogeneity and no evidence of publication bias, although study numbers were small.  
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Table 1.4. Meta-analysis results for studies assessing survival (DFS, OS and DSS) in colon 

cancer in relation to peritumoural inflammatory assessments  

Impact of study methodology on heterogeneity testing (I2 test) and overall effect 
  Overall effect Heterogeneity  
Location 
assessed 

Survival 
type 

No. of 
studies 

HR 95% CI I2 
(%) 

P-
value 

First Author 
Surname/year 

Klintrup-Mäkinen/Jass 
 OS 1 0.63 0.42-0.95 NA  Hynes 
 DSS 1 0.48 0.31-0.75 NA  Hynes 
Crohn’s-like reaction 
G-A OS 1 0.64 0.48-0.86 NA  Hynes 
 DSS 1 0.60 0.42-0.85 NA  Hynes 
Tumour infiltrating lymphocytes (H&E) 
 DFS 1 0.37 0.15-0.90 NA  Turner 
 OS 1 0.45 0.23-0.87 NA  Turner 
CD3 
IT DFS 2 0.59 0.38-0.91 3 0.31 Guidoboni, Sinicrope 
 OS 3 0.49 0.33-0.71 0 0.83 Guidoboni, Miller, 

Sinicrope 
 DSS 1 0.35 0.14-0.88 NA  Miller 
IM OS 1 0.48 0.22-1.03 NA  Miller 
 DSS 1 0.65 0.50-0.84 NA  Miller 
CD8 
IT DFS 1 0.35 0.16-0.76 NA  Guidoboni 
 OS 3 0.58 0.41-0.83 34 0.22 Guidoboni, Miller, Yoon 
 DSS 1 0.77 0.32-1.87 NA  Miller 
IM OS 1 0.84 0.41-1.71 NA  Miller 
 DSS 1 0.77 0.32-1.87 NA  Miller 
FoxP3 
IT DFS 1 1.23 0.72-2.13 NA  Sinicrope 
 OS 2 0.91 0.59-1.40 86 0.008 Miller, Sinicrope 
 DSS 1 0.28 0.12-0.66 NA  Miller 
Immunoscore 
 DFS 1 0.63 0.52-0.75 NA  Pagès 18 
 OS 1 0.70 0.58-0.84 NA  Pagès 18 

Bold studies: Right sided tumours only 
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Table 1.5. Meta-analysis results for studies assessing survival (DFS, OS and DSS) in 

colorectal cancer in relation to peritumoural inflammatory assessments  

Impact of study methodology on heterogeneity testing (I2 test) and overall effect 
  Overall effect Heterogeneity  
Location 
assessed 

Survival 
type 

No. of 
studies 

HR 95% CI I2 
(%) 

P-
value 

First Author Surname/year 

Klintrup-Mäkinen/Jass 
 DFS 3 0.62 0.43-0.88 0 0.39 Climent, Klintrup, Menon 
 OS 2 0.43 0.26-0.71 0 0.45 Climent, Ogino 
 DSS 3 0.40 0.29-0.55 0 0.91 Ogino, Park 14, Väyrynen 14 
Crohn’s-like reaction 
G-A DFS 1 0.87 0.26-2.89 NA  Lee 16 
 OS 4 0.68 0.60-0.78 53 0.09 Bae, Buckowitz, Ogino, 

Rozek 
 DSS 2 0.64 0.54-0.77 0 0.60 Ogino, Rozek 
Ueno DFS 2 0.49 0.37-0.64 0 0.98 Kim 15a, Ueno 15 
 DSS 1 0.40 0.20-0.80 NA  Ueno 13 
Väyrynen DFS 1 0.50 0.28-0.89 NA  Kim 15a 
 DSS 1 0.54 0.37-0.79 NA  Väyrynen 2014 
Any 
method 

DFS 3 0.51 0.39-0.66 0 0.84 Kim 15a, Ueno 15, Lee 16 

 OS 4 0.68 0.60-0.78 53 0.09 Bae, Buckowitz, Ogino, 
Rozek 

 DSS 4 0.61 0.52-0.71 0 0.50 Ogino, Rozek, Ueno 13, 
Väyrynen 14 

Tumour infiltrating lymphocytes (H&E) 
 DFS 3 0.65 0.51-0.83 0 0.37 Climent, Lee 16, Ropponen 
 OS 4 0.73 0.64-0.84 0 0.73 Climent, Nielsen, Ogino, 

Rozek 
 DSS 3 0.66 0.55-0.78 0 0.95 Ogino, Ropponen, Rozek 
Combined H&E inflammatory assessment 
 OS 1 0.50 0.31-0.81 NA  Ogino 
 DSS 1 0.31 0.15-0.65 NA  Ogino 
CD3 
IT DFS 6 0.46 0.39-0.54 56 0.04 Chen 16, Deschoolmeester, 

Erisken, Galon 06, Kim 18, 
Väyrynen 16 

 OS 8 0.57 0.50-0.64 73 <0.00
1 

Berntsson 17, Chen 16, 
Deschoolmeester, Eriksen, 
Galon 06, Kim 18, Nosho, 
Väyrynen 16 

 DSS 6 0.59 0.50-0.70 0 0.82 Dahlin, Nosho, Richards 14, 
Simpson, Väyrynen 12, 
Väyrynen 16 

IM DFS 3 0.45 0.33-0.61 0 0.69 Deschoolmeester, Galon 06, 
Väyrynen 16 

 OS 4 0.71 0.59-0.85 67 0.03 Deschoolmeester, Galon 06, 
Nosho, Väyrynen 16 

 DSS 6 0.58 0.48-0.69 10 0.35 Dahlin, Laghi, Nosho, 
Richards 14, Väyrynen 12, 
Väyrynen 16 
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CD8 
IT DFS 8 0.46 0.39-0.54 48 0.06 Chen 16, Deschoolmeester, 

Eriksen, Kim 18, Mori, Prall, 
Tosolini, Väyrynen 16 

CD8 continued 
 OS 15 0.63 0.58-0.67 65 <0.00

1 
Berntsson 17, Chen 16, 
Deschoolmeester, Erisken, 
Kasajima, Kim 18, Naito, 
Nazemalhosseini-Majorad, 
Nosho, Oshikiri, Pagès 09, 
Prizment, Salama, Väyrynen 
16, Zlobec 2008b 

 DSS 9 0.62 0.56-0.69 73 <0.00
1 

Baker, Chiba, Ling, Nosho, 
Pagès 09, Prall, Prizment, 
Richards 14, Väyrynen 16 

IM DFS 4 0.50 0.40-0.62 0 0.81 Deschoolmeester, Kim 15b, 
Tosolini, Väyrynen 16 

 OS 4 0.62 0.51-0.75 58 0.05 Deschoolmeester, Kim 15b, 
Nosho, Väyrynen 16 

 DSS 5 0.53 0.45-0.63 53 0.05 Lugli, Matsutani, Nosho, 
Richards 14, Väyrynen 16 

CD4 
IT DFS 1 0.55 0.32-0.96 NA  Chen 16 
 OS 2 0.64 0.42-0.97 0 0.72 Chen 16, Kasajima 
 DSS 1 0.64 0.41-0.99 NA  Ling 
CD45RO 
IT DFS 3 0.52 0.40-0.69 83 0.003 Chen 16, Kim 15b, Pagès 09 
 OS 5 0.68 0.61-0.75 78 0.001 Chen 16, Kim 15b, Nosho, 

Pagès 09, Salama 
 DSS 3 0.53 0.44-0.64 83 0.002 Nosho, Pagès 09, Richards 14 
IM DFS 1 0.42 0.33-0.54 NA  Kim 15b 
 OS 2 0.51 0.42-0.63 77 0.01 Kim 15b, Nosho 
 DSS 2 0.57 0.47-0.68 70 0.07 Nosho, Richards 14 
FoxP3 
IT DFS 2 0.52 0.36-0.77 27 0.24 Chen 16, Väyrynen 16 
 OS 4 0.72 0.65-0.80 77 0.004 Chen 16, Nosho, Salama, 

Väyrynen 16 
 DSS 3 0.47 0.37-0.61 0 0.40 Nosho, Richards 14, Väyrynen 

16 
IM DFS 1 0.42 0.19-0.93 NA  Väyrynen 16 
 OS 2 0.47 0.35-0.63 0 0.81 Nosho, Väyrynen 16 
 DSS 3 0.57 0.46-0.70 62 0.07 Nosho, Richards 14, Väyrynen 

16 
Immunoscore 
 DFS 3 0.49 0.41-0.58 91 <0.00

1 
Mlecnik, Pagès 09, Wirta 

 OS 3 0.61 0.53-0.70 89 <0.00
1 

Mlecnik, Pagès 09, Wirta 

 DSS 5 0.47 0.39-0.55 86 <0.00
1 

Mlecnik, Nearchou, Pagès 09, 
Park 16, Wirta 

CD20 
IT DFS 1 0.62 0.40-0.96 NA  Chen 16 
 OS 2 0.66 0.52-0.89 0 0.50 Berntsson 16, Chen 16 
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CD57/Va24 
IT DFS 2 0.47 0.28-0.78 71 0.06 Chen 16, Tachibana 
 OS 2 0.48 0.28-0.84 33 0.22 Chen 16, Tachibana 
CD68 
IT DFS 3 1.21 0.95-1.55 81 0.005 Chen 16, Kim 18, Väyrynen 

16 
 OS 5 0.91 0.75-1.11 77 0.002 Chen 16, Gulubova, Kim 18, 

Koelzer 16, Väyrynen 16 
 DSS 2 0.58 0.38-0.89 0 0.56 Algars, Väyrynen 16 
IM DFS 1 0.43 0.19-0.96 NA  Väyrynen 16 
 OS 3 0.48 0.36-0.64 48 0.15 Gulubova, Li 18a, Väyrynen 

16 
 DSS 1 0.40 0.20-0.81 NA  Väyrynen 16 
CD163/206 
IM DFS 1 3.68 1.74-7.82 NA  Shibutani 17 
 DSS 1 0.66 0.42-1.05 NA  Edin 

Bold studies: MSI high only studies 
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Figure 1.2. Forest plot and funnel plot for KM/Jass classification in colorectal cancer 

according to DFS, OS and DSS  
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1.5.3.2 Crohn’s-Like Reaction (CLR) 

Crohn’s-like reaction (CLR) was originally described in 1990 by Graham and 

Appelman(Graham and Appelman, 1990). The score assesses how many “discrete lymphoid 

aggregates” are present at the IM and spread through the muscularis propria and which of 

these have germinal centres. The CLR is thought to represent part of the body’s adaptive 

inflammatory response to cancer. These lymphoid aggregates have been found to consist 

largely of B-cells, with T-cells and antigen-presenting cells also present to a lesser 

degree(Väyrynen et al., 2014). According to the original method of CLR assessment, 

tumours than 3 or more lymphoid aggregates and at least 1 germinal centre were scored as 

“intense”. A reaction was considered “mild” if 2 or fewer aggregates were present or “none” 

if there were no aggregates(Graham and Appelman, 1990). Several groups, in attempting to 

validate this method, have combined two of the categories, whether intense vs none or 

mild(Buckowitz et al., 2005, Harrison et al., 1995) or none vs mild or intense(Klintrup et al., 

2005). 

Two alternative methods for scoring CLR have been proposed since then. The method 

proposed by Ueno et al.(Ueno et al., 2013) measures the bipolar length of the largest 

lymphoid aggregate and tumours with aggregates longer than 1mm were considered CLR 

“active”. The method proposed by Väyrynen et al.(Väyrynen et al., 2014) is a “density-

based” assessment calculated by counting the total number of lymphoid aggregates and 

dividing this by the length of the invasive tumour margin measured in millimetres on the 

same slide used for counting aggregates. A data-driven threshold of 0.38 follicles/mm was 

calculated using a ROC-curve and those tumours above this threshold were considered high 

density. Other studies have attempted to measure B-cell response by counting plasma cells 

on standard H&E-stained slides either at the invasive margin(Richards et al., 2012) or within 

the tumour(Nielsen et al., 1999). 
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There were 14 studies reporting CLR or plasma cell counts, although three studies had 

overlapping cohorts(Bae et al., 2011, Klintrup et al., 2005, Ueno et al., 2015). This left eleven 

studies with 6595 patients. All of these studies found higher CLR/plasma cell counts to be 

significant for longer survival(Richards et al., 2012, Hynes et al., 2017, Harrison et al., 1995, 

Ogino et al., 2009, Väyrynen et al., 2014, Lee et al., 2016, Nielsen et al., 1999, Rozek et al., 

2016, Buckowitz et al., 2005, Kim et al., 2015a, Ueno et al., 2013). In terms of individual 

assessment method, 7 studies with 2337 patients used the Graham-Appelman method (G-

A). However, even in these studies, the threshold group for dichotomising patients was 

different. Four studies, of 2337 patients dichotomised by grouping the lower two groups 

together (i.e. absent and mild in one group and intense in the other): of these one found no 

significant difference in survival in a study of only MSI-high patients(Kim et al., 2015b); 

whereas the other 3 studies found the survival was better in the intense group(Buckowitz et 

al., 2005, Rozek et al., 2016, Harrison et al., 1995). Three studies, of 1466 patients, 

dichotomised patients with the two higher groups together (i.e. absent in one group vs mild 

or intense in the other): of these, one study found no significant association with 

survival(Klintrup et al., 2005), while the other two found a significant survival 

advantage(Hynes et al., 2017, Ogino et al., 2009). A further study used a modified G-A 

method, classing an “intense” reaction as greater than 5 lymphoid aggregates(Lee et al., 

2016). However, with this classification, only one tumour met the criteria to be included in 

this category. Therefore, this study also effectively dichotomised with mild and intense in 

the same group and did not find CLR to be significant for survival.  

Only one group compared different dichotomisation thresholds for CLR in the same cohort 

of patients, albeit in two separate papers(Kim et al., 2015a, Bae et al., 2011). The studies 

assessed MSI-high tumours only and where the lower threshold was used there were 144 

tumour with mild or intense reactions vs 25 with an absent reaction(Bae et al., 2011), while 

with the higher threshold, there were 45 with an intense reaction vs 164 with absent or 
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mild(Kim et al., 2015a). The higher threshold was found to be significant for longer survival, 

while the lower threshold was not. The reason that the lower threshold was significant is 

likely due to the fact that this was an MSI-high cohort and the lower threshold selected out 

those patients with an absent local inflammatory response (in terms of CLR) in spite of what 

would otherwise be considered immunogenic tumour biology. 

Three studies, of 2073 patients, used alternative methods of measuring CLR: one study used 

the Ueno method(Ueno et al., 2013); one used the Väyrynen method(Väyrynen et al., 2014); 

one study compared Ueno and Väyrynen methods with the G-A method(Kim et al., 2015a). 

All of these studies found these alternative CLR methods to be significant for longer 

survival.  

In terms of reproducibility, the G-A method’s interobserver agreement was reported as 

0.29(Hynes et al., 2017), 0.50 in 2 studies(Kim et al., 2015a, Ueno et al., 2013), and 

0.92(Harrison et al., 1995). The interobserver agreement reported for the Ueno method was 

0.56(Kim et al., 2015a) and 0.67(Ueno et al., 2013). For the Väyrynen method, agreement 

ranged between 0.71 and 0.81(Väyrynen et al., 2014, Kim et al., 2015a). Only one study 

directly compared interobserver agreement for all three methods of scoring CLR and they 

found the method with the greatest agreement was the density-based Väyrynen method(Kim 

et al., 2015a). 

Eight studies reported assessment for MSI: of which four studies found that CLR was 

independent of MSI(Kim et al., 2015a, Rozek et al., 2016, Ogino et al., 2009, Hynes et al., 

2017); two studies found MSI was not significant for survival(Buckowitz et al., 2005, 

Väyrynen et al., 2014); and the other two did not assess survival according to MSI(Ueno et 

al., 2013, Lee et al., 2016). 

Those studies meeting inclusion criteria for meta-analysis of CLR methods are given in 

Tables 1.4 and 1.5 (Figure 1.3). There was one study in colon cancer, which found CLR (G-

A) to be significant for longer OS and DSS (HRs 0.64, 95% CI 0.48-0.86 and 0.60, 95% CI 
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0.42-0.85, respectively)(Hynes et al., 2017). There were five studies in colorectal cancer for 

CLR (G-A), with a single study finding it not significant for DFS(Lee et al., 2016); but 

combined fixed effects HRs of 0.68 (95% CI 0.60-0.78) for (OS) in 4 studies(Bae et al., 2011, 

Buckowitz et al., 2005, Ogino et al., 2009, Rozek et al., 2016); and 0.64 (95% CI 0.54-0.77) 

for DSS in 2 studies(Ogino et al., 2009, Rozek et al., 2016), with no significant evidence of 

heterogeneity for DSS. However, for OS there was evidence of moderate heterogeneity (I2 

53%, p=0.09). 

There were three studies in colorectal cancer for CLR (Ueno), with a combined fixed effects 

HR of 0.49 (95% CI 0.37-0.64) for DFS in two studies(Kim et al., 2015a, Ueno et al., 2015) 

and no evidence of significant heterogeneity; but only a single study for OS finding CLR 

(Ueno) to be significant (HRs 0.40, 95% CI 0.20-0.80)(Ueno et al., 2013).  

There were two studies in colorectal cancer for CLR (Väyrynen), with a single study 

assessing DFS, finding it significant (HRs 0.50, 95% CI 0.28-0.89)(Kim et al., 2015a) and a 

single study assessing DSS, finding it significant (HRs 0.54, 95% CI 0.37-0.79)(Väyrynen 

et al., 2014).  

The funnel plot for CLR (G-A) did not suggest any evidence of publication bias. However, 

there were too few studies for the Ueno or Väyrynen methods for any reliable funnel plot 

analysis.  
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Figure 1.3. Forest plot and funnel plot for CLR in colorectal cancer according to DFS, OS 

and DSS. A) G-A method, B) Ueno method, C) Väyrynen method  
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1.5.3.3 H&E Assessment of Tumour Infiltrating Lymphocytes (TILs) 

Many groups refer to an assessment of TILs. However, some of these groups, on scrutinizing 

methodology, are referring instead to a Jass/KM method or similar H&E 

assessment(Hamada et al., 2018). Therefore, only studies that described counting 

lymphocytes on H&E-stained slides in an intratumoural compartment (stromal, 

intraepithelial or both) were considered for this section. 

There were nine studies (5508 patients) describing lymphocyte counts in an intratumoural 

compartment on H&E-stained slides: of which eight (5343 patients) demonstrated a longer 

survival with higher TILs counts(Turner et al., 2016, Ogino et al., 2009, Ropponen et al., 

1997, Lee et al., 2016, Iseki et al., 2018, Nielsen et al., 1999, Rozek et al., 2016, Lang-

Schwarz et al., 2018), whereas one study found no survival association(Climent et al., 2019). 

Four studies reported a semiquantitative assessment of TILs(Turner et al., 2016, Ogino et 

al., 2009, Ropponen et al., 1997, Lee et al., 2016), while the other 5 counted individual 

lymphocytes and then dichotomised the data at a set data threshold(Climent et al., 2019, 

Iseki et al., 2018, Nielsen et al., 1999, Rozek et al., 2016, Lang-Schwarz et al., 2018). None 

of these studies reported any assessment of interobserver agreement. 

Six of these studies assessed MSI status, of which: two studies found TILs to be independent 

of MSI status for survival(Ogino et al., 2009, Rozek et al., 2016); one found no association 

between MSI and survival(Turner et al., 2016); whereas 3 studies did not include MSI status 

in survival analysis(Climent et al., 2019, Lee et al., 2016, Iseki et al., 2018). 

Those studies meeting inclusion criteria for meta-analysis of TILs on H&E are given in 

Tables 1.4 and 1.5 (Figure 1.4). There was one study in colon cancer, which found TILs to 

be significant for longer DFS and OS (HRs 0.37, 95% CI 0.15-0.90 and 0.45, 95% CI 0.23-

0.87, respectively)(Turner et al., 2016). There were six studies in colorectal cancer giving 

combined fixed effects HRs of 0.65 (95% CI 0.51-0.83) for DFS in 3 studies(Climent et al., 

2019, Lee et al., 2016, Ropponen et al., 1997); 0.73 (95% CI 0.64-0.84) for OS in 4 
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studies(Climent et al., 2019, Nielsen et al., 1999, Ogino et al., 2009, Rozek et al., 2016); and 

0.66 (95% CI 0.55-0.78) for DSS in 3 studies(Ogino et al., 2009, Ropponen et al., 1997, 

Rozek et al., 2016), with no significant heterogeneity and no evidence of publication bias, 

although numbers were small. 

Figure 1.4. Forest plot and funnel plot for TILs in H&E in colorectal cancer according to 

DFS, OS and DSS  
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1.5.3.4 Combined H&E Assessment of peritumoural inflammation 

Ogino et al.(Ogino et al., 2009) combined KM, CLR and TILs counted separately in stroma 

and intraepithelial compartments into a score for 843 patients. They assigned a 

semiquantitative score for each element and then added the individual scores together. 

Individually, as described above, they found that the separate elements of the score were 

significant for survival apart from TILs in the intraepithelial compartment. When the scores 

were combined and arbitrary thresholds were set to separate the score into three groups, the 

score remained significant for survival and was independent of MSI(Ogino et al., 2009). 

Another group replicated the score comparing Caucasian (n=159) and Afro-American (n=52) 

populations but found that it was only significant in the Afro-American population, 

independent of MSI(Wallace et al., 2018). 

Due to lack of follow up data for the second study, only the original study by Ogino et 

al.(Ogino et al., 2009) met inclusion criteria for meta-analysis of this score in CRC, 

significant for OS and DSS (HRs 0.50, 95% CI 0.31-0.81 and 0.31, 95% CI 0.15-0.65, 

respectively). 

1.5.3.5 H&E Assessment and MSI 

Overall, 16 studies assessing local inflammatory response on H&E-stained slides also 

assessed MSI status. Of these, however, 6 did not include MSI in multivariate 

analysis(Menon et al., 2004, Climent et al., 2019, Gao et al., 2005, Lee et al., 2016, Iseki et 

al., 2018, Ueno et al., 2013). Of those that did, 5 found MSI not to have any association with 

survival(Turner et al., 2016, Xie et al., 2018, Chiba et al., 2004, Väyrynen et al., 2014, 

Buckowitz et al., 2005) and the remaining 5 (3820 patients) found H&E assessment of the 

local inflammatory response to be independent of MSI for longer survival(Hynes et al., 2017, 

Ogino et al., 2009, Rozek et al., 2016, Kim et al., 2015a, Wallace et al., 2018). 

  



74 
 

1.5.4 Immunohistochemistry for Inflammatory Cell Markers 

Thus far, a variety of H&E-based methods for assessing the local inflammatory response 

have been discussed. Some, like KM, assess the inflammatory response in general, whereas 

others assess more specifically the adaptive immune response, CLR and TILs for example. 

A range of immunohistochemical stains to specifically select out cell populations have been 

used and the most common of these are discussed below. 

There were 86 studies that stained specifically for T-cell associated markers and tested for 

associations between these and survival in colon, rectal and colorectal cancer (Table 1.1). 

However, several studies had overlapping cohorts assessing multiple markers(Bae et al., 

2011, Nagtegaal et al., 2001, Kim et al., 2015b, Teng et al., 2015a, McCoy et al., 2015, 

Sinicrope et al., 2009, Lavotshkin et al., 2015, Chen et al., 2016, Peng et al., 2010, Wang et 

al., 2018, Galon et al., 2006, Anitei et al., 2014a, Tosolini et al., 2011a, Zlobec et al., 2008b, 

Zlobec et al., 2008c, Hanke et al., 2015, Koelzer et al., 2014, Baker et al., 2007, Ling et al., 

2014, Canna et al., 2005, Zeestraten et al., 2013, Naito et al., 1998). Sixty-three of these 

cohorts of 14,700 patients were deemed to be independent(Menon et al., 2004, Prizment et 

al., 2017, Kasajima et al., 2010, Chiba et al., 2004, Teng et al., 2015b, Guidoboni et al., 2001, 

Flaherty et al., 2016, Miller et al., 2017, Laghi et al., 2009, Deschoolmeester et al., 2010, 

Katz et al., 2013, Väyrynen et al., 2016, Schweiger et al., 2016, Kim et al., 2018, Eriksen et 

al., 2018, Lackner et al., 2004, Takemoto et al., 2004, Baeten et al., 2006, Vlad et al., 2015, 

Li et al., 2018a, Berntsson et al., 2017, Katz et al., 2009, Simpson et al., 2010, Dahlin et al., 

2011, Algars et al., 2012, Väyrynen et al., 2012, Richards et al., 2014, Nearchou et al., 2019, 

Shinto et al., 2014, Posselt et al., 2016, McCoy et al., 2017, Ogura et al., 2018, Chen et al., 

2019b, Schollbach et al., 2019, Rosenbaum et al., 2016, Yoon et al., 2012, Prall et al., 2004, 

Pagès et al., 2009, Suzuki et al., 2010, Makkai-Popa et al., 2013, Mori et al., 2015, Wei et 

al., 2018, Hu et al., 2018, Loddenkemper et al., 2006, Oshikiri et al., 2006, Salama et al., 

2009, Nosho et al., 2010, Lee et al., 2013, Sideras et al., 2018, Nazemalhosseini-Mojarad et 
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al., 2019, Oberg et al., 2002, Funada et al., 2003, Lugli et al., 2009, Matsutani et al., 2018, 

Chen and Chen, 2014, Lee et al., 2010, Reimers et al., 2014, Markl et al., 2017, Xu et al., 

2013, Wang et al., 2015b, Frey et al., 2010, Wang et al., 2015a, Correale et al., 2010). Of all 

the studies, 67 found higher densities of T-cells to be associated with longer survival, 

although only 47 were deemed to assess independent cohorts (13014 patients)(Menon et al., 

2004, Prizment et al., 2017, Kasajima et al., 2010, Chiba et al., 2004, Teng et al., 2015b, 

Guidoboni et al., 2001, Flaherty et al., 2016, Miller et al., 2017, Laghi et al., 2009, Katz et 

al., 2013, Väyrynen et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Baeten et al., 2006, 

Vlad et al., 2015, Berntsson et al., 2017, Katz et al., 2009, Simpson et al., 2010, Dahlin et 

al., 2011, Väyrynen et al., 2012, Richards et al., 2014, Nearchou et al., 2019, Shinto et al., 

2014, Posselt et al., 2016, Ogura et al., 2018, Chen et al., 2019b, Schollbach et al., 2019, 

Yoon et al., 2012, Prall et al., 2004, Pagès et al., 2009, Mori et al., 2015, Hu et al., 2018, 

Oshikiri et al., 2006, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, 

Nazemalhosseini-Mojarad et al., 2019, Oberg et al., 2002, Funada et al., 2003, Lugli et al., 

2009, Matsutani et al., 2018, Lee et al., 2010, Reimers et al., 2014, Markl et al., 2017, Xu et 

al., 2013, Frey et al., 2010, Wang et al., 2015a). FoxP3 was associated with worse survival 

outcome in 2 studies(Xu et al., 2013, McCoy et al., 2015), although one of these found both 

positive and negative survival effects(Xu et al., 2013). No survival association was 

demonstrated in 18 studies for T-cell densities, of which 14 were deemed to study 

independent cohorts(Schweiger et al., 2016, Lackner et al., 2004, Takemoto et al., 2004, Li 

et al., 2018a, Algars et al., 2012, McCoy et al., 2017, Rosenbaum et al., 2016, Suzuki et al., 

2010, Makkai-Popa et al., 2013, Wei et al., 2018, Loddenkemper et al., 2006, Sideras et al., 

2018, Chen and Chen, 2014, Correale et al., 2010). In many studies, multiple inflammatory 

cell markers were used in the same multivariate analysis(Nagtegaal et al., 2001, Peng et al., 

2010, Flaherty et al., 2016, Väyrynen et al., 2016, Kim et al., 2018, Vlad et al., 2015, 

Berntsson et al., 2017, Richards et al., 2014, Chen et al., 2019b, Salama et al., 2009, Nosho 
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et al., 2010, Lee et al., 2013, Lee et al., 2010, Xu et al., 2013) with or without MSI(Baker et 

al., 2007, Deschoolmeester et al., 2010, Väyrynen et al., 2016, Berntsson et al., 2017, Dahlin 

et al., 2011, Frey et al., 2010). In this scenario, often each marker on univariate analysis was 

highly significant for survival, whereas on multivariate analysis of multiple inflammatory 

markers only one or two markers remained significant. This would suggest that 

inflammatory cells are not independent of one another, but function in a dependent manner 

and the survival advantage of a more dense inflammatory cell subset functions only in the 

context of the cross-talk between multiple inflammatory cells, innate and adaptive, that exist 

within a functioning immune system(Bonomo et al., 2020). 

1.5.4.1 Immunohistochemical Staining for CD3 

CD3 (or cluster of differentiation 3) is a protein that is expressed on the cell membrane of 

all T-cells that have reached maturity and is found in almost no other cell type apart from 

certain B-cell lymphomas(Lee et al., 2017a). T-cells continue to express CD3 even after 

further differentiating into cytotoxic (CD8), helper (CD4) or memory (CD45RO) T-cells. As 

an immunohistochemical marker, therefore, CD3 stains all T-cells and is a good indicator of 

overall T-cell response(Chetty and Gatter, 1994). There were 34 studies that stained 

specifically for CD3 in the context of survival in colon, rectal and colorectal cancer, although 

two studies had overlapping cohorts(Lavotshkin et al., 2015, Peng et al., 2010). There 

remained, therefore, 32 studies of 7947 patients(Nagtegaal et al., 2001, Sinicrope et al., 2009, 

Chen et al., 2016, Galon et al., 2006, Hanke et al., 2015, Teng et al., 2015b, Guidoboni et 

al., 2001, Flaherty et al., 2016, Miller et al., 2017, Laghi et al., 2009, Deschoolmeester et al., 

2010, Katz et al., 2013, Väyrynen et al., 2016, Schweiger et al., 2016, Kim et al., 2018, 

Eriksen et al., 2018, Lackner et al., 2004, Takemoto et al., 2004, Baeten et al., 2006, Vlad et 

al., 2015, Li et al., 2018a, Berntsson et al., 2017, Katz et al., 2009, Simpson et al., 2010, 

Dahlin et al., 2011, Algars et al., 2012, Väyrynen et al., 2012, Richards et al., 2014, Nearchou 

et al., 2019, McCoy et al., 2017, Nosho et al., 2010, Lee et al., 2010). Of these, 23 studies 
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(5292 patients) found higher densities of CD3 expressing cells to be significant for longer 

survival(Nagtegaal et al., 2001, Sinicrope et al., 2009, Chen et al., 2016, Galon et al., 2006, 

Teng et al., 2015b, Guidoboni et al., 2001, Flaherty et al., 2016, Miller et al., 2017, Laghi et 

al., 2009, Deschoolmeester et al., 2010, Väyrynen et al., 2016, Kim et al., 2018, Eriksen et 

al., 2018, Baeten et al., 2006, Vlad et al., 2015, Berntsson et al., 2017, Katz et al., 2009, 

Simpson et al., 2010, Dahlin et al., 2011, Väyrynen et al., 2012, Richards et al., 2014, 

Nearchou et al., 2019, Lee et al., 2010), whilst the other 9 found no significant 

difference(Hanke et al., 2015, Katz et al., 2013, Schweiger et al., 2016, Lackner et al., 2004, 

Takemoto et al., 2004, Li et al., 2018a, Algars et al., 2012, McCoy et al., 2017, Nosho et al., 

2010). 

There were two studies (229 patients) in rectal cancer assessing the survival impact of CD3 

infiltration(Teng et al., 2015b, McCoy et al., 2017). Both studies assessed pre-treatment 

biopsy specimens for the presence of intratumoural CD3 positive cells. Furthermore, both 

studies used median values as the data threshold, separating CD3 into equal groups with high 

and low values. Only one of these (136 patients) found higher CD3 to be significant for 

improved survival, using a manual counting method(Teng et al., 2015b). The other study 

employed an electronic counting method but found no significant survival benefit(McCoy 

et al., 2017). MSI was not assessed by either study. No studies in rectal cancer met inclusion 

criteria for meta-analysis. 

There were six studies (591 patients) in colon cancer assessing the survival impact of CD3 

infiltration(Sinicrope et al., 2009, Peng et al., 2010, Guidoboni et al., 2001, Flaherty et al., 

2016, Miller et al., 2017, Lee et al., 2010) of which all six demonstrated a longer survival 

with higher CD3 positive infiltrate. Five studies assessed the density of intratumoural CD3 

positive cells(Sinicrope et al., 2009, Peng et al., 2010, Guidoboni et al., 2001, Miller et al., 

2017, Lee et al., 2010). Two studies assessed CD3 density at the invasive margin, in 

conjunction with other tumour areas(Flaherty et al., 2016, Miller et al., 2017). Three studies 
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assessed and compared the survival impact of CD3 positive cells in more than one tumour 

compartment in the same cohort: of these, one study found a significantly longer survival 

for intraepithelial CD3, whilst there was no survival advantage of stromal CD3(Sinicrope et 

al., 2009); one study found that both CD3 density at the invasive margin and the combined 

tumour compartments (Total slide) were significant for survival(Flaherty et al., 2016); and 

one study found that only intratumoural CD3 density was significant for survival, but not at 

the invasive margin(Miller et al., 2017). There were 3 studies that assessed the presence of 

MSI: of which two found that CD3 density was significant for survival independent of MSI 

status(Sinicrope et al., 2009, Guidoboni et al., 2001) and one did not find MSI to be 

significant for survival(Miller et al., 2017). Four studies assessed CD3 density using an 

electronic method(Guidoboni et al., 2001, Flaherty et al., 2016, Miller et al., 2017, Lee et 

al., 2010), two used a manual method(Sinicrope et al., 2009, Peng et al., 2010). Five studies 

used arbitrary data thresholds(Sinicrope et al., 2009, Peng et al., 2010, Guidoboni et al., 

2001, Flaherty et al., 2016, Lee et al., 2010) whilst one study’s threshold was data-

driven(Miller et al., 2017). 

Those studies meeting inclusion criteria for CD3 and survival in colon cancer are given in 

Table 1.4 (Figure 1.5A&B). There were three studies assessing intratumoural (IT) CD3 in 

colon cancer giving combined effects HRs of 0.59 (95% CI 0.38-0.91) for DFS in 2 

studies(Guidoboni et al., 2001, Sinicrope et al., 2009); 0.49 (95% CI 0.33-0.71) for OS in 3 

studies(Guidoboni et al., 2001, Miller et al., 2017, Sinicrope et al., 2009); and one 

study(Miller et al., 2017) significant for longer DSS (HRs 0.35, 95% CI 0.14-0.88), with no 

significant heterogeneity and no evidence of publication bias on funnel plot, although 

numbers are small. There was one study assessing CD3 at the invasive margin (IM), which 

found no significant survival benefit from a higher density for OS or DSS (HRs 0.48, 95% 

CI 0.22-1.03 and 1.43, 95% CI 0.31-6.60, respectively). 
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In colorectal cancer, there were 26 studies comprising 7230 patients assessing the relation 

of CD3 infiltration with survival(Nagtegaal et al., 2001, Laghi et al., 2009, Deschoolmeester 

et al., 2010, Katz et al., 2013, Chen et al., 2016, Väyrynen et al., 2016, Schweiger et al., 

2016, Kim et al., 2018, Eriksen et al., 2018, Lackner et al., 2004, Takemoto et al., 2004, 

Baeten et al., 2006, Nosho et al., 2010, Hanke et al., 2015, Vlad et al., 2015, Li et al., 2018a, 

Berntsson et al., 2017, Katz et al., 2009, Simpson et al., 2010, Dahlin et al., 2011, Algars et 

al., 2012, Väyrynen et al., 2012, Richards et al., 2014, Nearchou et al., 2019, Lavotshkin et 

al., 2015, Galon et al., 2006). Seventeen of these (4633 patients) found a higher CD3 density 

to be associated with longer survival(Nagtegaal et al., 2001, Galon et al., 2006, Laghi et al., 

2009, Deschoolmeester et al., 2010, Chen et al., 2016, Väyrynen et al., 2016, Kim et al., 

2018, Eriksen et al., 2018, Baeten et al., 2006, Vlad et al., 2015, Berntsson et al., 2017, Katz 

et al., 2009, Simpson et al., 2010, Dahlin et al., 2011, Väyrynen et al., 2012, Richards et al., 

2014, Nearchou et al., 2019), compared with 9 studies (2597 patients) finding no significant 

survival difference(Katz et al., 2013, Lavotshkin et al., 2015, Schweiger et al., 2016, Lackner 

et al., 2004, Takemoto et al., 2004, Nosho et al., 2010, Hanke et al., 2015, Algars et al., 

2012). Nineteen studies (5414 patients) assessed CD3 in the intratumoural 

compartments(Nagtegaal et al., 2001, Deschoolmeester et al., 2010, Katz et al., 2013, Chen 

et al., 2016, Väyrynen et al., 2016, Schweiger et al., 2016, Kim et al., 2018, Eriksen et al., 

2018, Lackner et al., 2004, Takemoto et al., 2004, Baeten et al., 2006, Hanke et al., 2015, 

Vlad et al., 2015, Li et al., 2018a, Berntsson et al., 2017, Katz et al., 2009, Simpson et al., 

2010, Algars et al., 2012, Richards et al., 2014) and of these 12 studies (3579 patients) found 

a significant association with longer survival(Nagtegaal et al., 2001, Deschoolmeester et al., 

2010, Chen et al., 2016, Väyrynen et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Baeten 

et al., 2006, Vlad et al., 2015, Berntsson et al., 2017, Katz et al., 2009, Simpson et al., 2010, 

Richards et al., 2014). Nine studies (1641 patients) assessed CD3 and the invasive 

margin(Nagtegaal et al., 2001, Laghi et al., 2009, Deschoolmeester et al., 2010, Väyrynen et 



80 
 

al., 2016, Schweiger et al., 2016, Lackner et al., 2004, Baeten et al., 2006, Li et al., 2018a, 

Richards et al., 2014), of which 4 studies (775 patients) were significant for longer 

survival(Nagtegaal et al., 2001, Laghi et al., 2009, Väyrynen et al., 2016, Richards et al., 

2014). Six studies (1668 patients) assessed CD3 on the whole slide(Nosho et al., 2010, 

Dahlin et al., 2011, Väyrynen et al., 2012, Nearchou et al., 2019, Lavotshkin et al., 2015, 

Galon et al., 2006) of which four (906 patients) were significant for survival(Dahlin et al., 

2011, Väyrynen et al., 2012, Nearchou et al., 2019, Galon et al., 2006). Seven studies 

significant for survival assessed more than one tumour region and of these: three found that 

IE CD3 and not ST CD3 was significant for survival(Deschoolmeester et al., 2010, Väyrynen 

et al., 2016, Simpson et al., 2010), whereas three found that both IE CD3 and ST CD3 were 

significant for survival(Kim et al., 2018, Baeten et al., 2006, Richards et al., 2014); two 

studies found that intratumoural assessment of CD3 was significant whereas assessment at 

the invasive margin was not(Deschoolmeester et al., 2010, Baeten et al., 2006), while three 

found that assessment of both intratumoural and invasive margin CD3 was significant for 

survival(Nagtegaal et al., 2001, Väyrynen et al., 2016, Richards et al., 2014). Nine studies 

assessed the presence of MSI: of these two studies found CD3 to be independent of 

MSI(Laghi et al., 2009, Väyrynen et al., 2016); two studies found no association of MSI 

with survival and therefore it was not included in multivariate analysis(Eriksen et al., 2018, 

Takemoto et al., 2004); a further two studies did not include MSI in survival analysis(Kim 

et al., 2018, Simpson et al., 2010); and in 3 studies CD3 was not independent of MSI on 

multivariate analysis(Deschoolmeester et al., 2010, Berntsson et al., 2017, Dahlin et al., 

2011). Fifteen studies used an electronic method of assessment(Laghi et al., 2009, Katz et 

al., 2013, Chen et al., 2016, Väyrynen et al., 2016, Kim et al., 2018, Eriksen et al., 2018, 

Nosho et al., 2010, Vlad et al., 2015, Li et al., 2018a, Berntsson et al., 2017, Katz et al., 2009, 

Väyrynen et al., 2012, Nearchou et al., 2019, Lavotshkin et al., 2015, Galon et al., 2006) of 

which 11 found CD3 to be significant for survival(Laghi et al., 2009, Chen et al., 2016, 
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Väyrynen et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Vlad et al., 2015, Berntsson et 

al., 2017, Katz et al., 2009, Väyrynen et al., 2012, Nearchou et al., 2019, Galon et al., 2006). 

Twelve studies used a manual assessment method(Nagtegaal et al., 2001, Deschoolmeester 

et al., 2010, Schweiger et al., 2016, Lackner et al., 2004, Takemoto et al., 2004, Baeten et 

al., 2006, Hanke et al., 2015, Simpson et al., 2010, Dahlin et al., 2011, Algars et al., 2012, 

Väyrynen et al., 2012, Richards et al., 2014), of which 7 found CD3 to be associated with 

survival(Nagtegaal et al., 2001, Deschoolmeester et al., 2010, Baeten et al., 2006, Simpson 

et al., 2010, Dahlin et al., 2011, Väyrynen et al., 2012, Richards et al., 2014). The only study 

to directly compare electronic and manual methods of CD3 assessment in colorectal cancer 

found both to be comparable and significant for survival(Väyrynen et al., 2012). Thirteen 

studies used various different arbitrary data thresholds(Deschoolmeester et al., 2010, 

Schweiger et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Takemoto et al., 2004, Baeten 

et al., 2006, Nosho et al., 2010, Hanke et al., 2015, Vlad et al., 2015, Simpson et al., 2010, 

Dahlin et al., 2011, Algars et al., 2012, Richards et al., 2014), whereas 9 studies used data-

driven thresholds(Laghi et al., 2009, Katz et al., 2013, Chen et al., 2016, Väyrynen et al., 

2016, Berntsson et al., 2017, Katz et al., 2009, Väyrynen et al., 2012, Nearchou et al., 2019, 

Galon et al., 2006). In four studies, the method of threshold determination was 

unclear(Nagtegaal et al., 2001, Lackner et al., 2004, Li et al., 2018a, Lavotshkin et al., 2015). 

Those studies meeting inclusion criteria for meta-analysis of CD3 are given in Table 1.5 

(Figure 1.5C&D). Twelve studies met inclusion criteria for meta-analysis of IT CD3 in 

colorectal cancer, giving combined effects HRs of: 0.46 (95% CI 0.39-0.54) for DFS in six 

studies(Chen et al., 2016, Deschoolmeester et al., 2010, Eriksen et al., 2018, Galon et al., 

2006, Kim et al., 2018, Väyrynen et al., 2016), (moderate heterogeneity, I2 56%; p=0.04); 

0.57 (95% CI 0.50-0.64) for OS in eight studies(Berntsson et al., 2017, Chen et al., 2016, 

Deschoolmeester et al., 2010, Eriksen et al., 2018, Galon et al., 2006, Kim et al., 2018, Nosho 

et al., 2010, Väyrynen et al., 2016), (substantial heterogeneity (I2 73%; p<0.001); and 0.59 
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(95% CI 0.50-0.70) for DSS in six studies(Dahlin et al., 2011, Nosho et al., 2010, Richards 

et al., 2014, Simpson et al., 2010, Väyrynen et al., 2012, Väyrynen et al., 2016), (no 

significant heterogeneity). The funnel plot did not suggest any evidence of publication bias. 

Eight studies were included for IM CD3 in colorectal cancer giving combined effects HRs 

of: 0.45 (95% CI 0.33-0.61) for DFS in three studies(Deschoolmeester et al., 2010, Galon et 

al., 2006, Väyrynen et al., 2016), (no significant heterogeneity); 0.71 (95% CI 0.59-0.85) for 

OS in four studies(Deschoolmeester et al., 2010, Galon et al., 2006, Nosho et al., 2010, 

Väyrynen et al., 2016), (substantial heterogeneity (I2 67%; p=0.03); and 0.58 (95% CI 0.48-

0.69) for DSS in six studies(Dahlin et al., 2011, Laghi et al., 2009, Nosho et al., 2010, 

Richards et al., 2014, Väyrynen et al., 2012, Väyrynen et al., 2016), (no significant 

heterogeneity). Funnel plot did not suggest any evidence of publication bias. 
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Figure 1.5. Forest plots and funnel plots for CD3 according to DFS, OS and DSS: A) IT in 

colon cancer; B) IM in colon cancer; C) IT in colorectal cancer; D) IM in colorectal cancer  
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1.5.4.2 Immunohistochemical Staining for CD8 

CD8 (cluster of differentiation 8) is a protein that is expressed on the cell surface of  

cytotoxic T-cells, whose role is to recognise a foreign antigen presented by an antigen 

presenting cell and to bind cells expressing that antigen, inducing cell lysis and recruiting 

other immune cells with the release of cytokines(Bakshi et al., 2014). CD8 was assessed in 

62 studies in relation to survival in rectal, colon or colorectal cancer, although there were 

twelve studies whose cohorts overlapped(Anitei et al., 2014b, Teng et al., 2015a, Koelzer et 

al., 2014, Tosolini et al., 2011b, Kim et al., 2015b, Lavotshkin et al., 2015, Chen et al., 2016, 

Naito et al., 1998, Bae et al., 2011, Hanke et al., 2015, Zlobec et al., 2008a, Zlobec et al., 

2008c). There remained, therefore, 50 studies assessing CD8 in independent cohorts 

comprising a total of 12868 patients(Teng et al., 2015b, Guidoboni et al., 2001, Flaherty et 

al., 2016, Miller et al., 2017, Deschoolmeester et al., 2010, Katz et al., 2013, Väyrynen et 

al., 2016, Schweiger et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Takemoto et al., 

2004, Baeten et al., 2006, Li et al., 2018a, Berntsson et al., 2017, Katz et al., 2009, Richards 

et al., 2014, Shinto et al., 2014, Posselt et al., 2016, McCoy et al., 2017, Ogura et al., 2018, 

Chen et al., 2019b, Schollbach et al., 2019, Rosenbaum et al., 2016, Yoon et al., 2012, Prall 

et al., 2004, Menon et al., 2004, Pagès et al., 2009, Suzuki et al., 2010, Makkai-Popa et al., 

2013, Mori et al., 2015, Wei et al., 2018, Hu et al., 2018, Loddenkemper et al., 2006, Oshikiri 

et al., 2006, Salama et al., 2009, Kasajima et al., 2010, Nosho et al., 2010, Lee et al., 2013, 

Prizment et al., 2017, Sideras et al., 2018, Nazemalhosseini-Mojarad et al., 2019, Nagtegaal 

et al., 2001, Ling et al., 2014, Oberg et al., 2002, Funada et al., 2003, Chiba et al., 2004, 

Lugli et al., 2009, Matsutani et al., 2018, Correale et al., 2010, Baker et al., 2007). Of these, 

CD8 was found to be significant for longer survival in 37 studies(Teng et al., 2015b, 

Guidoboni et al., 2001, Flaherty et al., 2016, Deschoolmeester et al., 2010, Katz et al., 2013, 

Väyrynen et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Berntsson et al., 2017, Katz et 

al., 2009, Richards et al., 2014, Shinto et al., 2014, Posselt et al., 2016, Ogura et al., 2018, 
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Chen et al., 2019b, Schollbach et al., 2019, Yoon et al., 2012, Prall et al., 2004, Menon et 

al., 2004, Pagès et al., 2009, Mori et al., 2015, Hu et al., 2018, Oshikiri et al., 2006, Salama 

et al., 2009, Kasajima et al., 2010, Nosho et al., 2010, Lee et al., 2013, Prizment et al., 2017, 

Nazemalhosseini-Mojarad et al., 2019, Baker et al., 2007, Nagtegaal et al., 2001, Ling et al., 

2014, Oberg et al., 2002, Funada et al., 2003, Chiba et al., 2004, Lugli et al., 2009, Matsutani 

et al., 2018) comprising 11085 patients, whilst no significant association between CD8 and 

survival was found in 13 studies(Rosenbaum et al., 2016, McCoy et al., 2017, Correale et 

al., 2010, Miller et al., 2017, Suzuki et al., 2010, Makkai-Popa et al., 2013, Schweiger et al., 

2016, Wei et al., 2018, Takemoto et al., 2004, Loddenkemper et al., 2006, Baeten et al., 2006, 

Li et al., 2018a, Sideras et al., 2018). 

In rectal cancer, there were eleven independent studies (1749 patients) assessing CD8 and 

survival(Shinto et al., 2014, Anitei et al., 2014b, Teng et al., 2015b, Posselt et al., 2016, 

McCoy et al., 2017, Ogura et al., 2018, Chen et al., 2019b, Schollbach et al., 2019, Zlobec 

et al., 2008a, Koelzer et al., 2014, Rosenbaum et al., 2016). Nine of these (1463 patients) 

found higher CD8 density to be significant for longer survival(Shinto et al., 2014, Anitei et 

al., 2014b, Teng et al., 2015b, Posselt et al., 2016, Ogura et al., 2018, Chen et al., 2019b, 

Schollbach et al., 2019, Zlobec et al., 2008a, Koelzer et al., 2014). Seven studies (949 

patients) assessed CD8 in intratumoural compartments on pre-treatment biopsies (Shinto et 

al., 2014, Teng et al., 2015b, Posselt et al., 2016, McCoy et al., 2017, Ogura et al., 2018, 

Chen et al., 2019b, Koelzer et al., 2014). Of these, three found (497 patients) a significant 

association of CD8 in pre-treatment biopsies with survival (Teng et al., 2015b, Ogura et al., 

2018, Koelzer et al., 2014). While six studies (1269 patients) assessed CD8 in the 

intratumoural compartment of resected specimens(Shinto et al., 2014, Posselt et al., 2016, 

Ogura et al., 2018, Chen et al., 2019b, Zlobec et al., 2008a, Rosenbaum et al., 2016), of 

which four studies (804 patients) were significantly associated with longer survival(Shinto 

et al., 2014, Posselt et al., 2016, Chen et al., 2019b, Zlobec et al., 2008a). Two studies 



86 
 

assessed the combined invasive margin and intratumoural compartments for CD8 infiltration 

(162 patients), both of which were significant for survival(Anitei et al., 2014b, Schollbach 

et al., 2019). Four studies assessed CD8 infiltration in biopsies taken prior to neo-adjuvant 

therapy, in addition to post-resection specimens: of these, three studies (346 patients) found 

that CD8 levels in the resected specimen were significantly associated with survival while 

those in the biopsies were not(Shinto et al., 2014, Posselt et al., 2016, Chen et al., 2019b); 

whereas in 1 study (285 patients) found that CD8 in the biopsy associated with survival, but 

not in the resected specimen(Ogura et al., 2018). Only one study in full resection specimens 

compared more than one tumour compartment, finding ST CD8 to be significantly associated 

with survival, where IE CD8 was not(Posselt et al., 2016). Three studies used an electronic 

method of assessment(Anitei et al., 2014b, Posselt et al., 2016, McCoy et al., 2017), of which 

2 studies found CD8 to be significant for survival(Anitei et al., 2014b, Posselt et al., 2016). 

Eight studies used a manual assessment method(Shinto et al., 2014, Teng et al., 2015b, 

Ogura et al., 2018, Chen et al., 2019b, Schollbach et al., 2019, Zlobec et al., 2008a, Koelzer 

et al., 2014, Rosenbaum et al., 2016), of which 7 found CD8 to be significant for 

survival(Shinto et al., 2014, Teng et al., 2015b, Ogura et al., 2018, Chen et al., 2019b, 

Schollbach et al., 2019, Zlobec et al., 2008a, Koelzer et al., 2014). Three studies assessed 

the presence of MSI: of which 1 did not find MSI to be independently significant for 

survival(Rosenbaum et al., 2016); whereas the other 2 did not include MSI in the survival 

analysis(Zlobec et al., 2008a, Koelzer et al., 2014). Nine studies used an arbitrary 

threshold(Shinto et al., 2014, Teng et al., 2015b, Posselt et al., 2016, McCoy et al., 2017, 

Ogura et al., 2018, Chen et al., 2019b, Schollbach et al., 2019, Koelzer et al., 2014, 

Rosenbaum et al., 2016), of which 7 found CD8 to be significant for survival(Shinto et al., 

2014, Teng et al., 2015b, Posselt et al., 2016, Ogura et al., 2018, Chen et al., 2019b, 

Schollbach et al., 2019, Koelzer et al., 2014). Two studies used a data-driven threshold, both 

of which were significant for survival(Anitei et al., 2014b, Zlobec et al., 2008a). 
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Those studies meeting inclusion criteria for meta-analysis of CD8 in rectal cancer are given 

in Table 1.6 (Figure 1.6A). Three studies met inclusion criteria for meta-analysis of IT CD8. 

There was one study assessing DFS and OS, which found higher CD8 density to be 

significant for longer DFS, but not OS (HRs 0.38, 95% CI 0.14-0.99 and 0.44, 95% CI 0.13-

1.53, respectively) (Chen et al., 2019b). Two studies assessed DSS, giving a combined 

effects HR of: 0.52 (95% CI 0.39-0.69), with substantial heterogeneity (I2 73%; 

p=0.05)(Rosenbaum et al., 2016, Zlobec et al., 2008a). Funnel plot could not be interpreted 

due since there were too few studies. No studies met inclusion criteria for meta-analysis of 

IM CD8 in rectal cancer. 
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Table 1.6. Meta-analysis results for studies assessing survival (DFS, OS and DSS) in rectal 

cancer in relation to peritumoural inflammatory assessments  

Impact of study methodology on heterogeneity testing (I2 test) and overall effect 
  Overall effect Heterogeneity  
Location 
assessed 

Survival 
type 

No. of 
studies 

HR 95% CI I2 test 
(%) 

P-
value 

First Author Surname/year 

CD8 
IT DFS 1 0.38 0.14-0.99 NA  Chen 19 
 OS 1 0.44 0.13-1.53 NA  Chen 19 
 DSS 2 0.52 0.39-0.69 73 0.05 Rosenbaum, Zlobec 08a 
FoxP3 
IT DFS 1 0.72 0.56-0.93 NA  Reimers 
 OS 1 0.73 0.56-0.95 NA  Reimers 
CD56/57 
IT OS 1 0.23 0.08-0.66 NA  Alderdice 
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Figure 1.6. Forest plots and funnel plots for CD8 according to DFS, OS and DSS: A) IT in 

rectal cancer; B) IT in colon cancer; C) IM in colon cancer  
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In colon cancer, there were six independent studies (811 patients) assessing CD8 and 

survival: of which four (650 patients) found it to be significantly associated with longer 

survival(Guidoboni et al., 2001, Zlobec et al., 2008c, Flaherty et al., 2016, Yoon et al., 2012), 

whereas 2 did not(Correale et al., 2010, Miller et al., 2017), although one of these was in 

stage IV disease(Correale et al., 2010). All the studies assessing CD8 in colon cancer 

assessed the intratumoural compartment. The only study assessing both IE CD8 and ST CD8 

separately found both to be significant for survival(Yoon et al., 2012). Two studies (193 

patients) assessed CD8 at the invasive margin(Flaherty et al., 2016, Miller et al., 2017), of 

which only one (89 patients) was significant for survival(Flaherty et al., 2016). Only one 

study (89 patients) assessed CD8 on the whole slide, finding it to be significant for 

survival(Flaherty et al., 2016). This study was also the only study with significant results 

comparing intratumoural and invasive margin CD8, finding both to be significant for 

survival(Flaherty et al., 2016). Three studies used an electronic method of 

assessment(Guidoboni et al., 2001, Flaherty et al., 2016, Miller et al., 2017), of which two 

found CD8 to be significant for survival(Guidoboni et al., 2001, Flaherty et al., 2016). Three 

studies used a manual method of assessment(Zlobec et al., 2008c, Correale et al., 2010, Yoon 

et al., 2012), of which 2 found CD8 to be significant for survival(Zlobec et al., 2008c, Yoon 

et al., 2012). Four studies assessed the presence of MSI: of which 1 found IE CD8 to be 

independent of MSI(Guidoboni et al., 2001); one found ST CD8, but not IE CD8 to be 

independent of MSI(Yoon et al., 2012); one found that MSI was not significant for 

survival(Miller et al., 2017); and one excluded all MSI patients from survival 

analysis(Zlobec et al., 2008c). Four studies used an arbitrary data threshold for 

analysis(Guidoboni et al., 2001, Correale et al., 2010, Flaherty et al., 2016, Yoon et al., 2012), 

of which 3 were significant for survival(Guidoboni et al., 2001, Flaherty et al., 2016, Yoon 

et al., 2012). Two studies used a data-driven threshold(Zlobec et al., 2008c, Miller et al., 

2017), of which one was significant for survival(Zlobec et al., 2008c). 
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Those studies meeting inclusion criteria for meta-analysis of CD8 in colon cancer are given 

in Table 1.4 (Figure 1.6B&C). Three studies met inclusion criteria for meta-analysis for IT 

CD8 in colon cancer: one study assessed DFS, finding higher CD8 density to be significant 

for longer survival (HR 0.35, 95% CI 0.16-0.76),(Guidoboni et al., 2001); three studies 

assessed OS, giving a combined effects HR of: 0.58 (95% CI 0.41-0.83), with moderate 

heterogeneity (I2 34%; p=0.22),(Guidoboni et al., 2001, Miller et al., 2017, Yoon et al., 2012); 

while one assessed DSS, finding no significant difference in survival (HR 0.77, 95% CI 

0.32-1.87),(Miller et al., 2017). Funnel plot could not be assessed for publication bias due to 

small numbers. One study was included for IM CD8, which did not identify any significant 

association with OS or DSS (HRs 0.84, 95% CI 0.41-1.71 and 0.77, 95% CI 0.32-1.87, 

respectively),(Miller et al., 2017). 

In colorectal cancer, there were 44 studies assessing CD8, 38 of which (11274 patients) 

assessed independent cohorts(Nagtegaal et al., 2001, Baker et al., 2007, Prall et al., 2004, 

Menon et al., 2004, Pagès et al., 2009, Suzuki et al., 2010, Deschoolmeester et al., 2010, 

Makkai-Popa et al., 2013, Lavotshkin et al., 2015, Mori et al., 2015, Väyrynen et al., 2016, 

Schweiger et al., 2016, Wei et al., 2018, Hu et al., 2018, Kim et al., 2018, Eriksen et al., 

2018, Takemoto et al., 2004, Loddenkemper et al., 2006, Baeten et al., 2006, Oshikiri et al., 

2006, Salama et al., 2009, Kasajima et al., 2010, Nosho et al., 2010, Lee et al., 2013, Li et 

al., 2018a, Prizment et al., 2017, Berntsson et al., 2017, Sideras et al., 2018, 

Nazemalhosseini-Mojarad et al., 2019, Oberg et al., 2002, Funada et al., 2003, Chiba et al., 

2004, Lugli et al., 2009, Katz et al., 2013, Katz et al., 2009, Richards et al., 2014, Ling et al., 

2014, Matsutani et al., 2018). Twenty-six of these (9903 patients) found CD8 to be 

significant for longer survival(Nagtegaal et al., 2001, Baker et al., 2007, Prall et al., 2004, 

Menon et al., 2004, Pagès et al., 2009, Deschoolmeester et al., 2010, Mori et al., 2015, 

Väyrynen et al., 2016, Hu et al., 2018, Kim et al., 2018, Eriksen et al., 2018, Oshikiri et al., 

2006, Salama et al., 2009, Kasajima et al., 2010, Nosho et al., 2010, Lee et al., 2013, 
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Prizment et al., 2017, Berntsson et al., 2017, Nazemalhosseini-Mojarad et al., 2019, Oberg 

et al., 2002, Funada et al., 2003, Chiba et al., 2004, Lugli et al., 2009, Katz et al., 2013, Katz 

et al., 2009, Richards et al., 2014, Ling et al., 2014, Matsutani et al., 2018). Thirty-four 

independent studies (10168 patients) assessed intratumoural CD8(Nagtegaal et al., 2001, 

Lee et al., 2013, Prall et al., 2004, Menon et al., 2004, Pagès et al., 2009, Suzuki et al., 2010, 

Deschoolmeester et al., 2010, Makkai-Popa et al., 2013, Mori et al., 2015, Väyrynen et al., 

2016, Schweiger et al., 2016, Wei et al., 2018, Hu et al., 2018, Kim et al., 2018, Eriksen et 

al., 2018, Takemoto et al., 2004, Loddenkemper et al., 2006, Baeten et al., 2006, Oshikiri et 

al., 2006, Salama et al., 2009, Kasajima et al., 2010, Li et al., 2018a, Prizment et al., 2017, 

Berntsson et al., 2017, Sideras et al., 2018, Nazemalhosseini-Mojarad et al., 2019, Oberg et 

al., 2002, Chiba et al., 2004, Baker et al., 2007, Katz et al., 2013, Katz et al., 2009, Richards 

et al., 2014, Ling et al., 2014, Matsutani et al., 2018), of which 25 (8736 patients) were 

associated with longer survival(Nagtegaal et al., 2001, Prall et al., 2004, Pagès et al., 2008, 

Deschoolmeester et al., 2010, Mori et al., 2015, Väyrynen et al., 2016, Hu et al., 2018, Kim 

et al., 2018, Eriksen et al., 2018, Oshikiri et al., 2006, Salama et al., 2009, Kasajima et al., 

2010, Prizment et al., 2017, Berntsson et al., 2017, Nazemalhosseini-Mojarad et al., 2019, 

Oberg et al., 2002, Chiba et al., 2004, Baker et al., 2007, Katz et al., 2013, Katz et al., 2009, 

Richards et al., 2014, Ling et al., 2014, Matsutani et al., 2018). Of the nine studies that 

directly compared CD8 assessment in different intratumoural compartments: three studies 

(625 patients) found IE significant where ST was not(Nazemalhosseini-Mojarad et al., 2019, 

Naito et al., 1998, Deschoolmeester et al., 2010); two studies (460 patients) found ST 

significant where IE was not(Väyrynen et al., 2016, Matsutani et al., 2018); three studies 

(1294 patients) found both IE and ST to be significant(Kim et al., 2018, Richards et al., 2014, 

Ling et al., 2014); and one (291 patients) study compared IE assessment with combined 

assessment of IE and ST and found IE alone to be significant(Kasajima et al., 2010). There 

were 17 independent studies (4027 patients) that assessed CD8 at the invasive 
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margin(Nagtegaal et al., 2001, Menon et al., 2004, Pagès et al., 2009, Deschoolmeester et 

al., 2010, Makkai-Popa et al., 2013, Kim et al., 2015b, Väyrynen et al., 2016, Schweiger et 

al., 2016, Naito et al., 1998, Baeten et al., 2006, Li et al., 2018a, Sideras et al., 2018, Funada 

et al., 2003, Lugli et al., 2009, Richards et al., 2014, Ling et al., 2014, Matsutani et al., 2018), 

of which eight (2491 patients) found IM CD8 to be significant for survival(Menon et al., 

2004, Pagès et al., 2009, Kim et al., 2015b, Funada et al., 2003, Lugli et al., 2009, Richards 

et al., 2014, Ling et al., 2014, Matsutani et al., 2018). Ten studies (2271 patients) compared 

CD8 at the IM and in the intratumoural compartment: of which only one (96 patients) found 

IM CD8 to be significant for survival where intratumoural assessments were not(Menon et 

al., 2004); four studies (691 patients) found intratumoural CD8 significant where IM CD8 

was not(Naito et al., 1998, Deschoolmeester et al., 2010, Väyrynen et al., 2016, Nagtegaal 

et al., 2001); five studies (1484 patients) found both intratumoural and IM CD8 to be 

significant for survival(Pagès et al., 2009, Kim et al., 2015b, Richards et al., 2014, Ling et 

al., 2014, Matsutani et al., 2018). Four independent studies compared CD8 on the whole 

slide (combined IM and intratumoural): of which three (1335 patients) were significant for 

survival(Pagès et al., 2009, Nosho et al., 2010, Ling et al., 2014); and one was not significant, 

but this study was small with only 35 patients(Lavotshkin et al., 2015). Fifteen independent 

studies (5475 patients) used an electronic method of assessment(Pagès et al., 2009, Makkai-

Popa et al., 2013, Lavotshkin et al., 2015, Väyrynen et al., 2016, Kim et al., 2018, Eriksen 

et al., 2018, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Li et al., 2018a, Prizment 

et al., 2017, Berntsson et al., 2017, Sideras et al., 2018, Katz et al., 2009, Katz et al., 2013), 

of which 11 (4949 patients) found CD8 to be significant for survival(Pagès et al., 2009, 

Väyrynen et al., 2016, Kim et al., 2018, Eriksen et al., 2018, Salama et al., 2009, Nosho et 

al., 2010, Lee et al., 2013, Prizment et al., 2017, Berntsson et al., 2017, Katz et al., 2009, 

Katz et al., 2013). Twenty-two independent studies (5534 patients) used a manual method 

of assessment(Nagtegaal et al., 2001, Prall et al., 2004, Menon et al., 2004, Suzuki et al., 
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2010, Deschoolmeester et al., 2010, Mori et al., 2015, Schweiger et al., 2016, Wei et al., 

2018, Hu et al., 2018, Takemoto et al., 2004, Loddenkemper et al., 2006, Baeten et al., 2006, 

Oshikiri et al., 2006, Kasajima et al., 2010, Nazemalhosseini-Mojarad et al., 2019, Oberg et 

al., 2002, Funada et al., 2003, Chiba et al., 2004, Baker et al., 2007, Richards et al., 2014, 

Ling et al., 2014, Matsutani et al., 2018), of which 16 (4689 patients) found CD8 to be 

significant for survival(Nagtegaal et al., 2001, Prall et al., 2004, Menon et al., 2004, 

Deschoolmeester et al., 2010, Mori et al., 2015, Hu et al., 2018, Oshikiri et al., 2006, 

Kasajima et al., 2010, Nazemalhosseini-Mojarad et al., 2019, Oberg et al., 2002, Funada et 

al., 2003, Chiba et al., 2004, Baker et al., 2007, Richards et al., 2014, Ling et al., 2014, 

Matsutani et al., 2018). Eighteen independent studies assessed the presence of MSI: of which 

4 found CD8 to be independent of MSI(Nazemalhosseini-Mojarad et al., 2019, Prall et al., 

2004, Ling et al., 2014, Matsutani et al., 2018); five found MSI to be not significant for 

survival(Salama et al., 2009, Wei et al., 2018, Eriksen et al., 2018, Takemoto et al., 2004, 

Chiba et al., 2004); three found that CD8 was not independent of MSI on multivariate 

analysis(Deschoolmeester et al., 2010, Väyrynen et al., 2016, Berntsson et al., 2017); and 

six did not include MSI in multivariate analysis(Menon et al., 2004, Mori et al., 2015, Hu et 

al., 2018, Kim et al., 2018, Prizment et al., 2017, Lugli et al., 2009). Twenty-five studies 

(6853 patients) used an arbitrary data threshold(Prall et al., 2004, Menon et al., 2004, Suzuki 

et al., 2010, Deschoolmeester et al., 2010, Makkai-Popa et al., 2013, Mori et al., 2015, 

Schweiger et al., 2016, Wei et al., 2018, Kim et al., 2018, Eriksen et al., 2018, Takemoto et 

al., 2004, Loddenkemper et al., 2006, Baeten et al., 2006, Salama et al., 2009, Kasajima et 

al., 2010, Nosho et al., 2010, Lee et al., 2013, Prizment et al., 2017, Sideras et al., 2018, 

Nazemalhosseini-Mojarad et al., 2019, Funada et al., 2003, Chiba et al., 2004, Richards et 

al., 2014, Ling et al., 2014, Matsutani et al., 2018), of which 17 (5936 patients) found CD8 

to be significant for survival(Prall et al., 2004, Menon et al., 2004, Deschoolmeester et al., 

2010, Mori et al., 2015, Kim et al., 2018, Eriksen et al., 2018, Salama et al., 2009, Kasajima 
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et al., 2010, Nosho et al., 2010, Lee et al., 2013, Prizment et al., 2017, Nazemalhosseini-

Mojarad et al., 2019, Funada et al., 2003, Chiba et al., 2004, Richards et al., 2014, Ling et 

al., 2014, Matsutani et al., 2018). Seven studies used a data-driven threshold, all of which 

found CD8 to be significant for survival(Pagès et al., 2009, Väyrynen et al., 2016, Hu et al., 

2018, Berntsson et al., 2017, Lugli et al., 2009, Katz et al., 2013, Katz et al., 2009). The 

threshold method was unclear for 5 studies(Nagtegaal et al., 2001, Lavotshkin et al., 2015, 

Li et al., 2018a, Oberg et al., 2002, Oshikiri et al., 2006). 

Those studies meeting inclusion criteria for meta-analysis of CD8 in colorectal cancer are 

given in Table 1.5 (Figure 1.7). Twenty-two studies met inclusion criteria for meta-analysis 

of IT CD8 in colorectal cancer, giving combined effects HRs of: 0.46 (95% CI 0.39-0.54) 

for DFS in eight studies(Chen et al., 2016, Deschoolmeester et al., 2010, Eriksen et al., 2018, 

Kim et al., 2018, Mori et al., 2015, Prall et al., 2004, Tosolini et al., 2011b, Väyrynen et al., 

2016), (moderate heterogeneity, I2 48%; p=0.06); 0.63 (95% CI 0.58-0.67) for OS in fifteen 

studies(Berntsson et al., 2017, Chen et al., 2016, Deschoolmeester et al., 2010, Eriksen et al., 

2018, Kasajima et al., 2010, Kim et al., 2018, Naito et al., 1998, Nazemalhosseini-Mojarad 

et al., 2019, Nosho et al., 2010, Oshikiri et al., 2006, Pagès et al., 2009, Prizment et al., 2017, 

Salama et al., 2009, Väyrynen et al., 2016, Zlobec et al., 2008b), (substantial heterogeneity, 

I2 65%; p<0.001); and 0.62 (95% CI 0.56-0.69) for DSS in nine studies(Baker et al., 2007, 

Chiba et al., 2004, Ling et al., 2014, Nosho et al., 2010, Pagès et al., 2009, Prall et al., 2004, 

Prizment et al., 2017, Richards et al., 2014, Väyrynen et al., 2016), (substantial heterogeneity, 

I2 73%; p<0.001). The funnel plot revealed no significant publication bias, although one 

study in particular was seen as an outlier for DFS, OS and DSS(Pagès et al., 2009).  

Eight studies met inclusion criteria for meta-analysis of IM CD8 in colorectal cancer, giving 

combined effects HRs of: 0.50 (95% CI 0.40-0.62) for DFS in four studies(Deschoolmeester 

et al., 2010, Kim et al., 2015b, Tosolini et al., 2011b, Väyrynen et al., 2016), (no significant 

heterogeneity); 0.62 (95% CI 0.51-0.75) for OS in four studies(Deschoolmeester et al., 2010, 
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Kim et al., 2015b, Nosho et al., 2010, Väyrynen et al., 2016), (substantial heterogeneity, I2 

58%; p=0.05); and 0.53 (95% CI 0.45-0.63) for DSS in five studies(Lugli et al., 2009, 

Matsutani et al., 2018, Nosho et al., 2010, Richards et al., 2014, Väyrynen et al., 2016), 

(substantial heterogeneity, I2 53%; p=0.05). The funnel plot did not suggest any significant 

publication bias. There is one small left-sided outlier skewing results and heterogeneity for 

DSS, although curiously only for one of the two populations in the same study(Matsutani et 

al., 2018). Exclusion of this outlying population resulted in no significant heterogeneity for 

DSS, data not shown. 
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Figure 1.7. Forest plots and funnel plots for CD8 according to DFS, OS and DSS: A) IT in 

colorectal cancer; B) IM in colorectal cancer  

 

  



98 
 

1.5.4.3 Immunohistochemical Staining for CD4 

CD4 (cluster of differentiation 4) is a protein that is expressed on the cell surface of helper 

T-cells, , although it is expressed to a lesser degree by other immune cells and therefore is 

not entirely helper T-cell specific(Mak and Saunders, 2006). CD4 T-cells play a considerable 

role in anti-cancer immunity with both cytotoxic capabilities and roles in recruitment and 

priming both cytotoxic T-cells and recruiting B-cells to the tumour microenvironment(Borst 

et al., 2018). There were fifteen studies on CD4 and rectal or colorectal cancer survival, but 

the cohort in one overlapped with another(Wei et al., 2018), leaving fourteen independent 

studies comprising 2726 patients(Teng et al., 2015a, Nagtegaal et al., 2001, Menon et al., 

2004, Katz et al., 2013, Katz et al., 2009, Makkai-Popa et al., 2013, Lavotshkin et al., 2015, 

Chen et al., 2016, Kasajima et al., 2010, Chen and Chen, 2014, Li et al., 2018a, Canna et al., 

2005, Ling et al., 2014, Matsutani et al., 2018). One of these (62 patients) assessed survival 

in rectal cancer but did not meet inclusion criteria for meta-analysis. They assessed pre-

treatment biopsies but did not find IT CD4 to be significant for survival(Teng et al., 2015a). 

The remaining thirteen independent studies (2664 patients) assessed CD4 in colorectal 

cancer: of which six studies (1471 patients) found CD4 to be significantly associated with 

longer survival(Katz et al., 2013, Katz et al., 2009, Chen et al., 2016, Kasajima et al., 2010, 

Canna et al., 2005, Ling et al., 2014); while the 7 remaining studies (1193 patients) found 

no association between CD4 and survival(Nagtegaal et al., 2001, Menon et al., 2004, 

Makkai-Popa et al., 2013, Lavotshkin et al., 2015, Chen and Chen, 2014, Li et al., 2018a, 

Matsutani et al., 2018). Eleven studies assessed intratumoural CD4(Nagtegaal et al., 2001, 

Menon et al., 2004, Katz et al., 2013, Katz et al., 2009, Makkai-Popa et al., 2013, Chen et 

al., 2016, Kasajima et al., 2010, Li et al., 2018a, Canna et al., 2005, Ling et al., 2014, 

Matsutani et al., 2018), of which six found it to be significant for survival(Katz et al., 2013, 

Katz et al., 2009, Chen et al., 2016, Kasajima et al., 2010, Canna et al., 2005, Ling et al., 

2014). None of the 5 studies assessing CD4 at the invasive margin, nor the 2 studies assessing 
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CD4 on the whole slide found any significant association with survival(Nagtegaal et al., 

2001, Menon et al., 2004, Makkai-Popa et al., 2013, Lavotshkin et al., 2015, Chen and Chen, 

2014, Li et al., 2018a, Matsutani et al., 2018). There were no studies with significant findings 

that compared CD4 in different tumour regions. Six studies used an electronic method of 

assessment(Katz et al., 2013, Katz et al., 2009, Makkai-Popa et al., 2013, Lavotshkin et al., 

2015, Li et al., 2018a, Chen et al., 2016), of which 3 found CD4 to be significant for 

survival(Katz et al., 2013, Katz et al., 2009, Chen et al., 2016). Seven studies used a manual 

method of CD4 assessment(Nagtegaal et al., 2001, Menon et al., 2004, Kasajima et al., 2010, 

Canna et al., 2005, Ling et al., 2014, Chen and Chen, 2014, Matsutani et al., 2018), of which 

3 found it to be significant for survival(Kasajima et al., 2010, Canna et al., 2005, Ling et al., 

2014). Four studies assessed the presence of MSI: of which 2 found CD4 to be independent 

of MSI for survival(Ling et al., 2014, Matsutani et al., 2018); one did not find MSI to be 

significant for survival(Wei et al., 2018); and one did not include MSI in multivariate 

analysis(Menon et al., 2004). Seven studies used an arbitrary data threshold(Menon et al., 

2004, Makkai-Popa et al., 2013, Wei et al., 2018, Kasajima et al., 2010, Canna et al., 2005, 

Ling et al., 2014, Matsutani et al., 2018), of which 3 found CD4 to be significant for 

survival(Kasajima et al., 2010, Canna et al., 2005, Ling et al., 2014). Three studies used a 

data-driven threshold, all of which were significant for survival(Katz et al., 2013, Katz et al., 

2009, Chen et al., 2016). The data threshold method was unclear for 4 studies(Nagtegaal et 

al., 2001, Lavotshkin et al., 2015, Chen and Chen, 2014, Li et al., 2018a). 

Those studies meeting inclusion criteria for meta-analysis of CD4 in colorectal cancer are 

given in Table 1.5. Three studies met inclusion criteria for meta-analysis for IT CD4: one 

assessed DFS finding a significant survival benefit (HR 0.55; 95% CI: 0.32-0.96), (Chen et 

al., 2016); two assessed OS, giving a combined effects HR of 0.64 (95% CI: 0.42-0.97), (no 

significant heterogeneity),(Chen et al., 2016, Kasajima et al., 2010); and one assessed DSS 

finding a significant survival benefit (HR 0.64; 95% CI: 0.41-0.99), (Ling et al., 2014). There 
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were too few papers to give meaningful results from funnel plot analysis. No studies 

reporting IM CD4 were included in meta-analysis. There were no studies identified 

addressing CD4 in colon cancer. 
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Figure 1.8. Forest plot and funnel plot for IT CD4 according to DFS, OS and DSS in 

colorectal cancer  
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1.5.4.4 Immunohistochemical Staining for CD45RO 

CD45RO (cluster of differentiation 45, isoform RO) is a protein that is expressed on the cell 

surface of effector memory T-cells, after they have matured from naïve memory T-cells 

(isoform RA). The role of the effector memory T-cell is to enact a swift response to a 

recognised foreign antigen(Sallusto et al., 1999). CD45RO has largely been studied in this 

context. However, it may also be expressed by B-cells and to a lesser degree by other 

immune cells and therefore is not entirely specific to effector memory T-cells(Mahnke et al., 

2013, Dawes et al., 2006, Zhou and Tedder, 1996). 

There were fifteen studies assessing CD45RO and survival in rectal, colon or colorectal 

cancer, one of which had an overlapping cohort(Peng et al., 2010), leaving 14 independent 

studies comprising 4235 patients(Kim et al., 2015b, Chen et al., 2016, Koelzer et al., 2014, 

Schweiger et al., 2016, Katz et al., 2009, Richards et al., 2014, Pagès et al., 2009, Makkai-

Popa et al., 2013, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Oberg et al., 2002, 

Lee et al., 2010, Wang et al., 2015b). Twelve studies found CD45RO to be associated with 

better survival, but only eleven (3992 patients) of these were independent(Wang et al., 2015b, 

Koelzer et al., 2014, Lee et al., 2010, Pagès et al., 2009, Kim et al., 2015b, Chen et al., 2016, 

Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Oberg et al., 2002, Richards et al., 

2014). 

In rectal cancer, there were two studies (263 patients) assessing CD45RO, both finding it to 

be significantly associated with survival: one of which performed a manual assessment of 

CD45RO in pre-treatment biopsies(Koelzer et al., 2014), the other an electronic assessment 

in post-resection specimens(Wang et al., 2015b). Neither study compared CD45RO in more 

than one tumour region. One assessed the presence of MSI but did not include this in 

multivariate analysis(Koelzer et al., 2014). Both studies used an arbitrary data threshold. 

Neither study met inclusion criteria for meta-analysis in rectal cancer. 



103 
 

In colon cancer, there were two studies (166 patients) assessing intratumoural CD45RO, 

both finding it to be significantly associated with survival: one of which used a manual 

method(Peng et al., 2010), while the other used an electronic counting method(Lee et al., 

2010). Neither study assessed the invasive margin, nor the presence of MSI. Both studies 

used an arbitrary data threshold. Neither met inclusion criteria for meta-analysis of CD45RO 

in colon cancer. 

In colorectal cancer, there were 11 studies (3885 patients) assessing CD45RO and 

survival(Pagès et al., 2009, Makkai-Popa et al., 2013, Kim et al., 2015b, Chen et al., 2016, 

Schweiger et al., 2016, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Oberg et al., 

2002, Katz et al., 2009, Richards et al., 2014), of which 8 studies (3642 patients) found a 

significant association with survival(Pagès et al., 2009, Kim et al., 2015b, Chen et al., 2016, 

Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Oberg et al., 2002, Richards et al., 

2014). In those not primarily assessing stage IV disease (3590 patients), 7 out of 8 studies 

reported longer survival for those with high CD45RO(Pagès et al., 2009, Kim et al., 2015b, 

Chen et al., 2016, Salama et al., 2009, Nosho et al., 2010, Oberg et al., 2002, Richards et al., 

2014), with only 1 small study (27 patients) reporting no significant survival 

association(Makkai-Popa et al., 2013). Ten studies assessed intratumoural CD45RO(Pagès 

et al., 2009, Makkai-Popa et al., 2013, Kim et al., 2015b, Chen et al., 2016, Schweiger et al., 

2016, Salama et al., 2009, Lee et al., 2013, Oberg et al., 2002, Katz et al., 2009, Richards et 

al., 2014), of which seven found it to be associated with survival(Pagès et al., 2009, Kim et 

al., 2015b, Chen et al., 2016, Salama et al., 2009, Lee et al., 2013, Oberg et al., 2002, 

Richards et al., 2014). The only study comparing CD45RO in more than one intratumoural 

compartment found both IE and ST CD45RO to be significantly associated with 

survival(Richards et al., 2014). Five studies assessed CD45RO at the invasive margin(Pagès 

et al., 2009, Schweiger et al., 2016, Lee et al., 2013, Richards et al., 2014, Kim et al., 2015b), 

of which 4 found it to be significant for survival(Pagès et al., 2009, Kim et al., 2015b, Lee 
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et al., 2013, Richards et al., 2014). Of the 4 studies that compared assessment at the invasive 

margin with intratumoural assessment, all found that both areas were associated with better 

survival(Pagès et al., 2009, Kim et al., 2015b, Lee et al., 2013, Richards et al., 2014). Two 

studies performed a combined assessment of the full slide (invasive margin and 

intratumoural) and both found CD45RO to be significantly associated with survival(Pagès 

et al., 2009, Nosho et al., 2010). Eight studies used an electronic method of assessment(Pagès 

et al., 2009, Makkai-Popa et al., 2013, Kim et al., 2015b, Chen et al., 2016, Salama et al., 

2009, Nosho et al., 2010, Lee et al., 2013, Katz et al., 2009), of which 6 found CD45RO to 

be significant for survival(Pagès et al., 2009, Kim et al., 2015b, Chen et al., 2016, Salama et 

al., 2009, Nosho et al., 2010, Lee et al., 2013). Of the 3 studies using a manual assessment 

method: two found CD45RO to be significant for survival(Oberg et al., 2002, Richards et 

al., 2014), whereas one did not(Schweiger et al., 2016). Two studies assessed the presence 

of MSI, but neither included it in multivariate analysis(Salama et al., 2009, Kim et al., 2015b). 

Seven studies used an arbitrary data threshold(Makkai-Popa et al., 2013, Kim et al., 2015b, 

Schweiger et al., 2016, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Richards et 

al., 2014), of which 5 found CD45RO to be significantly associated with survival(Kim et al., 

2015b, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Richards et al., 2014). Three 

studies used a data-driven threshold(Pagès et al., 2009, Chen et al., 2016, Katz et al., 2009) 

and 2 of these found CD45RO to be associated with survival(Chen et al., 2016, Pagès et al., 

2009). Data threshold method was unclear in one study(Oberg et al., 2002). 

Those studies meeting inclusion criteria for meta-analysis of CD45RO in colorectal cancer 

are given in Table 1.5 (Figure 1.9). There were six studies in colorectal cancer assessing IT 

CD45RO, giving combined fixed effects HRs of 0.52 (95% CI 0.40-0.69) for DFS in 3 

studies(Chen et al., 2016, Kim et al., 2015b, Pagès et al., 2009), (substantial heterogeneity, 

I2 83%; p=0.003); 0.53 (95% CI 0.61-0.75) for OS in 5 studies(Chen et al., 2016, Kim et al., 

2015b, Nosho et al., 2010, Pagès et al., 2009, Salama et al., 2009), (substantial heterogeneity, 
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I2 78%; p=0.001); and 0.53 (95% CI 0. 0.44-0.64) for DSS in 3 studies(Nosho et al., 2010, 

Pagès et al., 2009, Richards et al., 2014), (substantial heterogeneity, I2 83%; p=0.002). As 

with CD8, the IT CD45RO funnel plot revealed no significant publication bias, although one 

study in particular was seen as an outlier for DFS, OS and DSS(Pagès et al., 2009), skewing 

results to the left and removal of this study from meta-analysis resulted in a large fall in the 

heterogeneity to 0%, 51% and 70% for DFS, OS and DSS, respectively (data not shown). 

There were three studies in colorectal cancer assessing IM CD45RO. One study assessed 

DFS finding IM CD45RO significant for longer DFS (HR 0.42, 95% CI 0.33-0.54) (Kim et 

al., 2015b), whilst for OS and DSS combined fixed effects HRs were 0.51 (95% CI 0.42-

0.63) for OS in 2 studies(Kim et al., 2015b, Nosho et al., 2010), (substantial heterogeneity, 

I2 77%; p=0.01); and 0.57 (95% CI 0.47-0.68) for DSS in 2 studies(Nosho et al., 2010, 

Richards et al., 2014), (substantial heterogeneity, I2 70%; p=0.07). Funnel plot contained 

too few studies to give meaningful data regarding publication bias, although the plot was 

narrow indicating larger studies with similar results. 
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Figure 1.9. Forest plots and funnel plots for CD45RO according to DFS, OS and DSS: A) 

IT in colorectal cancer; B) IM in colorectal cancer  
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1.5.4.5 Immunohistochemical Staining for FoxP3 

FoxP3 (Forkhead box protein P3) is commonly expressed by regulatory T-cells(Colamatteo 

et al., 2019). A large body of research has been performed on regulatory T-cells in a variety 

of cancers as well as non-neoplastic research. Due to the fact that their function is to regulate 

the immune system by suppressing T-cell activity, thereby preventing overactivity and 

autoimmunity(Spence et al., 2015), their presence in and around colorectal cancer may be 

expected to be a poor prognostic indicator as some have hypothesised(Suzuki et al., 2010). 

Some have gone as far as to say that they may support tumorigenesis(Pastille et al., 2019, 

Suzuki et al., 2010).  

Thirty-four studies were identified that assessed rectal, colon or colorectal cancer prognosis 

related to FoxP3 expression in TILs, but there were three overlapping cohorts(McCoy et al., 

2017, Sinicrope et al., 2009, Hanke et al., 2015), leaving 31 independent studies (7991 

patients)(Kim et al., 2015b, Suzuki et al., 2010, Katz et al., 2013, Zeestraten et al., 2013, 

Lavotshkin et al., 2015, Mori et al., 2015, Schweiger et al., 2016, Loddenkemper et al., 2006, 

Lee et al., 2013, Chen and Chen, 2014, Sideras et al., 2018, Shinto et al., 2014, McCoy et 

al., 2015, Chen et al., 2016, Väyrynen et al., 2016, Salama et al., 2009, Nosho et al., 2010, 

Xu et al., 2013, Vlad et al., 2015, Wang et al., 2015a, Berntsson et al., 2017, Frey et al., 2010, 

Ling et al., 2014, Richards et al., 2014, Lee et al., 2010, Correale et al., 2010, Yoon et al., 

2012, Miller et al., 2017, Markl et al., 2017, Reimers et al., 2014, Posselt et al., 2016). 

Twenty-one studies found FoxP3 to be associated with longer survival, but only twenty 

(6774 patients) of these were independent(Kim et al., 2015b, Chen et al., 2016, Väyrynen et 

al., 2016, Salama et al., 2009, Nosho et al., 2010, Lee et al., 2013, Xu et al., 2013, Vlad et 

al., 2015, Wang et al., 2015a, Berntsson et al., 2017, Frey et al., 2010, Ling et al., 2014, 

Richards et al., 2014, Lee et al., 2010, Correale et al., 2010, Yoon et al., 2012, Miller et al., 

2017, Markl et al., 2017, Reimers et al., 2014, Posselt et al., 2016), compared with 2 studies 

(218 patients) finding FoxP3 to have a detrimental impact on survival(Xu et al., 2013, 
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McCoy et al., 2015), one of which had both positive and negative findings(Xu et al., 2013). 

Twelve studies found no impact of FoxP3 expression on survival(Suzuki et al., 2010, Katz 

et al., 2013, Zeestraten et al., 2013, Lavotshkin et al., 2015, Mori et al., 2015, Schweiger et 

al., 2016, Loddenkemper et al., 2006, Chen and Chen, 2014, Sideras et al., 2018, Sinicrope 

et al., 2009, Shinto et al., 2014, McCoy et al., 2017). 

In rectal cancer, there were four independent studies (840 patients) assessing FoxP3: of 

which two (631 patients) found a positive association with survival(Reimers et al., 2014, 

Posselt et al., 2016); one (128 patients) found a negative association with survival(McCoy 

et al., 2015); and one found no association(Shinto et al., 2014). Three studies assessed FoxP3 

in pre-treatment biopsies: of which only one (153 patients) found it to have a significant 

positive association with survival(Posselt et al., 2016); while the other two found no 

association(Shinto et al., 2014, McCoy et al., 2017). Four studies assessed the intratumoural 

compartment of post-resection specimens: of which one study found a significant positive 

association with survival(Reimers et al., 2014); one found a significant negative 

association(McCoy et al., 2015); and two found no significant association(Shinto et al., 2014, 

Posselt et al., 2016). One study assessed FoxP3 in both pre-treatment biopsies and post-

resection specimens, finding its presence in the biopsy to be significant for better survival, 

whereas there was no survival significance of FoxP3 in the resected specimen(Posselt et al., 

2016). Of the two studies that assessed the same cohort: one assessed FoxP3 in pre-treatment 

biopsies, finding no significant association with survival(McCoy et al., 2017), whereas in 

the resected specimen, there was a significant negative association of the presence of FoxP3 

with survival(McCoy et al., 2015). No groups assessed the invasive margin or the whole 

tumour slide for FoxP3 in rectal cancer. Two independent studies used an electronic method 

of assessment and a data-driven threshold, of which one (128 patients) found a negative 

impact of FoxP3 infiltration in the resected tumour on survival(McCoy et al., 2015), whereas 

one (153 patients) found a positive impact of FoxP3 in the pre-treatment biopsy on 
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survival(Posselt et al., 2016). Two studies used a manual method of assessment and arbitrary 

threshold, of which one (81 patients) found no significant impact on survival in pre-treatment 

biopsy or resected specimen(Shinto et al., 2014), whereas one (478 patients) found a 

significant positive impact of FoxP3 on the resected specimen(Reimers et al., 2014). No 

studies assessed the presence of MSI. 

Only one study met inclusion criteria for meta-analysis of IT FoxP3 in rectal cancer (Table 

1.6, Figure 1.10), finding a significant association with longer DFS and OS (HRs 0.72, 95% 

CI 0.56-0.93 and 0.73, 95% CI 0.56-0.95, respectively)(Reimers et al., 2014). 

In colon cancer, there were five independent studies (540 patients) assessing FoxP3, all of 

which found a positive association with survival(Lee et al., 2010, Correale et al., 2010, Yoon 

et al., 2012, Miller et al., 2017, Markl et al., 2017). Four of these assessed the intratumoural 

compartments(Yoon et al., 2012, Correale et al., 2010, Lee et al., 2010, Miller et al., 2017) 

and two assessed the invasive margin(Miller et al., 2017, Markl et al., 2017). The only study 

(104 patients) assessing both intratumoural compartments and the invasive margin found 

that IT FoxP3 was significant for longer survival, whereas IM FoxP3 was not 

significant(Miller et al., 2017). However, the other study of IM FoxP3 (136 patients) found 

that this was significant for longer survival(Markl et al., 2017). None of the studies assessed 

FoxP3 in the whole slide in colon cancer. Three studies used an electronic method of 

assessment(Lee et al., 2010, Correale et al., 2010, Miller et al., 2017), whereas two used a 

manual assessment method(Yoon et al., 2012, Markl et al., 2017). Three studies assessed the 

presence of MSI: of which one found the presence of FoxP3 to be independent of MSI(Yoon 

et al., 2012); one found that MSI was not significant for survival(Miller et al., 2017); and 

one found that FoxP3 was not independent of MSI(Markl et al., 2017). Three studies used 

arbitrary data thresholds(Lee et al., 2010, Correale et al., 2010, Yoon et al., 2012), while two 

used data-driven thresholds(Miller et al., 2017, Markl et al., 2017). 
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Two studies met inclusion criteria for meta-analysis of IT FoxP3 in colon cancer (Table 1.4, 

Figure 1.10). One study assessed DFS finding no significant survival association (HR 1.23, 

95%CI: 0.72-2.13) (Sinicrope et al., 2009); two studies assessed OS with a combined fixed 

effects HR of 0.91 (95% CI 0.59-1.40), (substantial heterogeneity, I2 86%; p=0.008)  for OS 

in 2 studies(Miller et al., 2017, Sinicrope et al., 2009); and one assessed DSS, finding a 

significant association with longer survival (HR 1.28, 95%CI: 0.12-0.66) (Miller et al., 2017). 

The funnel plot was wide and one reason for this is that some of the results tended towards 

poorer survival and some towards better survival. No comment can be made regarding 

publication bias since the number of studies was too few. 

In colorectal cancer, twenty-two independent studies (6611 patients) assessed survival 

association with FoxP3(Suzuki et al., 2010, Katz et al., 2013, Zeestraten et al., 2013, Kim et 

al., 2015b, Lavotshkin et al., 2015, Mori et al., 2015, Chen et al., 2016, Väyrynen et al., 2016, 

Schweiger et al., 2016, Loddenkemper et al., 2006, Salama et al., 2009, Nosho et al., 2010, 

Lee et al., 2013, Xu et al., 2013, Chen and Chen, 2014, Vlad et al., 2015, Wang et al., 2015a, 

Berntsson et al., 2017, Sideras et al., 2018, Frey et al., 2010, Ling et al., 2014, Richards et 

al., 2014): of which thirteen (5603 patients) found it to be significant for survival(Lee et al., 

2013, Kim et al., 2015b, Chen et al., 2016, Väyrynen et al., 2016, Salama et al., 2009, Nosho 

et al., 2010, Xu et al., 2013, Vlad et al., 2015, Wang et al., 2015a, Berntsson et al., 2017, 

Frey et al., 2010, Ling et al., 2014, Richards et al., 2014). Nineteen independent studies 

(5220 patients) assessed intratumoural FoxP3(Suzuki et al., 2010, Katz et al., 2013, 

Zeestraten et al., 2013, Kim et al., 2015b, Mori et al., 2015, Chen et al., 2016, Väyrynen et 

al., 2016, Schweiger et al., 2016, Loddenkemper et al., 2006, Salama et al., 2009, Lee et al., 

2013, Xu et al., 2013, Vlad et al., 2015, Wang et al., 2015a, Berntsson et al., 2017, Sideras 

et al., 2018, Frey et al., 2010, Ling et al., 2014, Richards et al., 2014), of which eleven studies 

(4898 patients) were significantly associated with survival(Chen et al., 2016, Väyrynen et 

al., 2016, Salama et al., 2009, Lee et al., 2013, Xu et al., 2013, Vlad et al., 2015, Wang et 
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al., 2015a, Berntsson et al., 2017, Frey et al., 2010, Ling et al., 2014, Richards et al., 2014). 

One of these papers found both negative and positive influence on survival depending on 

whether FoxP3 T-cells were found in the intraepithelial compartment or combined 

intraepithelial and stromal compartments, respectively(Xu et al., 2013). There was only one 

other study with significant results that assessed more than one intratumoural compartment 

for FoxP3, finding that both IE and ST FoxP3 were significant for longer survival(Richards 

et al., 2014). Six independent studies (1597 patients) assessed FoxP3 at the invasive 

margin(Kim et al., 2015b, Väyrynen et al., 2016, Ling et al., 2014, Richards et al., 2014, 

Schweiger et al., 2016, Sideras et al., 2018), with a positive survival association in four 

studies comprising 1281 patients(Kim et al., 2015b, Väyrynen et al., 2016, Ling et al., 2014, 

Richards et al., 2014). Of the three studies with significant findings that assessed both 

intratumoural FoxP3 and at the invasive margin, all found the presence of FoxP3 to be 

associated with better survival, regardless of tumour compartment assessed(Väyrynen et al., 

2016, Richards et al., 2014, Ling et al., 2014). Four studies performed a combined 

assessment of FoxP3 at the invasive margin and intratumoural(Lavotshkin et al., 2015, Ling 

et al., 2014, Nosho et al., 2010, Chen and Chen, 2014), of which 2 found a significant 

positive association with survival(Nosho et al., 2010, Ling et al., 2014). Eleven studies (3822 

patients) used an electronic method of assessment(Kim et al., 2015b, Katz et al., 2013, 

Lavotshkin et al., 2015, Chen et al., 2016, Väyrynen et al., 2016, Salama et al., 2009, Nosho 

et al., 2010, Lee et al., 2013, Vlad et al., 2015, Berntsson et al., 2017, Sideras et al., 2018), 

of which eight (3336 patients) found a significant association of FoxP3 with longer 

survival(Kim et al., 2015b, Chen et al., 2016, Väyrynen et al., 2016, Salama et al., 2009, 

Nosho et al., 2010, Lee et al., 2013, Vlad et al., 2015, Berntsson et al., 2017). Eleven studies 

(2789 patients) used a manual method of assessment(Xu et al., 2013, Suzuki et al., 2010, 

Zeestraten et al., 2013, Mori et al., 2015, Schweiger et al., 2016, Loddenkemper et al., 2006, 

Chen and Chen, 2014, Wang et al., 2015a, Frey et al., 2010, Ling et al., 2014, Richards et 
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al., 2014), of which five (2267 patients) found a significant effect of FoxP3 on survival(Xu 

et al., 2013, Wang et al., 2015a, Frey et al., 2010, Ling et al., 2014, Richards et al., 2014), 

one of which was both positive and negative(Xu et al., 2013). Eight studies assessed the 

presence of MSI: of which one found FoxP3 to be independent of MSI(Ling et al., 2014); 

two found MSI not to be independently significant for survival(Zeestraten et al., 2013, 

Salama et al., 2009); one study assessed FoxP3 in MSI and MSS subgroups separately and 

found FoxP3 to be significant in the MSS subgroup(Frey et al., 2010); two studies did not 

include MSI in multivariate analysis(Kim et al., 2015b, Mori et al., 2015); and two studies 

found that FoxP3 was not independent of MSI for survival(Väyrynen et al., 2016, Berntsson 

et al., 2017). Fifteen independent studies (4040 patients) used arbitrary data 

thresholds(Suzuki et al., 2010, Zeestraten et al., 2013, Kim et al., 2015b, Mori et al., 2015, 

Schweiger et al., 2016, Loddenkemper et al., 2006, Salama et al., 2009, Nosho et al., 2010, 

Lee et al., 2013, Xu et al., 2013, Vlad et al., 2015, Wang et al., 2015a, Sideras et al., 2018, 

Ling et al., 2014, Richards et al., 2014), of which nine studies (3357 patients) found a 

significant association with survival(Kim et al., 2015b, Salama et al., 2009, Nosho et al., 

2010, Lee et al., 2013, Xu et al., 2013, Vlad et al., 2015, Wang et al., 2015a, Ling et al., 

2014, Richards et al., 2014). Five studies (2434 patients) used data-driven thresholds(Katz 

et al., 2013, Chen et al., 2016, Väyrynen et al., 2016, Berntsson et al., 2017, Frey et al., 2010), 

four of which (2246 patients) were associated with longer survival(Chen et al., 2016, 

Väyrynen et al., 2016, Berntsson et al., 2017, Frey et al., 2010). For two studies (137 

patients), the data threshold method was unclear(Lavotshkin et al., 2015, Chen and Chen, 

2014). 

Those studies meeting inclusion criteria for meta-analysis of FoxP3 in colorectal cancer are 

given in Table 1.5 (Figure 1.10). There were five studies in colorectal cancer assessing IT 

FoxP3 giving combined fixed effects HRs of 0.52 (95% CI 0.36-0.77) for DFS in 2 

studies(Chen et al., 2016, Väyrynen et al., 2016), (no significant heterogeneity); 0.72 (95% 
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CI 0.65-0.80) for OS in 4 studies(Chen et al., 2016, Nosho et al., 2010, Salama et al., 2009, 

Väyrynen et al., 2016), (substantial heterogeneity, I2 77%; p=0.004); and 0.47 (95% CI 0.37-

0.61) for DSS in 3 studies(Nosho et al., 2010, Richards et al., 2014, Väyrynen et al., 2016), 

(no significant heterogeneity). Funnel plot appeared to be skewed to the left indicating a bias 

against smaller studies with no significant difference in survival outcome. There were three 

studies in colorectal cancer assessing IM FoxP3. One study assessed DFS finding IM FoxP3 

significant for longer DFS (HR 0.42, 95% CI 0.19-0.93) (Väyrynen et al., 2016), whilst for 

OS and DSS combined fixed effects HRs were 0.47 (95% CI 0.35-0.63) for OS in 2 

studies(Nosho et al., 2010, Väyrynen et al., 2016), (no significant heterogeneity); and 0.57 

(95% CI 0.46-0.70) for DSS in 3 studies(Nosho et al., 2010, Richards et al., 2014, Väyrynen 

et al., 2016), (substantial heterogeneity, I2 63%; p=0.07). Funnel plot contained too few 

studies to comment on publication bias. 
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Figure 1.10. Forest plots and funnel plots for FoxP3 according to DFS, OS and DSS: A) IT 

in rectal cancer; B) IT in colon cancer; C) IT in colorectal cancer; D) IM in colorectal cancer  
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1.5.4.6 The “Immunoscore” 

The Immunoscore® (HalioDx) is a patented score and a trademark of Inserm developed by 

Galon et al. over the last two decades(VERACYTE, 2019, Pagès et al., 2009, Pagès et al., 

2018, Anitei et al., 2014b, Mlecnik et al., 2011, Galon et al., 2006). The score involves an 

electronic assessment of the presence of two T-cell markers in the intratumoural 

compartments or “tumour centre” (IE+ST) and at the IM giving 4 parameters, dichotomised 

in each region and for each cell type with a ROC curve into high or low. One point is assigned 

to each parameter scoring “high” and these points are added together to give a maximum 

score of 4 and a minimum of 0(Pagès et al., 2009). The original score used CD3 and 

CD45RO(Galon et al., 2006) as the two immune markers. Over time this evolved to use a 

combination of CD45RO and CD8(Pagès et al., 2009, Mlecnik et al., 2011), but was 

subsequently modified again to use CD3 and CD8(Anitei et al., 2014b, Pagès et al., 2018). 

This latter combination has been validated in a large international consortium with 2681 

patients(Pagès et al., 2018). The score can be performed on either TMA(Pagès et al., 2009, 

Galon et al., 2006, Mlecnik et al., 2011, Anitei et al., 2014b) or whole sections(Pagès et al., 

2018, Kirilovsky et al., 2016). This work has been replicated by other groups: some using 

the same software(Wirta et al., 2017), others using alternative electronic cell counting 

software(Markl et al., 2016, Wang et al., 2018, Yomoda et al., 2019, Nearchou et al., 2019), 

and others performing a manual assessment using the immunoscore method(Richards et al., 

2014, Park et al., 2016a). Still others have adapted the score with additional items in the case 

of stage IV disease such as the addition of a Granzyme B marker (an additional marker of 

cytotoxic T-cell activation)(Halama et al., 2011), assessment of CD3 and CD8 in the tumour 

metastasis as well as the primary(Kwak et al., 2016, Liu et al., 2018) or addition of CD163 

(an M2 macrophage marker)(Kwak et al., 2016), since stage IV disease is not effectively 

stratified by the immunoscore alone(Galon et al., 2006). In total, fourteen studies assessed a 

version of the Immunoscore in rectal, colon or colorectal cancer, although three studies had 
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overlapping populations(Anitei et al., 2014b, Pagès et al., 2009, Park et al., 2016a), leaving 

eleven independent studies comprising 4624 patients(Pagès et al., 2018, Markl et al., 2016, 

Mlecnik et al., 2011, Halama et al., 2011, Wirta et al., 2017, Wang et al., 2018, Yomoda et 

al., 2019, Kwak et al., 2016, Liu et al., 2018, Richards et al., 2014, Nearchou et al., 2019), 

of which only one (60 patients with stage IV disease) found no significant association with 

survival(Liu et al., 2018). 

In rectal cancer, one study (83 patients) assessed the Immunoscore, which was significant 

for survival(Anitei et al., 2014b). They used an electronic method, counting CD3- and CD8-

stained cells, and a data-driven threshold. MSI was not assessed and they used the original 

5 group split(Anitei et al., 2014b). This study did not meet inclusion criteria for meta-

analysis. 

There were two studies (2827 patients) in colon cancer(Pagès et al., 2018, Markl et al., 2016), 

both of which were significant for longer survival. Both studies assessed primary colon 

cancer, although there were issues in one study with scoring CD8 in the tumour centre, 

leaving a total score of 3(Markl et al., 2016). Both studies used an electronic method of 

assessment, although one used the patented software(Pagès et al., 2018) and the other used 

freeware(Markl et al., 2016). Both studies assessed the presence of MSI: one found 

Immunoscore to be independent of MSI(Pagès et al., 2018); the other was unclear since they 

used a forward stepwise model for multivariate analysis(Markl et al., 2016). One study used 

an arbitrary threshold(Pagès et al., 2018), whilst the other used a data-driven threshold(Markl 

et al., 2016).  

One study met inclusion criteria for meta-analysis (Table 1.4) for immunoscore in colon 

cancer and this was significant for DFS and OS (HRs 0.63, 95% CI 0.52-0.75 and 0.70, 95% 

CI 0.58-0.84, respectively)(Pagès et al., 2018). 
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In colorectal cancer, two groups used overlapping cohorts(Pagès et al., 2009, Park et al., 

2016a), leaving nine independent studies comprising 1,797 patients(Mlecnik et al., 2011, 

Halama et al., 2011, Wirta et al., 2017, Wang et al., 2018, Yomoda et al., 2019, Kwak et al., 

2016, Liu et al., 2018, Richards et al., 2014, Nearchou et al., 2019). Only one of these studies 

was not significant for survival and this was a small study of 60 patients with stage IV 

disease(Liu et al., 2018). There were four studies assessing the efficacy of the Immunoscore 

in metastatic disease, all of whom adapted the immunoscore to suit: two groups assessed the 

immunoscore only on liver metastases(Halama et al., 2011, Wang et al., 2018), one of whom 

added Granzyme B as a third marker in addition to CD3 and CD8(Halama et al., 2011); the 

other two assessed the immunoscore in the primary tumour centre, invasive margin and in 

the metastasis(Kwak et al., 2016, Liu et al., 2018); one of these also added in assessment of 

CD163 (as an M2 macrophage marker) in the primary in addition to the immunoscore(Kwak 

et al., 2016). Eight used an electronic method of assessment(Mlecnik et al., 2011, Halama et 

al., 2011, Wirta et al., 2017, Wang et al., 2018, Yomoda et al., 2019, Kwak et al., 2016, Liu 

et al., 2018, Nearchou et al., 2019), although two of these used freeware(Wang et al., 2018, 

Yomoda et al., 2019). One group used a manual method of assessment(Richards et al., 2014). 

Three groups assessed the presence of MSI: of which one found Immunoscore to be 

independent of MSI(Wirta et al., 2017); one found that MSI was not significant for 

survival(Park et al., 2016a); and one had only MSS tumours(Halama et al., 2011). Three 

studies employed an arbitrary data threshold method(Wang et al., 2018, Yomoda et al., 2019, 

Richards et al., 2014). Five studies employed data-driven thresholds, including the study that 

did not find a significant difference(Mlecnik et al., 2011, Wirta et al., 2017, Kwak et al., 

2016, Liu et al., 2018, Nearchou et al., 2019). One study’s data threshold method was 

unclear(Halama et al., 2011). Three groups used the originally proposed 5-category method 

of splitting cases(Mlecnik et al., 2011, Wirta et al., 2017, Richards et al., 2014); whereas the 



118 
 

remaining six dichotomised the data to give a high vs low score(Halama et al., 2011, Wang 

et al., 2018, Yomoda et al., 2019, Kwak et al., 2016, Liu et al., 2018, Nearchou et al., 2019). 

Those studies meeting inclusion criteria for meta-analysis of Immunoscore in colorectal 

cancer are given in Table 1.5 (Figure 1.11). There were five studies in colorectal cancer 

assessing Immunoscore, giving combined fixed effects HRs of 0.49 (95% CI 0. 0.41-0.58) 

for DFS in 3 studies(Mlecnik et al., 2011, Pagès et al., 2009, Wirta et al., 2017), (substantial 

heterogeneity, I2 91%; p<0.001); 0.61 (95% CI 0.53-0.70) for OS in 3 studies(Mlecnik et al., 

2011, Pagès et al., 2009, Wirta et al., 2017), (substantial heterogeneity, I2 89%; p<0.001); 

and 0.47 (95% CI 0.39-0.55) for DSS in 5 studies(Mlecnik et al., 2011, Pagès et al., 2009, 

Wirta et al., 2017, Park et al., 2016a, Nearchou et al., 2019), (substantial heterogeneity, I2 

86%; p<0.001). Funnel plot assessment was performed which showed that publications were 

significantly skewed to the left, with no studies showing no significant difference and the 

plot itself was wide indicating large variations in results. One study in particular was 

identified as an outlier(Pagès et al., 2009). 
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Figure 1.11. Forest plot and funnel plot for Immunoscore in colorectal cancer according to 

DFS, OS and DSS  

  



120 
 

1.5.4.7 Immunohistochemical Staining for CD20 

CD20 (Cluster of differentiation 20) is a generic B-cell marker, whose role in anti-tumour 

pathophysiology is to interact with T-cells in co-ordinating the host defence by producing 

cytokines and chemokines in order to mount an immune response by recruiting/activating 

T-cells and acting as antigen presenting cells(Nelson, 2010, Tsou et al., 2016). Furthermore, 

mature B-cells produce antibodies directed against foreign entities(Nelson, 2010, Tsou et al., 

2016). They tend to form tertiary lymphoid structures or lymphoid aggregates in colorectal 

cancer(Väyrynen et al., 2014), but are also found infiltrating the tumour itself(Baeten et al., 

2006, Li et al., 2018a). 

There were six independent studies (1491 patients) staining for CD20 in colorectal 

cancer(Bindea et al., 2013, Meshcheryakova et al., 2014, Chen et al., 2016, Baeten et al., 

2006, Berntsson et al., 2016, Li et al., 2018a), of which five (1374 patients) found higher 

CD20 expression to be significant for longer survival(Bindea et al., 2013, Meshcheryakova 

et al., 2014, Chen et al., 2016, Berntsson et al., 2016, Li et al., 2018a). Four papers assessed 

CD20 in the intratumoural compartments(Chen et al., 2016, Baeten et al., 2006, Berntsson 

et al., 2016, Li et al., 2018a), of which three found a significant association with longer 

survival(Chen et al., 2016, Berntsson et al., 2016, Li et al., 2018a). Two papers assessed 

CD20 at the invasive margin(Meshcheryakova et al., 2014, Baeten et al., 2006), of which 

only one was significant for longer survival(Meshcheryakova et al., 2014). One study 

assessed CD20 on the whole slide (intratumoural as well as at the invasive margin) and this 

was significant for longer survival(Bindea et al., 2013). There were no studies with 

significant findings comparing more than one tumour compartment. Four studies used an 

electronic method of assessment, all of which were significant for survival(Bindea et al., 

2013, Meshcheryakova et al., 2014, Chen et al., 2016, Li et al., 2018a). Two studies used a 

manual method of assessment(Baeten et al., 2006, Berntsson et al., 2016), of which one was 

significant for survival(Berntsson et al., 2016). Only one study assessed the presence of MSI 
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but neither included it in multivariate analysis(Berntsson et al., 2016). Two studies used an 

arbitrary data threshold(Baeten et al., 2006, Li et al., 2018a), of which one was significant 

for survival(Li et al., 2018a). Three used a data-driven threshold, all of which were 

significant for survival(Bindea et al., 2013, Chen et al., 2016, Berntsson et al., 2016). The 

data threshold method was unclear in one study(Meshcheryakova et al., 2014). 

Those studies meeting inclusion criteria for meta-analysis of CD20 in colorectal cancer are 

given in Table 1.5 (Figure 1.12). There were three studies in colorectal cancer assessing IT 

CD20. One study assessed DFS finding IT CD20 significant for longer DFS (HR 0.62, 95% 

CI 0.40-0.96)(Chen et al., 2016), while two studies assessed OS giving a combined fixed 

effects HR of 0.66 (95% CI 0.52-0.89)(Berntsson et al., 2016, Chen et al., 2016), (no 

significant heterogeneity). Funnel plot provided no meaningful data regarding publication 

bias given small numbers. 
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Figure 1.12. Forest plot and funnel plot for IT CD20 in colorectal cancer according to DFS 

and OS  
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1.5.4.8 Immunohistochemical Staining for Natural Killer Cell Markers 

CD56 (Cluster of differentiation 56) and CD57 (Cluster of differentiation 57) are proteins 

commonly expressed on the surface of natural killer (NK) cells(Van Acker et al., 2017, 

Nielsen et al., 2013, Lopez-Verges et al., 2010), whose role as part of the innate immune 

system is to induce cell lysis although they may also have an immunoregulatory role(Vivier 

et al., 2008). CD56 is a more generic NK cell marker and can potentially also be expressed 

on other immune cells(Van Acker et al., 2017), whereas CD57 is a mature NK cell marker 

and is suggestive of terminal differentiation(Lopez-Verges et al., 2010). 

One study (149 patients) assessed NK cells in rectal cancer, finding increased density to be 

associated with survival in the post-resection specimen(Alderdice et al., 2017). They 

measured intratumoural CD56 using an electronic method and an arbitrary data threshold. 

All the patients in this study were MSS. This study met inclusion criteria for meta-analysis 

(Table 1.6) and was significant for longer OS (HR 0.23, 95% CI 0.08-0.66)(Alderdice et al., 

2017). 

There were six studies (934 patients) in colorectal cancer(Coca et al., 1997, Chen et al., 2016, 

Nagtegaal et al., 2001, Menon et al., 2004, Tachibana et al., 2005, Liska et al., 2012), of 

which five (802 patients) were significant for longer survival(Coca et al., 1997, Chen et al., 

2016, Menon et al., 2004, Tachibana et al., 2005, Liska et al., 2012). All six studies assessed 

the intratumoural compartments, of which four found intratumoural NK cells to be 

significant for survival(Coca et al., 1997, Chen et al., 2016, Tachibana et al., 2005, Liska et 

al., 2012). Two studies assessed NK cells at the invasive margin(Nagtegaal et al., 2001, 

Menon et al., 2004), one of which found a significant effect on survival(Menon et al., 2004). 

Only one paper with significant findings assessed NK cells in more than one tumour 

compartment, finding that their presence at the invasive margin was significant for survival, 

whereas their presence within the tumour was not(Menon et al., 2004). However, four other 

studies assessing intratumoural NK cells found their presence to be significant for longer 
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survival(Coca et al., 1997, Chen et al., 2016, Tachibana et al., 2005, Liska et al., 2012). All 

the studies in NK cells in colorectal cancer used a manual method of assessment apart from 

one, which used an electronic method(Chen et al., 2016). Only one study assessed the 

presence of MSI but did not include it in multivariate analysis(Menon et al., 2004). Two 

studies used an arbitrary data threshold, both of which were significant for survival(Coca et 

al., 1997, Menon et al., 2004). Two studies used a data-driven threshold, both of which were 

significant for survival(Tachibana et al., 2005, Chen et al., 2016). The threshold method was 

unclear for the remaining two studies(Nagtegaal et al., 2001, Liska et al., 2012). When 

broken down by antibody markers, neither of the papers assessing CD56 in colorectal cancer 

found any significant difference in survival(Nagtegaal et al., 2001, Menon et al., 2004), 

although the study in rectal cancer found the presence of CD56 positive cells to be associated 

with longer survival(Alderdice et al., 2017). All the studies assessing CD57 found a higher 

expression of CD57 to be significant for longer survival(Menon et al., 2004, Coca et al., 

1997, Chen et al., 2016, Liska et al., 2012). The only paper comparing CD56 and CD57 

staining in colorectal cancer found CD57 to be significant for longer survival, where CD56 

was not(Menon et al., 2004). This suggests that CD57, which is believed to be suggestive of 

terminal differentiation(Lopez-Verges et al., 2010) is a more sensitive prognostic marker in 

colorectal cancer than CD56. One group stained for intratumoural Va24, a cell surface 

protein chain expressed on activated NK cells, which was also associated with longer 

survival(Tachibana et al., 2005). 

Those studies meeting inclusion criteria for meta-analysis of CD57/Va24 in colorectal 

cancer are given in Table 1.5 (Figure 1.13). There were two studies in colorectal cancer 

assessing IT CD57/Va24, giving combined fixed effects HRs of 0.47 (95% CI 0.28-0.78) for 

DFS in 2 studies(Chen et al., 2016, Tachibana et al., 2005), (substantial heterogeneity, I2 

71%; p=0.06); and 0.48 (95% CI 0.28-0.84) for OS in 2 studies(Chen et al., 2016, Tachibana 

et al., 2005), (no significant heterogeneity). Funnel plot did not add meaningful data 



125 
 

regarding publication bias since numbers were too few. No studies met inclusion criteria for 

meta-analysis of IM CD56/57/Va24.  

 

Figure 1.13. Forest plot and funnel plot for IT CD57/Va24 in colorectal cancer according to 

DFS and OS  
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1.5.4.9  Immunohistochemical Staining for Macrophage Populations 

As part of the innate immune response, macrophages play a main role in phagocytosis and 

antigen presentation. They have been implicated in anti-tumour defence and T-cell 

recruitment(Pernot et al., 2014), but have also been implicated in a pro-tumour 

role(Shibutani et al., 2017a) and some have been shown to the express the immune 

checkpoint protein CD274 or Programmed death ligand 1(Lazarus et al., 2018), believed to 

play a role in tumour immune resistance(Gurjao et al., 2019). CD68 is a generic macrophage 

marker, whereas CD163 and CD206 are believed to be markers more specific to M2 tumour 

associated macrophages that have been linked with worse survival outcomes(Feng et al., 

2019). There were twenty-two studies overall in colon or colorectal cancer although one 

study had an overlapping population(Edin et al., 2012), leaving twenty-one independent 

studies comprising 4879 patients(Feng et al., 2019, Herrera et al., 2013, Makkai-Popa et al., 

2013, Väyrynen et al., 2016, Chen et al., 2016, Shibutani et al., 2017a, Li et al., 2018b, Li et 

al., 2018a, Kim et al., 2018, Lackner et al., 2004, Tan et al., 2005, Baeten et al., 2006, 

Nagorsen et al., 2007, Gulubova et al., 2013, Koelzer et al., 2016, Ding et al., 2018, Oberg 

et al., 2002, Funada et al., 2003, Forssell et al., 2007, Zlobec et al., 2011, Algars et al., 2012). 

Of these, eleven studies (2038 patients) found that higher infiltration of macrophages were 

associated with a better prognosis(Väyrynen et al., 2016, Chen et al., 2016, Lackner et al., 

2004, Tan et al., 2005, Nagorsen et al., 2007, Gulubova et al., 2013, Koelzer et al., 2016, 

Oberg et al., 2002, Forssell et al., 2007, Zlobec et al., 2011, Algars et al., 2012), compared 

with five studies (1965 patients) finding a worse prognosis(Feng et al., 2019, Herrera et al., 

2013, Shibutani et al., 2017a, Kim et al., 2018, Ding et al., 2018). 

In colon cancer, two studies (1070 patients) assessed macrophage markers and survival. One 

study of 835 patients assessed CD68 and CD206(Feng et al., 2019). CD68 assessment in the 

intratumoural stromal compartment was not associated with survival, whereas CD206 was 

associated with worse survival(Feng et al., 2019). The other study assessed CD163 in the 



127 
 

intratumoural stromal compartment, which was associated with worse survival(Herrera et 

al., 2013). One used an electronic assessment method and a data-driven threshold(Feng et 

al., 2019), whereas the other used a manual method and an arbitrary threshold(Herrera et al., 

2013). Neither paper assessed the invasive margin. Both assessed the presence of MSI: one 

found that MSI was not significant for survival(Feng et al., 2019); the other did not include 

MSI in survival analysis(Herrera et al., 2013). Neither study met criteria for inclusion in 

meta-analysis. 

Sixteen independent studies (3528 patients) assessed CD68 in colorectal cancer: of which 

ten (1998 patients) were associated with an improved outcome(Väyrynen et al., 2016, Chen 

et al., 2016, Lackner et al., 2004, Tan et al., 2005, Koelzer et al., 2016, Gulubova et al., 2013, 

Oberg et al., 2002, Zlobec et al., 2011, Forssell et al., 2007, Algars et al., 2012), one (654 

patients) was associated with a worse outcome(Kim et al., 2018) and five (876 patients) 

found no difference(Makkai-Popa et al., 2013, Li et al., 2018a, Baeten et al., 2006, Li et al., 

2018b, Funada et al., 2003). The single study identifying an association of higher CD68 

expression with worse survival assessed the expression in the IE and ST compartments 

separately, finding that the presence of CD68 in the IE compartment impacted negatively on 

survival, whereas CD68 in the ST compartment made no difference to survival(Kim et al., 

2018). However, another three studies also measured CD68 in the IE compartment: of which 

two studies (187 patients) found no difference to survival(Lackner et al., 2004, Baeten et al., 

2006); while one (201 patients) found it to be associated with improved survival(Koelzer et 

al., 2016). Twelve studies in total assessed intratumoural CD68(Makkai-Popa et al., 2013, 

Väyrynen et al., 2016, Chen et al., 2016, Li et al., 2018b, Li et al., 2018a, Kim et al., 2018, 

Lackner et al., 2004, Tan et al., 2005, Baeten et al., 2006, Gulubova et al., 2013, Koelzer et 

al., 2016, Oberg et al., 2002, Algars et al., 2012), of which five (796 patients) found it to be 

associated with better survival(Chen et al., 2016, Tan et al., 2005, Koelzer et al., 2016, Oberg 

et al., 2002, Algars et al., 2012), whereas one found it to be associated with worse survival, 
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as already mentioned(Kim et al., 2018). Eight studies assessed CD68 at the invasive margin: 

of which five found it to be associated with better survival(Väyrynen et al., 2016, Lackner 

et al., 2004, Gulubova et al., 2013, Forssell et al., 2007, Zlobec et al., 2011), compared with 

3 that identified no survival association(Makkai-Popa et al., 2013, Baeten et al., 2006, 

Funada et al., 2003). Of the three studies that assessed CD68 both intratumoural and at the 

invasive margin, all found the invasive margin to be significantly associated with better 

survival, whereas intratumoural measurement was not significant(Väyrynen et al., 2016, 

Gulubova et al., 2013, Lackner et al., 2004). Five studies used an electronic method of 

assessment(Makkai-Popa et al., 2013, Väyrynen et al., 2016, Chen et al., 2016, Kim et al., 

2018, Li et al., 2018a), of which two found CD68 to be associated with better 

survival(Väyrynen et al., 2016, Chen et al., 2016) and one with worse survival(Kim et al., 

2018). Eleven studies used a manual assessment method(Li et al., 2018b, Lackner et al., 

2004, Tan et al., 2005, Baeten et al., 2006, Gulubova et al., 2013, Koelzer et al., 2016, Oberg 

et al., 2002, Funada et al., 2003, Forssell et al., 2007, Zlobec et al., 2011, Algars et al., 2012), 

of which all were associated with improved survival apart from three(Li et al., 2018a, Baeten 

et al., 2006, Funada et al., 2003). Four studies assessed the presence of MSI: of which one 

found CD68 to be associated with better survival, independent of MSI(Zlobec et al., 2011); 

one found that CD68 was not independent of MSI(Väyrynen et al., 2016); while two did not 

include MSI in multivariate analysis(Kim et al., 2018, Koelzer et al., 2016). Eleven studies 

used an arbitrary data threshold(Makkai-Popa et al., 2013, Li et al., 2018b, Koelzer et al., 

2016, Tan et al., 2005, Gulubova et al., 2013, Kim et al., 2018, Oberg et al., 2002, Funada 

et al., 2003, Forssell et al., 2007, Zlobec et al., 2011, Algars et al., 2012), of which only three 

found no impact on survival(Makkai-Popa et al., 2013, Li et al., 2018b, Funada et al., 2003). 

Two studies used a data-driven threshold, both of which found a significant association of 

CD68 with survival(Väyrynen et al., 2016, Chen et al., 2016). The data threshold method 
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was unclear for the other three studies(Lackner et al., 2004, Baeten et al., 2006, Li et al., 

2018a).  

Those studies meeting inclusion criteria for meta-analysis of CD68 in colorectal cancer are 

given in Table 1.5 (Figure 1.14). There were six studies in colorectal cancer assessing IT 

CD68, giving combined fixed effects HRs of 1.21 (95% CI 0.95-1.55) for DFS in 3 

studies(Chen et al., 2016, Kim et al., 2018, Väyrynen et al., 2016), (substantial heterogeneity, 

I2 81%; p=0.005); 0.91 (95% CI 0.75-1.11) for OS in 5 studies(Chen et al., 2016, Gulubova 

et al., 2013, Kim et al., 2018, Koelzer et al., 2016, Väyrynen et al., 2016), (substantial 

heterogeneity, I2 77%; p=0.002); and 0.58 (95% CI 0. 0.38-0.89) for DSS in 2 

studies(Väyrynen et al., 2016, Algars et al., 2012), (no significant heterogeneity). The funnel 

plot revealed most results to be grouped towards a positive influence of CD68 on survival, 

apart from a single large study indicating a negative effect on survival(Kim et al., 2018), 

which skews data to the right.  There were three studies in colorectal cancer assessing IM 

CD68. One study assessed DFS and DSS finding IM CD68 significant for longer survival 

(HRs 0.43, 95% CI 0.19-0.96 and 0.40, 95% CI 0.20-0.81, respectively), (Väyrynen et al., 

2016), whilst for OS the combined fixed effects HR was 0.48 (95% CI 0.36-0.64) for OS in 

3 studies(Gulubova et al., 2013, Li et al., 2018a, Väyrynen et al., 2016), (moderate 

heterogeneity, I2 48%; p=0.15). Funnel plot revealed no useful data given small numbers. 

Six studies (1540 patients) assessed CD163 in colorectal cancer, of which two (508 patients) 

found it to be associated with an improved survival outcome(Nagorsen et al., 2007, Edin et 

al., 2012), two (241 patients) were associated with a worse outcome(Shibutani et al., 2017a, 

Ding et al., 2018), and two found no association with survival(Kim et al., 2018, Koelzer et 

al., 2016). Four studies assess intratumoural CD163(Kim et al., 2018, Nagorsen et al., 2007, 

Koelzer et al., 2016, Ding et al., 2018), of which one found it to be associated with better 

survival(Nagorsen et al., 2007) and one found it to be associated with worse survival(Ding 

et al., 2018), while the other two studies found no significant difference in survival outcomes. 
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Two studies assessed IM CD163, of which one was associated with worse survival(Shibutani 

et al., 2017a), while the other was associated with better survival(Edin et al., 2012). There 

were no studies that compared CD163 at the invasive margin versus intratumoural.  Two 

studies used an electronic assessment method: one was associated with worse survival(Ding 

et al., 2018) and one was not associated with survival(Kim et al., 2018). Four studies used a 

manual assessment(Shibutani et al., 2017a, Nagorsen et al., 2007, Koelzer et al., 2016, Edin 

et al., 2012), of which two were associated with better survival(Nagorsen et al., 2007, Edin 

et al., 2012), while one was associated with worse survival(Shibutani et al., 2017a). Three 

studies assessed the presence of MSI, but none of them included this in survival 

analysis(Kim et al., 2018, Koelzer et al., 2016, Edin et al., 2012). All six studies used an 

arbitrary threshold apart from one that used a data driven threshold(Ding et al., 2018).  

No studies on IT CD163/206 met inclusion criteria for meta-analysis. Two studies for IM 

CD163 were included in meta-analysis for colorectal cancer (Table 1.6, Figure 1.14): one 

assessed DFS finding a significantly worse survival outcome (HR 3.68, 95% CI 1.74-7.82), 

(Shibutani et al., 2017a); the other assessed DSS, with no significant survival difference (HR 

0.66, 95% CI 0.42-1.05), but a trend towards better survival(Edin et al., 2012). 

Two studies compared CD68 and CD163 stained cells(Kim et al., 2018, Koelzer et al., 2016). 

Both found CD68 to be significant for survival, where CD163 was not. However, one (654 

patients) found CD68 was associated with worse survival(Kim et al., 2018), but the other 

one (201 patients) better(Koelzer et al., 2016). A further group studied the same population 

(468 patients) in two separate studies, one looking at CD68(Forssell et al., 2007) and the 

other at CD163(Edin et al., 2012), but they found that both cell subtypes were associated 

with better survival. 
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Figure 1.14. Forest plots and funnel plots for macrophage markers in colorectal cancer 

according to DFS, OS and DSS: A) IT  CD68; B) IM CD68; C) IM CD163 
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1.5.5 Discussion and Conclusion 

1.5.5.1 Discussion 

The complex nature of the interaction between the tumour and host immune system has long 

been investigated. The findings from this meta-analysis show that, on the whole, a strong 

local inflammatory response is a positive prognostic indicator. Conversely, lack of a co-

ordinated local inflammatory response results in a poor outcome. 

The main aim of this review was to present evidence for survival outcomes based on 

assessment of the local inflammatory response in colorectal cancer. As a result, a secondary 

aim was to determine whether any particular inflammatory assessment had superior 

prognostic value, enabling a step towards incorporating assessment of the immune 

microenvironment in colorectal cancer into clinical practice.  

In the past, some have advocated that not only the density of the local inflammatory response, 

but also the subtype of cells present and the location of these cells within the tumour 

microenvironment hold equal prognostic information(Galon et al., 2006, Pagès et al., 2008, 

Algars et al., 2012). However, in terms of cell type, the results of the meta-analysis presented 

show similar fixed effects summaries regardless of cell type assessed, with the exception of 

FoxP3 and macrophages. Furthermore, the fixed effects summaries are similar regardless of 

whether an H&E assessment method or IHC for a specific cell subtype is employed. For 

example, the fixed effects summary of KM for DSS in CRC was 0.40 (95% CI 0.29-0.55) 

compared with that of intratumoural CD3 (0.59, 95% CI 0.50-0.70) and CD8 (0.62, 95% CI 

0.56-0.69), although there were twice the number the studies for CD3 and thrice the number 

of studies for CD8. 

In terms of location of inflammatory cells, combined effects models were similar regardless 

of whether intratumoural assessment or assessment at the invasive margin were performed. 

In addition, those studies that compared IT assessment with IM did not agree on whether the 
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presence of inflammatory cells in one compartment conveyed superior survival advantage 

over the other. For example, of the 10 studies assessing CD8 in both intratumoural 

compartments (IT) and at the invasive margin (IM): 5 found both compartments to be 

significant for survival; 4 found higher IT CD8 significant, whereas IM was not; while 1 

found higher IM CD8 significant, while IT was not. 

When considering FoxP3 regulatory T-cells and macrophages, even these cell subtypes are 

associated with improved survival on the whole, but there does appear to be more 

heterogeneity in the literature regarding their positive or negative influence on survival 

outcomes. The negative impact of FoxP3 on survival has been attributed to the regulatory 

nature of this T-cell subset in dampening the effects of cytotoxic T-lymphocytes(Spence et 

al., 2015). In the case of macrophages, the negative prognostic effect has been attributed to 

the protumour effects of the “M2 macrophage” phenotype(Shibutani et al., 2017a, De Palma 

and Lewis, 2013). Indeed, Väyrynen et al have since published work suggesting that the ratio 

of M1:M2 macrophages is more important that the density of M2 macrophages or M1 

macrophages, but that high density of M2 macrophages still associates with worse 

survival(Väyrynen et al., 2021). Both macrophages and cells expressing FoxP3 immune cell 

subsets may therefore be implicated in the immunoediting process that enables tumours to 

develop and evade or escape the host immunosurveillance(Dunn et al., 2004). 

The fact that most, if not all of the inflammatory cells assessed contribute to an improved 

survival outcome indicates that it is the density of a healthy, functional and co-ordinated 

immune response of all cell types that drive an effective anti-tumour response(Nielsen et al., 

1999, Richards et al., 2014). Conversely, it might be said that no cell type acting in isolation 

could effectively oppose tumour growth and metastasis. Hence those tumours with higher 

densities of infiltrating immune cells are associated with earlier stage, both in terms of depth 

of invasion and lymphatic and haematogenous spread(Richards et al., 2014, Pagès et al., 

2008). 
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However, the question remains as to which method of assessing peritumoural inflammatory 

response is optimal in colorectal cancer. If concordance could be achieved regarding a 

universal assessment method, then an inflammatory assessment could be incorporated into 

the colorectal cancer dataset to compliment TNM staging and other clinicopathological 

variables and guide the most appropriate postoperative management for each patient. This 

issue is especially important given the increasing use of immunotherapies in identifying 

which patients would derive greatest benefit. 

The most studied immune cell subtypes and therefore those with the greatest combined 

evidence behind their use are CD8, CD3 and FoxP3. FoxP3, given the heterogeneity in terms 

of survival outcomes is less ideal for a generalised marker of the anti-tumour immune 

response. Not only have the utilities of CD3 and CD8 individually been shown for colorectal 

cancer, both markers were associated with better prognosis when present in colon cancer 

and rectal cancer as well. Furthermore, the presence of CD3 and CD8 in preoperative 

biopsies was associated with better prognosis(Teng et al., 2015b, Ogura et al., 2018, Koelzer 

et al., 2014). 

There are arguments, however, for the use of a simple H&E based method like the Klintrup-

Mäkinen grade. Firstly, it is a validated method with similar fixed effects summaries to IHC 

methods. In agreement with this statement, Väyrynen et al. found that higher peri- and intra-

tumoural densities of CD3, CD8, CD68, CD83, FoxP3 and neutrophils in CRC correlated 

with higher KM grade(Väyrynen et al., 2013). This finding was also shown in study 

validating the GMS, where higher CD3 and CD8 correlated strongly with strong 

KM(Alexander et al., 2020c). Secondly, KM is cost-effective, using routinely assessed slides 

in clinical pathology with no requirement for special stains. Therefore, in terms of global 

healthcare equity, the accessible nature of this method means that it would be available to 

all, regardless of a country’s income status, across the globe(Beaglehole and Bonita, 2010). 

Having said this, there were fewer studies reporting this method and as a result the evidence 
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is less robust. There was also an element of interobserver variability reported in the published 

literature.  

Similarly, CLR is able to stratify prognosis. However, with few studies investigating its 

prognostic role, coupled with the range of methods that have been used to assess CLR, in 

addition to the variability in thresholds used, the pooled evidence for CLR is weak. The same 

could also be said for TILs counted on H&E, CD4, CD45RO, CD20, and NK cell markers. 

All of these assessments had an overall positive survival effect, but the evidence was not 

strong enough to make any recommendations. 

Furthermore, if an IHC method was preferred, the next question would be to agree a 

standardised assessment approach. There are those who have advocated for digital pathology 

and the use of patented software to achieve a standardised method with excellent 

reproducibility(Pagès et al., 2018). However, the rationale for this approach hinges on the 

fact that it matters which tumour compartment the inflammatory cells are found in, but the 

published literature displayed here does not support this theory. Furthermore, the 

incorporation of this method of assessment into routine clinical practice necessitates not only 

that all colorectal cancer cases are assessed in pathology laboratories with digital pathology 

facilities, but also that the patented software is purchased on a global scale. In addition, there 

is evidence of significant publication bias regarding the immunoscore, although the recent 

large prospective consortium trial provides high quality evidence that it does stratify 

survival(Pagès et al., 2018). 

There are a range of methods of quantifying the extent of infiltration of CD3 and CD8, from 

semiquantitative scoring and manual counts to digital image analysis and automated 

counting. Around half of the studies included in meta-analysis for both CD3 and CD8 used 

a manual assessment and this did not impair their ability to identify those with a higher 

inflammatory infiltrate, which would suggest that an electronic assessment is not essential 

to the implementation of an IHC-based method of assessing host anti-tumour immune 
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response in routine clinical practice. The only study to directly compare manual and 

electronic assessment of IHC for CD3 found a good intraclass correlation co-efficient 

between manual and automated cell counting(Väyrynen et al., 2012). 

MSI is a known confounding factor in colorectal cancer for any inflammatory assessment 

due to the greater inflammatory response that these tumours stimulate, a feature that has been 

attributed to greater quantities of neo-antigen generation(Wagner et al., 2018). Having said 

this, nearly half of the included studies did not assess for the presence of MSI and even less 

included this in multivariate analysis. However, in many studies MSI was not found to 

influence survival and in those where it did, there were several studies that showed that the 

survival benefit offered by a strong anti-tumour immune response was independent of MSI. 

In the same way as patients with MSI and stage II disease are unlikely to require adjuvant 

therapy(Kawakami et al., 2015), those with a dense local inflammatory response would 

theoretically be offered similar protection. 

1.5.5.2 Conclusion 

Based on the weight of published evidence available, there was consensus from the 

published literature that the local inflammatory response was associated with longer survival. 

There did not appear to be any superiority of the use of IHC assessment of individual (or 

combined) inflammatory cells over the use of simple H&E-based local inflammatory cell 

scoring systems. It seemed reasonable, therefore, to take the Klintrup-Mäkinen grade 

forward in terms of its applicability to clinical practice. 
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1.6 ASSESSMENT OF THE MESENCHYMAL PHENOTYPE 

The mesenchymal phenotype in colorectal cancer, which corresponds to the CMS 4 subtype, 

accounts for around 25% of all colorectal cancers(Guinney et al., 2015a). The predominant 

mutations in this subtype are APC (65%), TP53 (55%), and KRAS (40%) with a small 

proportion of BRAF (5%). These tumours are found most commonly in the distal colon and 

tend to be at a late stage at time of diagnosis(Testa et al., 2020). The transcriptomic 

phenotype of these tumours is dominated by angiogenic, inflammatory and 

immunosuppressive signatures(Becht et al., 2016). On histologic examination of these 

tumours, they are characterised by a high density of fibroblasts(Becht et al., 2016), otherwise 

described phenotypically as being high in tumour associated stroma(Testa et al., 2020). Still 

others have reported that tumour associated stroma itself bears a strong transcriptomic 

signature of epithelial-mesenchymal transition(McCorry et al., 2018).  

Many groups have investigated the phenotypic element of tumour associated stroma, an 

extracellular matrix made up of mesenchymal cells, vascular endothelial cells, fibrous tissue, 

growth factors and chemokines(Werb and Lu, 2015).The presence of a greater percentage of 

tumour stroma has been shown to be a poor prognostic marker(Mesker et al., 2007, Huijbers 

et al., 2013, Park et al., 2014, Vogelaar et al., 2016).Whilst it has been made clear that higher 

tumour stromal percentage has a negative impact on outcomes in colorectal cancer, it 

remains unclear where tumour stroma arises from, whether these are local host fibroblasts 

that have been recruited by the tumour and transformed by a variety of chemokines, or 

whether these are in fact tumour cells that have undergone epithelial-mesenchymal transition 

(EMT) is unknown(Conti and Thomas, 2011). Mechanisms that explain the worse clinical 

outcomes for high stromal tumours have been proposed. These include a greater ability for 

neo-angiogenesis, thereby facilitating haematogenous metastases(Dvorak, 2015). In addition, 

tumour stroma may also play a role in facilitating tumour invasion and preventing 

apoptosis(Conti and Thomas, 2011, Werb and Lu, 2015, Becht et al., 2016). A further 
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mechanism for the poor prognosis in these tumours may be the higher levels of tumour 

budding that have been linked to high tumour stroma percentage(van Wyk et al., 2016), 

which is also believed to represent EMT(Grigore et al., 2016, Li et al., 2018a). 

However, more recent research assessing the transcriptomic signature from tumour stroma 

has suggested that the high EMT signature of these tumours is largely related to the stroma 

and therefore may not represent tumour associated EMT at all(McCorry et al., 2018). 
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1.7 THE GLASGOW MICROENVIRONMENT SCORE (GMS) 

The Glasgow Microenvironment Score(Park et al., 2015) was first described in a study 

published in 2015 by Park et al.. The score combined the immune phenotypic element of 

Klintrup-Mäkinen grade (KM) with the mesenchymal phenotypic element of Tumour 

Stroma Percentage (TSP). In a cohort of 307 stage I-III colorectal cancers, the scores were 

combined in the following way. Those patients with a strong KM were shown to have a 

better prognosis overall in terms of cancer-specific survival. Most of the patients with strong 

KM had low TSP. There was a very small group with strong KM and high TSP, but these 

did not have a statistically worse survival than the remaining patients with strong KM and 

therefore these two groups were combined (GMS 0). Those with weak KM were sub-divided 

according to TSP status, since weak KM with high TSP tumours were found to convey the 

worst prognosis (GMS 2), while those tumours with weak KM and low TSP were found to 

have intermediate cancer-specific survival outcomes (GMS 1).  

Table 1.7. Summary of Glasgow Microenvironment Score categories 

KM TSP Prognosis GMS 
Strong Low 

Good GMS 0 Strong High 

Weak Low Intermediate GMS 1 

Weak High Poor GMS 2 
 

Thus, phenotypically, the GMS may be considered to reflect the CMS subtypes with GMS 

0 representing CMS 1, GMS 1 representing CMS 2 and 3 and GMS 2 representing CMS 4. 

Indeed, Roseweir et al.(Roseweir et al., 2020) used these features in the development of the 

“histologic phenotypic subtypes” with the addition of Ki67 immunohistochemical (IHC) 

staining as a marker of cell proliferation to divide the GMS 1 category into canonical 

(representative of CMS 2 with higher proliferation rate) or latent (representative of CMS 3, 

the metabolic category with lower proliferation rate). As expected, this histological 
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phenotypic subtype score, or modified GMS showed a similar stratification to that 

demonstrated by Park et al(Park et al., 2015). However, the addition of Ki67 to split GMS1 

into high and low proliferation groups did not add any distinction in terms of survival 

outcomes(Roseweir et al., 2020). 
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1.8 SUMMARY AND AIMS 

1.8.1 Summary 

Colorectal cancer remains one of the most common cancers in the world and poses a 

significant disease burden worldwide with the 2nd highest cause of cancer-related mortality. 

There are now a greater number of therapeutic options available than ever before, 

particularly with the advent of immunotherapy for MSI cancers. 

The genetic pathways leading to the development of colorectal cancers are becoming better 

understood, although there remain significant knowledge gaps, particularly related to the 

Serrated Pathway. 

The consensus molecular subtypes have begun the process of allowing the ability to target 

certain therapies according to particular disease phenotypes although the debate is ongoing 

regarding the most efficacious means of assessing these phenotypes, not least the immune 

phenotype. 

Global assessment of the immune infiltrate by Klintrup-Mäkinen grade had a similar, if not 

superior fixed effects summary on meta-analysis to assessment of CD3 or CD8 cell infiltrates, 

thereby justifying this simple and readily available assessment going forward. 

Furthermore, the assessment of TSP is well recognised as a marker of a mesenchymal 

phenotype, although the relationship of TSP with markers of EMT is one that remains 

unclear. Some groups describe high EMT in CMS 4 patients and others report the high EMT 

transcriptomic signature as being related not to the tumour, but to the associated 

stroma(McCorry et al., 2018). Since the assessment of a mesenchymal phenotype (TSP) is 

an integral part of the GMS, the process of EMT might be key to understanding the 

mechanisms underlying the worse prognosis indicated by a mesenchymal phenotype (high 

TSP or GMS 2). Conversely, the better prognosis designated by a strong inflammatory 

response might be reflected in markers of EMT or absence thereof. 
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The Glasgow Microenvironment Score represents a composite histology-based phenotypic 

assessment of two well defined colorectal cancer phenotypes: the immune phenotype (CMS 

1) and the mesenchymal phenotype (CMS 4). It has previously been shown to stratify 

survival in colorectal cancer into three distinct bands(Park et al., 2015). 

Up to this point, the validity of the GMS had only been explored in a relatively small cohort 

of CRC from Glasgow Royal Infirmary(Park et al., 2015). It was possible, therefore, that the 

score would not produce the same results in independent patient cohorts. The score required 

to be tested in this context to see whether it retained its prognostic significance and 

independence of other clinicopathological features. 

Furthermore, the pattern of colorectal cancer recurrence could also be related to the GMS 

phenotype and it could be that each GMS phenotype might give rise to a specific disease 

recurrence pattern or location. In particular, with the adverse features that are typically 

associated with GMS 2 (higher T- and N-stage and higher levels of venous invasion(Hansen 

et al., 2018)), the local recurrence rate was considered likely to be higher in this group. 

The relevance of the GMS in terms of dictating adjuvant therapy had never been assessed 

and if a specific GMS category were able to guide adjuvant chemotherapy, then this would 

inform current and ongoing management of colorectal cancer. Therefore, the impact of GMS 

on different chemotherapeutic regimens required to be explored further. 

With the rise of licenced immunotherapy agents, another important disease biomarker that 

has a role in predicting response to immunotherapy, used more in upper GI cancers, is the 

Programmed death ligand-1 (PD-L1 or CD274). However, the efficacy of this protein as a 

prognostic marker in CRC or indeed as an indicator of response to immunotherapy is unclear. 
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1.8.2 Hypotheses and Aims 

To address the above areas of uncertainty regarding the relevance of the Glasgow 

Microenvironment Score, the following hypotheses were proposed: 

1. Epithelial-mesenchymal transition markers were hypothesised to have different 

expressions according to the different phenotypic features assessed by the GMS 

2. The GMS, as a histology-based assessment of the tumour microenvironment, 

remains relevant and able to stratify survival in independent cohorts 

3. The GMS may give additional information regarding recurrence patterns and 

therefore aide decision-making regarding patient follow up 

4. The phenotypic elements that are measured by the GMS may select patients who 

benefit from specific chemotherapeutic regimens 

To examine these hypotheses, studies were performed in patients undergoing surgical 

resection of stage I-III colorectal cancer with curative intent. The aims of this research were 

as follows: 

1. To assess the prognostic role of markers of EMT and the relationship between 

the GMS and markers of EMT in the context of colorectal cancer. 

2. To assess the validity of GMS in independent patient cohorts to see whether it 

would retain its prognostic significance and independence of other 

clinicopathological features. 

3. To examine the relationship between the GMS and patterns of recurrence. 

4. To assess the associations of GMS with chemotherapy type and duration.  

5. To investigate the impact of PD-L1 (CD274) as a prognostic biomarker in 

colorectal cancer and to assess its efficacy in the context of choice of 

immunotherapy  
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2. GENERIC METHODS 
2.1 LITERATURE REVIEWS 

Two separate systematic reviews and meta-analyses were performed. The first was titled: 

“The local inflammatory response in colorectal cancer – type, location or density? A 

systematic review and meta-analysis” and is published in Cancer Treatment 

Reviews(Alexander et al., 2020b). The review aimed to identify primary studies assessing 

the relationship between the host anti-tumour inflammatory response in CRC and survival. 

A search was made of PubMed, MEDLINE and EMBASE databases (limited to human 

studies, English language, between 1997 up to the present) and the titles and abstracts were 

reviewed to identify relevant full texts to be obtained, in addition to scrutiny of reference 

lists to identify any further studies.  

The second systematic review and meta-analysis was titled “A meta-analysis of CD274 (PD-

L1) assessment and prognosis in colorectal cancer and its role in predicting response to anti-

PD-1 therapy” and is published in Critical Reviews in Oncology/Hematology(Alexander et 

al., 2021). This review aimed to identify all studies relating to survival in CRC and analysis 

of PD1 (programmed cell death protein-1) or PDL1 (programmed death ligand-1) expression. 

The initial search strategy and meta-analysis was the same as that above. However, in 

addition to this, all current trials registered with ClinicalTrials.gov for immunotherapies in 

CRC were identified and those with published results, whether in abstract form at 

conferences, or in published form in journals, were scrutinized with particular emphasis on 

those using PDL1 as a marker of disease response to immunotherapy in CRC.  

For both meta-analyses, studies meeting REMARK criteria were included and relevant data 

were extracted for literature review(McShane et al., 2005). Those studies that also performed 

multivariate analysis and gave Hazard ratios for survival interaction were included in meta-

analysis using REVMAN software, version 5.3. Confidence intervals crossing 1.0 were not 

considered significant and heterogeneity between studies was assessed with the I2 value, 
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while a funnel plot was used to assess publication bias. An assessment of study bias was also 

performed according to REMARK criteria(McShane et al., 2005). 

 

2.2 PATIENTS 

2.2.1 Datasets upon which the contained research data are based 

Several pre-constructed databases were utilised in the work undertaken in this thesis, both 

in study of the GMS and also assessment of inflammatory scores and EMT work: 

• a combined database of two TMAs (referred to as the combined JP-AP TMA; 

n=1030),  

o one from patients who had surgical resections performed in Glasgow Royal 

Infirmary between 2000 and 2007 (the JP TMA, n=272); 

o the other from patients who had resections performed in other Glasgow 

hospitals (Stobhill, Gartnavel General and the Western Infirmary) between 

2000 and 2007 (the AP TMA, n=758); 

• the TransSCOT database, from patients who were enrolled in the SCOT arm of the 

IDEA 3-months vs 6-months adjuvant chemotherapy trial (n=2912);  

• a prospectively collated, previously published(Park et al., 2016b), database of 1000 

patients who had resections performed in Glasgow Royal Infirmary between 1997 

and 2013 (referred to as the GRI-CRC-TMA; n=1000) 

 

2.2.2 GRI-CRC-TMA construction and slide scanning 

One thousand previously selected patients, derived from a previously published cohort of 

CRC resections in GRI between 1997 and 2013(Park et al., 2016b), were identified for 

construction of the GRI-CRC-TMA. In order to construct this TMA and also achieve the 

same H&E based scoring, the slides from old cases were pulled by laboratory staff. All slides 
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from full cases were reviewed and those from the deepest point of invasion were identified 

and scanned onto the electronic server for H&E-based whole section scoring. Furthermore, 

the slides also had tumour areas marked for construction of the new TMA and tumour blocks 

from these identified slides were looked out of the archive. 

 

2.3 CLINICOPATHOLOGICAL DATA 

Clinicopathological data were already collected by previous researchers in the unit from 

pathology reports and patient notes (both electronic and paper). However, I also played my 

part in the prospective maintenance of the database, entering all of the clinicopathological 

data for new patients having colorectal cancer resections, in order that future researchers 

might benefit from an accurate prospective database. 

Survival data endpoints were: cancer-specific survival (CSS) defined as time from surgery 

to death from CRC-cause; overall survival (OS) defined as time from surgery to death from 

any cause; relapse-free survival (RFS) defined as time from surgery to recurrence of cancer 

or death from CRC-cause; and disease-free survival (DFS) defined as time from surgery to 

recurrence or death from any cause. 

Mismatch repair (MMR) status for the combined JP-AP TMA was already known from 

previous researchers’ work (Arfon Powell and James Park). 

2.4 H&E-BASED SCORING 

2.4.1 Klintrup-Mäkinen grade (KM) 

Scoring of KM and TSP for the combined JP-AP TMA, as well as for the TransSCOT 

patients was already performed on whole sections (prior to TMA cores being taken) by 

Antonia Roseweir. I performed the KM and TSP scoring on the GRI-CRC-TMA patients on 

whole H&E sections where these were available (n=849), and a proportion of these were co-

scored by Hester van Wyk. All scoring was performed on electronically scanned slides using 
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digital slide viewing software, initially Slidepath Digital Image Hub (Leica Biosystems, 

Milton Keynes, UK) and subsequently NDPServe (Hamamatsu). KM was scored as 

previously described(Klintrup et al., 2005) by assessing the inflammatory cell infiltrate at 

the invasive margin of the tumour, in addition to the cell density and any tumour cell nest 

destruction. A strong reaction (original score 2 or 3) was taken as a band or cup-like 

formation of inflammatory cells at the invasive margin with some evidence of tumour cell 

nest destruction (Figure 2.1), whereas a weak reaction (original score 0 or 1) was taken as a 

discontinuous inflammatory reaction or few cells with no evidence of cell nest destruction 

(Figure 2.2). 

 

Figure 2.1. Two cases of strong KM with black arrows in A and C (at x10 magnification) 

demonstrating a continuous band of inflammatory cells and black triangles in B and D (at 

x100 magnification) demonstrating tumour nest destruction. Bars in A and C = 5mm. Bars 

in B and D = 500um 
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Figure 2.2. Two cases of weak KM with no evidence of inflammatory cells at invasive 

margin and no evidence of tumour next destruction. Bars in A and C = 5mm (x 10 

magnification). Bars in B and D = 500um (x100 magnification) 
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2.4.2 Tumour stromal percentage 

TSP was scored as previously described(Mesker et al., 2007), by assessing the percentage 

of tumour stroma to carcinoma percentage, ignoring areas of high mucin, at x100 

magnification. Tumour stroma was scored in 10% increments. A score of more than 50% 

stroma was considered high stroma (Figure 2.3), whereas 50% or less was considered low 

stroma (Figure 2.4). 

 

Figure 2.3. Two cases of high TSP at low magnification (x20) in A and C (Bars = 2.5mm) 

and high magnification (x200) in B and D (Bars = 250um) demonstrating greater than 50% 

stroma to tumour ratio. 
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Figure 2.4. Two cases of low TSP at low magnification (x20) in A and C (Bars = 2.5mm) 

and high magnification (x200) in B and D (Bars = 250um) demonstrating less than 50% 

stroma to tumour ratio. 

 

2.4.3 Crohn’s-like reaction 

Crohn’s-like reaction (CLR) assessment was performed in three different ways as three 

different methods have been documented in the literature(Graham and Appelman, 1990, 

Ueno et al., 2013, Väyrynen et al., 2014). The number of lymphoid aggregates at the 

tumour’s invasive margin were counted along with how many of these had germinal centres. 

Tumours with 3 or more aggregates and at least one germinal centre were considered 

“intense” and those with none were considered “absent”. Those with intermediate numbers 

or no germinal centres were considered “mild” according to the Graham-Appelman (G-A) 

method(Graham and Appelman, 1990). The total number of aggregates was divided by the 

length in millimetres of the invasive tumour edge to give a density score, as per Väyrynen 
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et al.(Väyrynen et al., 2014). The largest aggregate was also measured in millimetres to give 

a size-based method, as per Ueno et al.(Ueno et al., 2013). Figure 2.5 demonstrates high 

CLR. For low CLR, please see Figure 2.2, which shows no evidence of lymphoid aggregates. 

 

Figure 2.5. Two cases of high CLR with black arrows in A and C (at x10 magnification) 

demonstrating multiple lymphoid aggregates and black triangles in B and D (at x40 

magnification) lymphoid aggregates with germinal centres. Bars in A and C = 5mm. Bars in 

B and D = 1mm 
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2.4.4 Tumour infiltrating lymphocytes (TILs) 

Individual tumour infiltrating lymphocytes were also counted on H&E slides using an 

adaptation of a pre-defined method(Rozek et al., 2016, Richards et al., 2012, Ogino et al., 

2009). Lymphocytes, dark purple ovals, positioned over cancer cell nests were counted 

manually in 10 high-power fields (HPF; 0.04mm2 each) giving a total area assessed of 

0.4mm2. An average number of lymphocytes per HPF was then calculated. Figure 2.6 

demonstrates high TILs, while Figure 2.7 displays examples of low TILs. 

 

Figure 2.6. Two cases of high TILs in A and C (at x10 magnification). Red boxes indicate 

areas of magnification. Black arrows in B and D indicate intraepithelial lymphocytes (at 

x800 magnification). Bars in A and C = 5mm. Bars in B and D = 50um 
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Figure 2.7. Two cases of low TILs in A and C (at x10 magnification). Red boxes indicate 

areas of magnification. There are no intraepithelial lymphocytes in B and D (at x800 

magnification). Bars in A and C = 5mm. Bars in B and D = 50um  

 

2.5 IMMUNOHISTOCHEMISTRY METHOD FOR EMT MARKERS 

The immunohistochemical staining of the TMAs used for scoring EMT was performed by 

Niphat Jirapongwattana, supervised by Jean Quinn. My role was in scoring these TMAs after 

they had already been stained and scanned onto the shared server, accessed using NDPServe 

(Hamamatsu). IHC for the following markers of EMT was performed on the AP TMA: E-

cadherin, B-catenin, Fascin, Snail and Zeb-1. Herein follows a brief description of the 

staining method. 

TMAs were de-waxed using Histoclear and subsequently rehydrated using alcohol in 

decreasing concentrations. Antigens were subsequently retrieved as follows. In the case of 

E-Cadherin, Fascin, Snail and Zeb-1, a pressurised citrate buffer at pH 6.0 was used for 5 
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mins. 3% hydrogen peroxide was used for 20 minutes to block endogenous peroxidase 

activity. The TMAs were then incubated with 10% casein (Vector Laboratories) for 2 hours 

(Zeb-1, Fascin and Snail) or 30 mins (E-cadherin). Primary E-cadherin (1:500; BD 

Biosciences, 610182) and Zeb-1 (1:800, Sigma-Aldrich, HPA027524) antibodies were 

added and refrigerated at 4⸰C overnight. For Fascin (1:100; Atlas Antibodies, HPA005723), 

and Snail (1:50; Abcam, ab53519) antibodies were added and kept for 2 hours at room 

temperature. Thereafter, TMAs were incubated with envision (DAKO) for half an hour in 

the case of E-cadherin, Fascin and Zeb-1; or with ImmPRESS anti-goat IgG for half an hour 

(Snail).  

In the case of B-catenin, a pressurised water bath at pH 8.0 at 96⸰C was used for 50 mins. 

0.5% hydrogen peroxide was used for half an hour to block endogenous peroxidase activity. 

Following this, the TMAs were incubated for 30mins in 1% BSA. Primary B-catenin 

antibody (1:50; BD Biosciences, 610154) was added at room temperature for 2 hours. TMAs 

were then incubated for 2 hours with envision (DAKO). 3,3’-diaminobenzidine (DAB; 

Vector Laboratories) was used to achieve antibody visualisation until colour developed. 

Haematoxylin counter-staining was also used for all slides, which were then dehydrated 

using Histoclear and alcohol prior to mounting with DPX. 

2.6 WEIGHTED HISTOSCORE (EMT MARKERS) 

EMT-markers were scored using a weighted histoscore on the AP TMA. The weighted 

histoscore is a well-established method used to quantify expression of the protein of interest. 

Following immunohistochemical staining, expression within each cellular compartment 

(membrane, cytoplasm and nucleus) is scored separately by manual assessment of the 

proportion of the compartment stained at each density of staining (strong, moderate, weak 

or negative). These proportions are then multiplied as follows: (%tumour tissue with absent 

staining per core)x0 + (%tumour tissue with mild staining per core)x1 + (%tumour tissue 

with moderate staining per core)x2 + (%tumour tissue with strong staining per core)x3. This 
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method gave a range of scores per tissue core from 0 to 300. These scores were averaged 

over up to 4 cores per tumour. Examples of low and high scores for each marker are shown 

in Figure 2.6. 

 

Figure 2.8. Representative images of low and high IHC staining for markers of EMT: E-

cadherin, Beta-catenin, Fascin, Snail and Zeb1 in full TMA core (Bar = 250um), x20 

magnification (Bar = 100um) and x40 magnification (Bar = 50um). 

 

2.7 STATISTICAL ANALYSIS 

SPSS versions 25.0, 27.0, and 28.0 (IBM, SPSS) were used for data analysis. Kaplan-Meier 

curves and log-rank analyses were used to compare CSS, OS, RFS and DFS. Hazard Ratios 

(HR) and 95% Confidence Intervals (CIs) were assessed using univariate Cox-regression 

analysis. For multivariate analysis, a backward conditional stepwise elimination model was 

used. A significance threshold of p≤0.1 on univariate survival analysis was used in 

identifying variables for multivariate analysis. Associations between categorical variables 

were evaluated using Pearson’s chi-squared test. A p-value of less than 0.05 was considered 

statistically significant. 
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3. GMS AND MARKERS OF EPITHELIAL-MESENCHYMAL 
TRANSITION (EMT) IN THE CONTEXT OF COLORECTAL 
CANCER 
Previously, the prognostic significance of EMT in CRC had been explored(Roseweir et al., 

2019). However, the relationship of TSP with markers of EMT is one that remains unclear. 

Some groups describe high EMT in CMS 4 patients, while others have reported that the high 

EMT transcriptomic signature is related not to the tumour, but to the associated 

stroma(McCorry et al., 2018). Since the assessment of a mesenchymal phenotype (TSP) is 

an integral part of the GMS, the process of EMT might be key to understanding the 

mechanisms underlying the worse prognosis indicated by a mesenchymal phenotype (high 

TSP or GMS 2). Conversely, the better prognosis designated by a strong inflammatory 

response might be reflected in markers of EMT or absence thereof. 

The phenomenon of EMT in its truest form is an embryological process essential for 

organogenesis(Micalizzi et al., 2010), whereas in the development of epithelial cancer 

metastases, it is thought to represent a process in which epithelial cells become less well-

differentiated, losing cell-cell adhesion molecules (e.g. cadherins) and becoming more 

motile(Thiery, 2003, Micalizzi et al., 2010). It is believed that the cancer EMT 

process (henceforth referred to as EMT) gives rise to circulating tumour cells(Barriere et al., 

2014). The cells that survive in the bloodstream and go on to form metastases in distant 

organs will be pluripotent cancer stem cells, enabling them to establish new tumours in 

distant sites(Reya et al., 2001).  

There are a number of validated markers of EMT. E-cadherin is a cell surface 

protein functioning closely with the actin cytoskeleton that is involved in cell-cell adhesion, 

the loss of which is a marker of de-differentiation(Peinado et al., 2004). B-catenin, 

a member of the catenin family, which link cadherins to the actin cytoskeleton, is also a 

transcription factor and may be released when not linking E-cadherin to the cell membrane, 

although the process that drives B-catenin from the cell cytoplasm to the nucleus is 
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unclear(Brabletz et al., 2005). B-catenin is one of the proteins in the Wnt pathway and in 

embryological development is involved in both EMT and stem cell formation(Brabletz et al., 

2005). The presence of nuclear B-catenin also reduces transcription of E-cadherin(Brabletz 

et al., 2005). Both higher nuclear B-catenin and lower membrane E-cadherin have 

been observed in tumour budding, a mesenchymal phenotype believed to be associated with 

EMT(Zlobec and Lugli, 2010). Both Snail and Zinc finger-E-box 

binding homeobox 1 (Zeb-1) are transcriptional factors that promote a mesenchymal 

phenotype and reduce the expression of membrane E-cadherin(Grigore et al., 

2016). Fascin is a downstream target of B-catenin and is usually responsible for bundling of 

actin cytoskeleton but is upregulated in epithelial cancers(Machesky and Li, 

2010) and results in increased cell motility and migration(Vignjevic et al., 2007).   

Since the ability to identify the process of EMT in colorectal cancer will indicate which 

tumours may metastasise, a simple yet robust means of 

identifying such tumours is essential. In a previous study, our research group showed that a 

combination of these five markers was associated with survival in a cohort of colorectal 

cancer patients(Roseweir et al., 2019).  

The aims of this section were to assess the prognostic role of markers of EMT in an 

independent cohort and the relationship between the GMS and markers of EMT. 

In particular, it was hypothesised that tumours with high immune infiltrates (GMS 

0) would have lower expression of EMT markers, whereas those with a mesenchymal 

phenotype (GMS 2) may have a higher expression of EMT markers(Park et al., 2015, 

Alexander et al., 2020c).  
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3.1 SPECIFIC METHODS  

3.1.1 Patient cohort 

The AP TMA was used to explore the prognostic role of the five markers of EMT in CRC 

and also to assess their relationship with the GMS. Two-hundred and thirty-eight TNM II-

III CRC specimens were identified retrospectively from this database All patients had 

undergone surgery with curative intent between 2000 and 2007. Those who had endoscopic 

or palliative procedures and those with involved surgical margins (R1) were excluded, as 

were those who died within 30 days of surgery and those who received neoadjuvant 

chemoradiotherapy. The primary endpoint was cancer-specific survival (CSS), defined 

as time from surgery to death from colorectal cancer. Survival data were available until the 

1st July 2020.  

3.1.2 Clinicopathological characteristics 

Tumour budding(van Wyk et al., 2019) and MMR status(Powell, 2016) were already 

available for this cohort. The Petersen index was used to assess clinical risk as in clinical 

practice indicating low or high-risk stage II colorectal cancer(Petersen et al., 2002): venous 

invasion and peritoneal involvement were assigned a score of 1, while tumour perforation 

was assigned a score of 2. TNM II disease with Petersen index of 2 or higher, or TNM III 

disease was considered high-risk. Peritumoural inflammatory scores (KM grade) and 

tumour stromal percentage scores (TSP) were already available(van Wyk et al., 2019). These 

were combined as the GMS as previously described(Alexander et al., 2020c). In brief, strong 

KM and any TSP scored GMS 0; weak KM with low TSP scored GMS 1 and weak KM with 

high TSP scored GMS 2. The modified Glasgow Prognostic score (mGPS) was 

calculated using serum CRP (C-reactive protein) and albumin levels obtained in the 30 days 

before surgery or at the time of admission as previously described(Park et al., 2016b).  
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3.1.3 Immunohistochemistry and scoring  

A detailed description has already been given in the Generic Methods chapter (section 2.6) 

regarding the immunohistochemical staining of the five markers of EMT was used in this 

paper and Figure 2.8 gives representative examples of low and high staining for each marker. 

Scoring of the stained slides was performed using the weighted histoscore, also detailed in 

the Generic Methods chapter (section 2.7).  

After staining, all slides were scanned using Hamamatsu NanoZoomer (Welwyn Garden 

City, Hertfordshire, UK) at 20x magnification and visualised on NDP viewer (NanoZoomer 

Digital Pathology software, Hamamatsu Photonics K.K.). EMT marker staining was 

assessed by Peter Alexander, blinded to clinicopathological data.  Each marker was scored 

in tumour cell membrane, cytoplasm and nucleus. An average of the scored cores was taken 

as the final value. 192 cores were co-scored by Professor Joanne Edwards with excellent 

correlation (ICC >0.88 for all markers and loci).  

  

3.1.4 Statistical analysis  

Data for EMT markers were dichotomised into high and low scores by Kathryn Pennel using 

a data-derived threshold for each score at each cellular location according to 

CSS using RStudio (R Studio, Inc, MA, USA), (Table 3.1). Missing data was excluded from 

analysis. All other data analysis was performed using SPSS version 27.0 (IBM 

SPSS). Univariate Cox regression analysis was used to calculate Hazard Ratios (HR) with 

95% Confidence Intervals (CI) for CSS. When testing for associations between categorical 

variables, Pearson’s chi-squared test was used. Where there were fewer than n=6 events in 

any cell, chi-squared analysis was not performed.  A p-value of less than 0.05 was 

considered statistically significant. 
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Table 3.1. Median, Data-driven thresholds with graphs, range and number of tumours with high vs low expression for each EMT marker and cellular 

location (with thanks to Kathryn Pennel for providing these).  
Marker  

Locus  
Median  Data-driven 

threshold  
R-derived threshold graphs  Range  High, N (%)  Low N (%)  

E-cadherin  
Membrane  

  

  
151.88  
  

  
97.50  
  

  

  
0 – 280  
  

  
28   (12)  
  

  
210 (88)  
  

Cytoplasm  
  

120.00  
  

130.00  
  

  

0 –
252.5  
  

140 (59)  
  

98   (41)  
  

Nucleus  176.67  223.33  

  

0 – 300  220 (92)  19    (8)  

B-catenin  
Membrane  

  
132.50  
  

  
90.00  
  

  

  
20 – 
240  
  

  
28   (12)  
  

  
210 (88)  
  

Cytoplasm  
  

130.00  
  

145.00  
  

  

20 – 
280  
  

146 (61)  
  

92   (39)  
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Nucleus  137.50  125.00  

  

0 – 300  96   (40)  142 (60)  

Fascin  
Membrane  

  
100.00  
  

  
135.00  
  

  

  
0 – 300  
  

  
171 (72)  
  

  
67   (28)  
  

Cytoplasm  
  

110.00  
  

63.75  
  

  

0 – 300  
  

31   (13)  
  

207 (87)  
  

Nucleus  120.00  140.00  

  

0 – 300  159 (67)  79   (33)  

Snail  
Membrane  

  
25.00  
  

  
10.00  
  

  

  
0 
– 187.5  
  

  
46   (19)  
  

  
192 (81)  
  

Cytoplasm  
  

47.50  
  

25.00  
  

  

0 – 160  
  

56   (24)  
  

182 (76)  
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Nucleus  70.00  50.00  

  

0 – 200  55   (23)  183 (77)  

Zeb-1  
Membrane  

  
70.00  
  

  
50.00  
  

  

  
10 
– 235  
  

  
74   (31)  
  

  
164 (69)  
  

Cytoplasm  
  

80.00  
  

112.50  
  

  

10 
– 210  
  

195 (82)  
  

43   (18)  
  

Nucleus  90.00  52.50  

  

0 – 200  26   (11)  212 (89)  
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3.2 RESULTS  

There was a total of 502 patients undergoing potentially curative resection of Stage II-III 

CRC that also had a valid sample for assessment of one or more EMT markers and 

GMS, but only 238 tumours had scores for all five markers of EMT. Clinicopathological 

characteristics are given for patients with full scores available vs patients 

with missing scores in Table 3.2. There were no significant differences for any 

clinicopathological characteristic between these two groups. For those patients with scores 

available, 57% of patients were younger than 75 years, whereas 38% were node-

positive. Fifty-three percent had low-risk disease, while 47% had high-risk disease. The 

medians, range and split into high and low for each marker are presented in 

Table 3.1. Median follow up for survivors was 140 months (interquartile range: 120 – 175). 

There were 156 deaths, of which 61 were CRC-related.  
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Table 3.2. Clinicopathological data for patients with valid GMS and EMT scores in 

TNM II-III disease (N=238) vs those without valid scores available (N=264)  
Clinicopathological 
characteristics  

All scores available  
N (%)a  

Scores missing 
N (%)a   

X2  

Age       
≤64  60   (25)  72   (27)  0.41  
65-74  76   (32)  89   (34)    
≥75  102 (43)  264 (39)    

Gender        
Female  127 (53)  126 (48)  0.21  
Male  111 (47)  138 (52)    

Presentation        
Elective  168 (71)  180 (68)  0.56  
Emergency  70   (29)  84   (32)    

TNM        
I-II (low-risk)  127 (53)  128 (49)  0.28  
II-III (high-risk)  111 (47)  136 (51)    

T-stage        
I  1      (1)  3      (1)  0.37  
II  8      (3)  4      (4)    
III  159 (67)  169 (64)    
IV  70   (29)  88   (33)    

N-stage        
0  147 (62)  156 (59)  0.85  
I  60   (25)  76   (29)    
II  31   (13)  31   (12)    

Site        
Colon  201 (85)  223 (85)  0.99  
Rectum  37   (15)  41   (15)    

Differentiation        
Well/mod  206 (87)  239 (91)  0.16  
Poor  32   (13)  25    (9)    

Venous invasion        
Absent  156 (66)  175 (66)  0.86  
Present  82   (34)  89   (34)    

Tumour budding        
Present  173 (73)  203 (77)  0.28  
Absent  65   (27)  61   (23)    

MMR        
Proficient  192 (81)  211 (81)  0.96  
Deficient  46   (19)  50   (19)    

Tumour perforation        
No  221 (93)  245 (93)  0.98  
Yes  17    (7)  19    (7)    

Peritoneal involvement        
No 167 (70)  184 (70)  0.91  
Yes  71   (30)  80   (30)    

GMS        
0  61   (26)  82   (31)  0.07  
1  133 (56)  147 (56)    
2  44   (18)  35   (13)    

Modified GPS        
0  83 (53)  100 (46)  0.51  
1  37 (24)  71   (33)    
2  35 (23)  45   (21)    

apercentages rounded to nearest whole number and may not total 100%    
Bold indicates significant result 
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Univariate CSS was assessed for each EMT marker (Table 3.3, Figure 3.1). E-cadherin, 

Fascin and Snail did not associate with survival at any cellular locus. Cytoplasmic and 

nuclear B-catenin were significant for worse CSS (HR 1.67, 95% CI 1.01-2.76, p<0.05, 

and HR 2.22, 95% CI 1.24-3.97, p<0.01, respectively). Membrane Zeb-

1 was also significant for worse CSS (HR 2.00, 95% CI 1.07-3.77, p=0.03).   

 

Figure 3.1. Cancer-specific survival for (A) Cytoplasmic and (B) Nuclear B-catenin, and 

(C) Membrane Zeb-1, in stage II-III CRC (n=238).  
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Table 3.3. Cancer-specific survival in stage II-III colorectal cancer for individual EMT 

markers (N=238).  
Clinicopathological characteristics Cancer-specific survival  
  N (%)a  Events 

(CSS)  
Univariate HR 
(95% CI)  

P  

E-Cadherin          
Membrane Low  28   (12)  3      
Membrane High  210 (88)  58  2.80 (0.88-8.94)  0.08  

          
Cytoplasm Low  140 (59)  30      
Cytoplasm High  98   (41)  31  1.40 (0.85-2.32)  0.19  

          
Nucleus Low  220 (92)  57      
Nucleus High  18    (8)  4  0.71 (0.26-1.94)  0.50  

B-Catenin          
Membrane Low  28   (12)  3      
Membrane High  210 (88)  58  2.92 (0.92-9.34)  0.07  
          
Cytoplasm Low  146 (61)  30      
Cytoplasm High  92   (39)  31  1.67 (1.01-2.76)  0.046  

          
Nucleus Low  96   (40)  15      
Nucleus High  142 (60)  46  2.22 (1.24-3.97)  0.007  

Fascin          
Membrane Low  171 (72)  40      
Membrane High  67   (28)  21  1.62 (0.96-2.75)  0.07  

          
Cytoplasm Low  31   (13)  5      
Cytoplasm High  207 (87)  56  1.91 (0.76-4.76)  0.17  

          
Nucleus Low  159 (67)  37      
Nucleus High  79   (33)  24  1.53 (0.92-2.57)  0.10  

Snail         
Membrane Low  46   (19)  16      
Membrane High  192 (81)  45  0.60 (0.34-1.07)  0.08  

          
Cytoplasm Low  56   (24)  18      
Cytoplasm High  182 (76)  43  0.72 (0.42-1.26)  0.25  

          
Nucleus Low  55   (23)  11      
Nucleus High  183 (77)  50  1.46 (0.76-2.80)  0.26  

Zeb1          
Membrane Low  74   (31)  12      
Membrane High  164 (69)  49  2.00 (1.07-3.77)  0.03  

          
Cytoplasm Low  195 (82)  53      
Cytoplasm High  43   (18)  8  0.64 (0.31-1.35)  0.24  

          
Nucleus Low  26   (11)  5      
Nucleus High  212 (89)  56  1.60 (0.64-3.98)  0.32 
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EMT score (original)          
Absent EMT  7      (3)  1  1.94 (0.27-14.00)  0.51  
Low EMT  231 (97)  60  REF 1.0  
High EMT  0      (0)  -  - -  

apercentages rounded to nearest whole number and may not total 100%  
Bold indicates significant result  
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In terms of associations between EMT markers and clinicopathological variables, these are 

given in Tables A2.1 to A2.5. In brief, E-cadherin did not associate with any 

clinicopathological variables. 

Nuclear B-catenin was more likely to be found in rectal tumours (p=0.03), cytoplasmic and 

nuclear B-catenin were associated with well/moderate differentiation (p=0.03 and p<0.01), 

B-catenin at any cellular location was associated with MMR proficiency (all p<0.001), and 

membrane B-catenin was associated with lower peritoneal involvement (p=0.04). 

Nuclear Fascin associated with poorer differentiation (p=0.03), while membrane Fascin 

associated with greater peritoneal involvement (p=0.03). 

Snail did not associate with any clinicopathological variables.  

Cytoplasmic Zeb-1 associated with lower venous invasion (p=0.04). 

There was no association between any EMT marker and tumour budding or lymph node 

status. 

In a previous study, a combined EMT score was constructed(Roseweir et al., 

2019), which divided patients into three groups as follows: absent EMT described high 

membrane E-cadherin with all other markers low; low EMT was marked by low membrane 

E-cadherin or high individual markers; high EMT was marked by low membrane E-cadherin 

and all other markers high. However, due to differences in staining between the original 

study and the present study, the data thresholds from the original study could not be used. 

New thresholds were thus generated using R Studio as displayed in Table 3.1. Once 

these thresholds were applied to the present cohort, there were no tumours identified as 

having “high EMT” and only 7 with absent EMT (Table 3.3). The combined EMT score was 

therefore not employed in this study.  

  



169 
 

Table 3.4. Associations of EMT markers with GMS in stage I-III colorectal cancer 
  GMS category  

  0 (n=61)  
N (%)a  

1 (n=133)  
N (%)  

2 (n=44)  
N (%)  

Pearson 
X2  

E-Cadherin                
Membrane Low  9   (15)  12    (9)  7     (16)  1.00  
Membrane High  52   (85)  121   (91)  37     (84)    
                
Cytoplasm Low  38   (62)  76  (57)  26  (59)  0.69  
Cytoplasm High  23     (38)  57   (43)  18     (41)    
                
Nucleus Low  55   (90)  122  (92)  43     (98)  -b  
Nucleus High  6     (10)  11    (8)  1      (2)    

B-Catenin                
Membrane Low  12   (20)  10       (8)  6      (14)  0.22  
Membrane High  49     (80)  123      (92)  38      (86)    
                
Cytoplasm Low  36  (59)  81   (61)  29     (66)  0.49  
Cytoplasm High  25     (41)  52  (39)  15     (34)    
                
Nucleus Low  32   (53)  50   (38)  14     (32)  0.03  
Nucleus High  29     (47)  83   (62)  30     (68)    

Fascin                
Membrane Low  50  (82)  89  (67)  32  (73)  0.21  
Membrane High  11      (18)  44     (33)  12     (27)    
                
Cytoplasm Low  10   (16)  12    (9)  9     (21)  0.72  
Cytoplasm High  51     (84)  121     (91)  35     (79)    
                
Nucleus Low  43  (71)  87   (65)  29  (66)  0.58  
Nucleus High  18     (29)  46     (35)  15      (34)    

Snail               
Membrane Low  11   (18)  23   (17)  12   (27)  0.29  
Membrane High  50  (82)  110      (83)  32      (73)    

                
Cytoplasm Low  17  (28)  27  (20)  12  (27)  0.82  
Cytoplasm High  44     (72)  106   (80)  32   (73)    
                
Nucleus Low  13   (21)  28   (21)  14   (32)  0.25  
Nucleus High  48     (79)  105   (79)  30   (68)    

Zeb1                
Membrane Low  17  (28)  43  (32)  14  (32)  0.63  
Membrane High  44     (72)  90      (68)  30      (68)    

                
Cytoplasm Low  47   (77)  109   (82)  39     (89)  -b  
Cytoplasm High  14     (23)  24  (18)  5     (11)    

                
Nucleus Low  9  (15)  14  (11)  3   (7)  -b  
Nucleus High  52     (85)  119   (89)  41     (93)    

apercentages rounded to nearest whole number and may not total 100%  
bfor cells where n<6, Pearson X2 analysis was not performed. Bold indicates significant result   
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Associations between individual EMT markers and GMS were subsequently 

assessed (Table 3.4). Nuclear B-catenin was the only EMT marker with 

a significant association with GMS as a whole (p=0.03). For GMS 2 tumours, 68% had 

high nuclear B-catenin vs 47% for GMS 0, in keeping with EMT as a key process in 

mesenchymal tumours. However, GMS 0, 1 and 2 are not associated linearly but are in fact 

separate entities categorised by phenotypic microscopic appearance. Therefore, the 

phenotypic elements that comprise GMS (i.e., KM and TSP) were assessed individually for 

associations with markers of EMT (Table 3.5). The analysis for strong KM vs weak 

KM revealed that membrane B-catenin was significantly lower in strong KM (p=0.03). 

Nuclear B-catenin was again demonstrated as significantly lower in strong KM (p=0.03). 

Membrane Fascin was also significantly lower in strong KM (p=0.04). Membrane Fascin 

was highest in GMS 1 and slightly lower in GMS 2, hence why there was no linear 

association with GMS as a whole (Table 3.4). There were no other associations between 

GMS categories and EMT markers, neither were there any further associations 

between TSP and markers of EMT.  
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Table 3.5. Associations of EMT markers according to pathological phenotype in stage 

II-III colorectal cancer 

  Immune phenotype (KM)  Mesenchymal phenotype (TSP)  
  KM 

strong (n=61)  
N (%)a  

KM 
weak (n=177)  
N (%)  

Pearson  
X2  

TSP 
low (n=183)  
N (%)  

TSP 
high (n=55)  
N (%)  

Pearson  
X2  

E-Cadherin                      
Membrane Low  9  (11)  19  (15)  0.40  21     (12)  7     (13)  0.80  
Membrane High  52   (89)  158   (85)    162     (89)  48     (87)    
                      

Cytoplasm Low  38  (62)  102  (58)  0.52  107  (59)  33  (60)  0.84  
Cytoplasm High  23     (38)  75  (42)    76   (42)  22     (40)    
                      
Nucleus Low  55   (90)  165  (93)  0.44  166     (91)  54     (98)  -b  
Nucleus High  6     (10)  12   (7)    17   (9)  1      (2)    

B-Catenin                      
Membrane Low  12   (20)  16       (9)  0.03  22      (12)  6      (11)  0.82  
Membrane High  49     (80)  161      (91)    161    

  
(88)  49      (89)    

                      
Cytoplasm Low  36  (59)  110   (62)  0.67  113     (62)  33     (60)  0.82  
Cytoplasm High  25     (41)  67  (38)    70   (38)  22     (40)    
                      
Nucleus Low  32   (53)  64   (36)  0.03  79     (43)  17     (31)  0.10  
Nucleus High  29     (47)  113   (64)    104     (57)  38     (69)    

Fascin                      
Membrane Low  50  (82)  121  (68)  0.04  132  (72)  39  (71)  0.86  
Membrane High  11      (18)  56   (32)    51   (28)  16     (29)    
                      
Cytoplasm Low  10   (16)  21   (12)  0.37  22     (12)  9     (16)  0.40  
Cytoplasm High  51     (84)  156     (88)    161     (88)  46     (84)    
                      
Nucleus Low  43  (71)  116   (66)  0.89  126  (69)  33  (60)  0.22  
Nucleus High  18     (29)  61  (35)    57    (31)  22      (40)    

Snail                     
Membrane Low  11   (18)  35  (20)  0.77  31   (17)  15   (27)  0.09  
Membrane High  50  (82)  142      (80)    152 (83)  40      (40)    

                      

Cytoplasm Low  17  (28)  39  (22)  0.36  41  (22)  15  (27)  0.46  
Cytoplasm High  44     (72)  138   (78)    142   (78)  40  (73)    
                      
Nucleus Low  13   (21)  42   (24)  0.70  40   (22)  15   (27)  0.41  
Nucleus High  48     (79)  135   (76)    143   (78)  40   (73)    

Zeb1                      
Membrane Low  17  (28)  57  (32)  0.53  56  (31)  18  (33)  0.77  
Membrane High  44     (72)  120      (68)    127 (69)  37      (67)    

                      
Cytoplasm Low  47   (77)  148   (84)  0.25  148     (81)  47     (86)  0.44  
Cytoplasm High  14     (23)  29  (16)    35  (19)  8    (14)    

                      
Nucleus Low  9  (15)  17  (10)  0.27  23  (13)  3  (6)  -b  
Nucleus High  52     (85)  160   (90)    160     (87)  52     (95)    

apercentages rounded to nearest whole number and may not total 100%  
bfor cells where n<6, Pearson X2 analysis was not performed  

Bold indicates significant result   
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3.3 DISCUSSION  

The results displayed once again demonstrate the association between B-catenin 

and survival in stage II-III CRC. Both cytoplasmic and nuclear B-catenin were associated 

with poor survival outcome. Whereas in the present study the higher expression of 

cytoplasmic and nuclear B-catenin was associated with worse survival outcome, Roseweir 

et al.(Roseweir et al., 2019) found the loss of membrane B-catenin to have the same effect.   

Furthermore, the presence of membrane Zeb-1 was found to be significant for CSS. Others 

have found the presence of Zeb-1 to be associated with a process known as “vasculogenic 

mimicry”, the ability of cells to express endothelial cell markers, which is thought to be a 

feature of EMT(Liu et al., 2012). In a murine model Kudo et al.(Kudo et al., 2015) found 

that CRP suppressed Zeb-1 on colon cancer tumour cells. CRP is one of the main markers 

of the modified Glasgow Prognostic Score (mGPS), which identifies individuals with 

systemic inflammation and is a known poor prognostic indicator(Park et al., 

2016b). However, in the present study there was no association between serum CRP and 

Zeb-1 expression at any cellular locus (data not shown). The presence of Zeb-1 when 

assessed by realtime PCR in colorectal cancers has also previously been demonstrated to 

indicate worse survival, independent of other clinicopathological features on multivariate 

analysis(Zhang et al., 2013). 

The aforementioned combined EMT score was not able to split the patients adequately into 

the three different stages of EMT as in the original study(Roseweir et al., 2019) and the 

reasons for this are unclear. Different data thresholds were necessary and this may have had 

an influence. The reason that different thresholds were required in this study is that the 

specimens stained in the previous study had globally lower weighted histoscores. Since the 

staining technique was standardised and the antibodies used were the same antibodies from 

the same suppliers, it is unclear why this was the case. It is possible that batch-to-batch 

variability of antibodies or a difference in production by the company, for example, of the 
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secondary DAB stain, caused this change in staining density. Therefore, it is not possible to 

say whether the thresholds set in the current study will be applicable to future studies. 

Perhaps the inability for the original score to apply is due to differences in the patient cohorts 

studied, although they were of similar TNM stage. It may be that the difference lies in 

the patients with missing scores although the numbers for the original study and the present 

study are similar and the clinicopathological variables for patients with missing scores were 

not statistically different from those with a complete set of scores available.   

The relationship between individual EMT markers and GMS was assessed. GMS 0, 

the CRC phenotype characterised by strong peritumoural inflammation (KM), was found to 

be associated with lower membrane Fascin expression. Fascin over-expression has been 

implicated in chronic inflammation-related colorectal cancer carcinogenesis(Kanda et al., 

2018). Conversely, strong peritumoural inflammation in the context of CRC as a whole, is 

known to be a good prognostic indicator(Alexander et al., 2020b) and appears to be 

protective against mesenchymal phenotype(Park et al., 2015, Li et al., 2018a). Therefore, the 

presence of lower membrane Fascin expression in GMS 0 may be reflective of a less 

aggressive phenotype than the other two GMS categories. Furthermore, membrane and 

nuclear expression of B-catenin was significantly lower in GMS 0. The loss of membrane 

B-catenin is believed to occur simultaneously with the loss of membrane E-cadherin and is 

one of the hallmarks of EMT(Brabletz et al., 2005). The data demonstrates that this 

group, while categorised by the protective feature of strong peritumoural inflammation, 

have a lower membrane expression of B-catenin than tumours with weak peritumoural 

inflammation, a feature that Roseweir et al.(Roseweir et al., 2019) found to predict worse 

outcome. Briede et al.(Briede et al., 2020) recently published a study on a Latvian CRC 

cohort finding no association with peritumoural inflammation and E-cadherin, but did not 

assess any other markers of EMT. Zlobec et al.(Zlobec et al., 2007), on the other hand, found 

peritumoural inflammation to be protective against the otherwise negative feature of E-
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cadherin loss. These studies both used E-cadherin as a primary marker of EMT. No other 

studies were identified assessing peritumoural inflammation in the context of other markers 

of EMT. It is unclear why there would be lower expression of membrane B-catenin in this 

group. However, it may be that, whilst not directly linked, the strong peritumoural 

inflammation is protective in spite of loss of membrane B-catenin in this subgroup.  

GMS 1 defines a CRC phenotype with neither strong peritumoural inflammation, nor high 

TSP and believed to represent CMS 2 and 3. This phenotype was previously demonstrated 

to have an intermediate survival outcome compared with the other two GMS 

categories(Park et al., 2015, Alexander et al., 2020c). GMS 1 tumours were observed to 

have the highest membrane and cytoplasmic Fascin. Due to Fascin’s role in bundling the 

cell’s actin cytoskeleton and the greater motility of cells with higher levels of 

Fascin(Vignjevic et al., 2007), this may indicate that some of these tumours already have 

features of EMT, although they do not display the phenotype of higher TSP.  

In GMS 2, the CRC phenotype characterised by high TSP and worse survival, there were 

greater numbers of tumours with high nuclear B-catenin, in keeping with a mesenchymal 

phenotype. However, cytoplasmic Fascin levels were lower in this group and the role of 

cytoplasmic Fascin is therefore unclear. Perhaps the role of Fascin in the EMT process is 

in facilitating transition to the mesenchymal phenotype and it may play a lesser role once 

this phenotype has been attained.  This feature also requires further investigation in 

independent cohorts. There were fewer associations between EMT markers and GMS 2 than 

originally anticipated. This may reflect the fact that high tumour stroma may not in fact 

indicate evidence of EMT, but instead reflect the ability of the tumour to recruit the hosts 

local fibroblasts and transform these by a variety of chemokines to enable the negative 

pathological features associated with high tumour stroma, such as neoangiogenesis(Conti 

and Thomas, 2011, McCorry et al., 2018). Furthermore, Menezes et al.(Menezes et al., 2022) 

have described a plasticity and adaptability in the different subpopulations of cancer 
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associated fibroblasts, which are able to convert from myofibroblasts to inflammatory 

fibroblasts. They discuss these with regard to the tumour’s ability to resist chemotherapy, 

but the different subpopulations of cancer associated fibroblasts illustrate the complex nature 

of the interactions between tumour and host. 

In conclusion, the data presented confirm the prognostic significance of markers of EMT in 

CRC that have been identified in previous studies, in particular B-catenin and membrane 

Zeb-1. Furthermore, markers of EMT have been demonstrated to associate with individual 

GMS categories in a manner not previously identified. Specifically, nuclear B-catenin levels 

increased with increasing GMS category; membrane Fascin levels similarly were lowest in 

GMS 0 and highest in GMS 1, which may indicate an early role in transition to the 

mesenchymal phenotype that is less pronounced after this phenotypic appearance has been 

achieved. These findings warrant further investigation in independent patient cohorts.  

The significance of GMS was therefore demonstrated in relation to other known prognostic 

biomarkers in CRC.  
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4. GMS VALIDATION 
Attention was next turned to the validating the GMS in additional patient cohorts. Until the 

present research project, GMS had been reported only in the patients of Glasgow Royal 

Infirmary represented by the JP TMA(Park et al., 2015). 

Four cohorts were selected for further study of GMS. The first was the AP TMA 

(presented as a poster at ASCO GI in 2020(Alexander et al., 2020a). Secondly, the GRI-

CRC-TMA cohort was used to assess interesting findings in colon cancers identified in the 

AP TMA cohort. Thirdly, the combined JP-AP TMA was assessed as an expanded cohort 

to enable the role of GMS in subgroup analysis. Finally, the TransScot cohort, subject to 

less bias data were collected within the context of a clinical trial, was used to validate the 

GMS. The data for these latter two cohorts were published together in the BJC(Alexander 

et al., 2020c). 

4.1 SPECIFIC METHODS 

4.1.1 Patient cohorts 

The AP TMA was used to initially validate GMS in an independent cohort of CRC patients. 

Four-hundred and ninety-five TNM II-III colon cancer specimens were identified 

retrospectively from this database All patients had undergone surgery with 

curative intent between 2000 and 2007. Those who had endoscopic or 

palliative procedures and those with involved surgical margins (R1) were excluded. The 

primary endpoints were cancer-specific survival (CSS; defined as time from surgery to death 

from colon cancer) and overall survival (OS; measured from date of surgery until all-cause 

mortality). Survival data were available until the 1st July 2020.  

The GRI-CRC-TMA dataset: the patients in this cohort were derived from a previously 

published cohort of one thousand patients having colorectal cancers resected between 

January 1997 and May 2013 in Glasgow Royal Infirmary(Park et al., 2016b).  However, 

specimens were only available for 849 cases. The following exclusions were applied: thirty-
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day mortality, rectal cancer, TNM 4 disease, and R1 resection (positive resection margins). 

Of the patients with samples available, there were 554 remaining following exclusions. The 

primary endpoints were cancer-specific survival (CSS; defined as time from surgery to death 

from colon cancer) and overall survival (OS; measured from date of surgery until all-cause 

mortality). Survival data were available until the 1st July 2020. 

The combined JP-AP TMA was used to create an expanded validation cohort. The combined 

JP-AP cohort was chosen for publication as the increased numbers enabled further 

evaluation of T-stage and N-stage by GMS subgroup. This cohort included 862 TNM I-III 

CRC, combining individuals from the discovery Glasgow Royal Infirmary cohort (n=231) 

with additional patients identified retrospectively from other Glasgow hospitals (Western 

Infirmary, Gartnavel General and Stobhill Hospitals) who had undergone surgery with 

curative intent from 2000-2007 (n=631). Those who had endoscopic or 

palliative procedures and those with involved surgical margins (R1) were excluded. The 

primary endpoint was disease-free survival (DFS; measured from date of 

surgery/randomization to date of recurrence or all-cause mortality) for this cohort, in order 

to aid comparison with the TransScot cohort. In addition, relapse-free survival (RFS; 

measured from date of surgery to date of recurrence or CRC-related mortality), cancer-

specific survival (CSS; measured from date of surgery until CRC-related mortality) and 

overall survival (OS; measured from date of surgery until all-cause mortality) were 

calculated. Survival data was complete up until 9th February 2017 for this cohort, which 

functioned as censor date. 

The TransScot cohort comprised 2912 patients with available tissue from the SCOT adjuvant 

chemotherapy trial (ISRCTN no. 59757862) who had undergone potentially curative 

resection for high-risk TNM II or TNM III CRC from 2008-2013 within the UK. All patients 

were followed up for at least 3 years. The primary endpoint was disease-free survival (DFS; 

measured from date of surgery/randomization to date of recurrence or all-cause mortality) 
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for this cohort. DFS was the only form of survival data available for study in this cohort. 

Survival data was complete up until the end of the study period for the TransSCOT cohort. 

Those who died within 30 days of surgery were excluded from all cohorts.  

4.1.2 Clinicopathological characteristics 

Tumour budding(van Wyk et al., 2019) and MMR status(Powell, 2016) were already 

available for this cohort. The Petersen index was used to assess clinical risk as in clinical 

practice indicating low or high-risk stage II colorectal cancer(Petersen et al., 2002): venous 

invasion and peritoneal involvement were assigned a score of 1, while tumour perforation 

was assigned a score of 2. TNM II disease with Petersen index of 2 or higher, or TNM III 

disease was considered high-risk. Peritumoural inflammatory scores (KM grade) and 

tumour stromal percentage scores (TSP) were already available(van Wyk et al., 2019). These 

were combined as the GMS as previously described(Alexander et al., 2020c). The Methods 

Chapter also outlines the technique in full (sections 2.4.1 and 2.4.2). The modified Glasgow 

Prognostic score (mGPS) was calculated using serum CRP (C-reactive protein) and albumin 

levels obtained in the 30 days before surgery or at the time of admission as previously 

described(Park et al., 2016b).  

4.1.3 Immunohistochemical staining 

Immunohistochemistry for generic T-cell (CD3) and cytotoxic (CD8) T-cell densities within 

the invasive margin, tumour stroma and cancer cell nests had previously been performed and 

reported for the JP TMA(Richards et al., 2014). In addition, a composite CD3/CD8 score 

comprising respective densities in the tumour centre and invasive margin was calculated, 

ranging from 0 (both CD3 and CD8 low in both regions) to 4 (both high in both regions).  

4.1.4 Mutational analysis 

Mutational analysis was performed on a subset of patients from the combined JP-AP TMA 

(n=251). DNA was extracted from FFPE sections by NHS Tayside diagnostics and stored at 

-80oC. DNA concentration was determined using Qubit assays (Thermo Fisher Scientific, 
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MA, USA) and samples with ≥150ng DNA were included in the study. DNA was diluted to 

4ng/µl and transferred to barcoded library tubes. Sequencing was performed by the Glasgow 

Precision Oncology Laboratory (GPOL) using the GPOL 151 CORE Cancer gene panel and 

run on a HiSeq4000 (Illumina, CA, USA). Data for KRAS and BRAF were converted to 

mutation annotation format and analysed using BiocManager maftools package in RStudio 

(R Studio, Inc, MA, USA). 

4.1.5 Statistical analysis  

All data analysis was performed using SPSS version 28.0 (IBM SPSS). Kaplan-Meier and 

log-rank analysis compared survival adjusted for T-stage, N-stage and treatment duration, 

where appropriate. Hazard ratios (HR) and confidence intervals (CI) were calculated from 

univariate Cox regression survival analysis. Multivariable survival analysis using a 

backward conditional elimination model and a statistical significance threshold of p-

value<0.1 was performed to identify independent prognostic biomarkers. Text results are 

reported as HR, 95% CI for GMS 0 vs GMS 2, but p-value given is for log-rank analysis of 

overall trend. Pearson chi-squared test was used to test associations between categorical 

variables and GMS. 
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4.2 VALIDATING THE GMS IN THE AP TMA 

4.2.1 Results of survival analysis in the AP TMA cohort 

In the AP TMA cohort, there were 495 patients with stage I-III colon cancer and a valid 

GMS. Clinicopathological characteristics are presented in table 4.1. Fifty-seven percent of 

patients were younger than 75 at the time of surgery and 36% were node-positive. One 

hundred and forty-seven patients (30%) were GMS of 0, 277 patients (56%) were GMS 1 

and 71 patients (14%) were GMS 2. The median length of follow up of survivors was 11.8 

years (Interquartile range: 10.0-13.75). During follow up there were 310 deaths, of which 

125 were colon cancer-related. Five-year CSS was 77% across the cohort. For stages I, II 

and III, respectively, 5-year CSS rates were 98%, 82% and 62%.  
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Table 4.1. Clinicopathological characteristics and their relation to GMS in patients 

undergoing curative resection for colon cancer (AP TMA) 

Clinicopathological characteristics GMS 
 N (%)a 0     (n=147) 

N          (%) 
1     (n=277) 
N          (%) 

2     (n=71) 
N        (%) 

P 

Age          
<65 125 (25) 35 (24) 62 (22) 28 (39) 0.03 
65-74 158 (32) 44 (30) 93 (34) 21 (30)  
>74 212 (43) 68 (46) 122 (44) 22 (31)  

Gender          
Female 245 (49) 79 (54) 136 (49) 35 (49) 0.44 
Male 250 (51) 68 (46) 141 (51) 36 (51)  

Presentation          
Elective 341 (69) 117 (80) 179 (65) 45 (63) 0.003 
Emergency 154 (31) 30 (20) 98 (35) 26 (37)  

TNM          
I-II 321 (65) 112 (76) 175 (63) 34 (48) <0.001 
III 174 (35) 35 (24) 102 (37) 37 (52)  

T-stage          
1 21 (4) 16 (11) 5 (2) 0  <0.001 
2 53 (11) 28 (19) 20 (7) 5 (7)  
3 279 (56) 74 (50) 167 (60) 38 (54)  
4 142 (29) 29 (20) 85 (31) 28 (39)  

N-stage          
0 320 (65) 112 (76) 174 (63) 34 (48) <0.001 
1 117 (24) 26 (18) 67 (24) 24 (34)  
2 57 (12) 9 (6) 35 (13) 13 (18)  

Differentiation          
Well/mod 444 (90) 133 (90) 245 (88) 66 (93) 0.79 
Poor 51 (10) 14 (10) 32 (12) 5 (7)  

Venous invasion          
Absent 341 (69) 116 (79) 189 (68) 36 (51) <0.001 
Present 154 (31) 31 (21) 88 (32) 35 (49)  

Tumour budding          
Present 123 (25) 41 (28) 64 (23) 18 (25) 0.51 
Absent 372 (75) 106 (72) 213 (77) 53 (75)  

MMR          
Proficient 391 (79) 104 (71) 227 (82) 60 (86) 0.003 
Deficient 102 (21) 43 (29) 49 (18) 10 (14)  

apercentages rounded to nearest whole number – may not total 100%. Bold indicates p<0.05 
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Associations between GMS and CSS were assessed (Table 4.2). CSS was stratified by 

GMS in the whole cohort with 5-year CSS of 89%, 74% and 66% for GMS 0, 1 and 2, 

respectively (GMS 0 vs GMS 2: HR 3.12 95% CI 1.74-5.58, p<0.001; Figure 4.1A). On 

multivariate analysis for CSS, GMS remained independent (p=0.04) of emergency 

presentation (p<0.01), T-stage (p=0.03) and N-stage (p<0.001), (Table 4.3). Subgroup 

analysis was performed according to mode of presentation, node-negative/-positive 

disease, venous invasion and MMR-status (Table 4.2). GMS stratified CSS for elective 

presentation (GMS 0 vs GMS 2; HR 3.22 95% CI 1.47-7.05, p=0.001), but was unable to 

stratify CSS in emergency presentation. GMS stratified CSS for node-negative (GMS 0 vs 

GMS 2; HR 3.55 95% CI 1.62-7.79, p=0.003), (Figure 4.1B). However, for node-positive 

disease, the picture was somewhat complex, since the GMS 2 patients in this subgroup for 

this cohort did not follow the expected trajectory. Therefore, while the trend was not 

significant for GMS as a whole, CSS was nevertheless stratified in this subgroup for GMS 

0 vs GMS 1 (HR 2.98 95% CI 1.35-6.59), evidencing the protective effect of strong KM 

(Figure 4.1C). GMS stratified CSS regardless of the presence of venous invasion (venous 

invasion absent: GMS 0 vs GMS 2; HR 2.31 95% CI 1.07-4.97, p=0.01; venous invasion 

present: GMS 0 vs GMS 2; HR 4.37 95% CI 1.45-13.18, p<0.01). Finally, GMS was able 

to stratify MMR-proficient tumours (GMS 0 vs GMS 2; HR 3.95 95% CI 1.91-8.16, 

p<0.001, Figure 4.1D), but was unable to stratify CSS in MMR-deficient disease (n=102), 

due to small sample size (Figure 4.1E). 
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Table 4.2. Cancer-specific survival for GMS according to mode of presentation, TNM 

stage, venous invasion and MMR status in patients undergoing curative resection for stage 

I-III colon cancer (AP TMA). 

Group (GMS category) Survival 
 N 5-year CSS 

(%; SE) 
Events 

(N=123) 
 HR (95% CI)  P 

Whole cohort     Trend  <0.001 
0 147 89 (3) 20  1.0 (reference)   
1 277 74 (3) 77  2.33 (1.42-3.81)  0.001 
2 71 66 (6) 26  3.12 (1.74-5.58)  <0.001 
        

Elective presentation     Trend  0.001 
0 117 92 (3) 12  1.0 (reference)   
1 179 78 (3) 43  2.55 (1.34-4.83)  <0.01 
2 45 73 (7) 13  3.22 (1.47-7.05)  <0.01 

Emergency presentation     Trend  0.11 
0 30 76 (8) 8  1.0 (reference)   
1 98 64 (5) 34  1.49 (0.91-3.23)  0.31 
2 26 53 (10) 13  2.05 (0.85-4.95)  0.11 

        
Stage I-II (N 0)      Trend  0.003 

0 112 91 (3) 13  1.0 (reference)   
1 175 87 (3) 28  1.48 (0.76-2.85)  0.25 
2 34 64 (8) 12  3.55 (1.62-7.79)  <0.01 

Stage III (N 1-2)     Trend  0.17 
0 35 84 (7) 7  1.0 (reference)   
1 102 51 (5) 49  2.98 (1.35-6.59)  <0.01 
2 37 69 (8) 14  2.11 (0.85-5.23)  0.11 

        
Venous invasion absent     Trend  0.01 

0 116 90 (3) 16  1.0 (reference)   
1 189 77 (3) 46  1.92 (1.09-3.39)  0.03 
2 36 76 (7) 11  2.31 (1.07-4.97)  0.03 

Venous invasion present     Trend  <0.01 
0 31 89 (6) 4  1.0 (reference)   
1 88 66 (5) 31  3.52 (1.24-9.97)  0.02 
2 35 56 (9) 15  4.37 (1.45-13.18)  <0.01 
        

MMR-proficient     Trend  <0.001 
0 104 91 (3) 11  1.0 (reference)   
1 227 71 (3) 71  3.48 (1.84-6.57)  <0.001 
2 60 68 (6) 22  3.95 (1.91-8.16)  <0.001 

MMR-deficient     Trend  0.83 
0 43 84 (6) 9  1.0 (reference)   
1 49 86 (5) 6  0.61 (0.22-1.72)  0.35 
2 10 63 (17) 3  1.90 (0.51-7.05)  0.34 
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Figure 4.1. GMS stratification of CSS according to nodal and MMR status in stage I-III colon cancer (AP TMA). (A) Full cohort (n=495), (B) Node-

negative (n=320), (C) Node-positive (n=174), (D) MMR-proficient (n-391) and (E) MMR deficient (n=102).
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Table 4.3. Survival analysis for clinicopathological characteristics in patients undergoing 

curative resection for stage I-III colon cancer (AP TMA). 

Clinicopathological characteristics Cancer-specific survival 
 N (%)a Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P 

Age       
<65 125 (25)     
65-74 158 (32)     
>74 212 (43) 1.12 (0.90-1.40) 0.31   

Gender       
Female 245 (49)     
Male 250 (51) 1.25 (0.88-1.77) 0.22   

Presentation       
Elective 341 (69)     
Emergency 154 (31) 2.34 (1.64-3.23) <0.001 1.67 (1.15-2.43) <0.01 

TNM       
I-II 321 (65)     
III 174 (35) 2.67 (1.96-3.62) <0.001b   

T-stage       
1 21 (4)     
2 53 (11)     
3 279 (56)     
4 142 (29) 2.28 (1.71-3.04) <0.001 1.97 (1.06-3.68) 0.03 

N-stage       
0 320 (65)     
1 117 (24)     
2 57 (12) 1.95 (1.57-2.43) <0.001 1.66 (1.31-2.09) <0.001 

Differentiation       
Well/mod 444 (90)     
Poor 51 (10) 1.78 (1.07-2.98) 0.03 – 0.31 

Venous invasion       
Absent 341 (69)     
Present 154 (31) 1.63 (1.14-2.34) <0.01 – 0.52 

Tumour budding       
Present 123 (25)     
Absent 372 (75) 1.37 (0.94-2.01) 0.11   

MMR       
Proficient 391 (79)     
Deficient 102 (21) 0.66 (0.40-1.09) 0.11   

Tumour perforation       
No 464 (94)     
Yes 31 (6) 1.38 (1.04-1.85) 0.03 – 0.48 

Lymph node yield       
≥12 304 (61)     
<12 191 (39) 1.35 (0.95-1.92) 0.10   

Peritoneal involvement       
No 360 (73)     
Yes 135 (27) 2.45 (1.72-3.48) <0.001 – 0.58 

GMS       
0 147 (30)     
1 277 (56)     
2 71 (14) 1.73 (1.33-2.26) <0.001 1.35 (1.02-1.79) 0.04 

apercentages rounded to nearest whole number and may not total 100% 
bnot included in multivariate model as T-stage and N-stage included separately 

Bold indicates p<0.05 
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Next, associations between GMS and OS were assessed (Table 4.4). OS was stratified by 

GMS in the whole cohort with 5-year CSS of 78%, 58% and 56% for GMS 0, 1 and 2, 

respectively and while GMS 0 vs GMS 2 was not significant (p0.06), there was a 

significant difference for GMS 0 vs GMS 1 (HR 1.46 95% CI 1.12-1.90, p=0.006; Figure 

4.2A). On multivariate analysis for OS, GMS remained independent (p=0.02) of age 

(p<0.001), emergency presentation (p<0.001), N-stage (p<0.001) and tumour 

differentiation (p=0.04) (Table 4.5). Subgroup analysis was performed according to mode 

of presentation, node-negative/-positive disease, venous invasion and MMR-status (Table 

4.4). Whilst GMS stratified OS for elective presentation as a whole, GMS 0 vs GMS 1 was 

significant as for the whole cohort (HR 1.47 95% CI 1.03-2.03, p=0.02). GMS was also 

unable to stratify OS in emergency presentation(p=0.81).  GMS was unable to stratify OS 

for node-negative disease (p=0.50, Figure 4.2B). However, for node-positive disease, as 

for the whole cohort and elective cancer, GMS 0 vs GMS 2 was not significant (p=0.81), 

while GMS 0 vs GMS 1 was significant (HR 2.07 95% CI 1.20-3.5, p=0.009; Figure 4.2C). 

GMS was unable to stratify OS when venous invasion was absent (p=0.50) but was able to 

stratify OS in the presence of venous invasion (GMS 0 vs GMS 2; HR 2.10 95% CI 1.04-

4.26, p<0.04). Finally, in MMR-proficient tumours, GMS was once again only able to 

stratify OS for GMS 0 vs GMS 1 (HR 1.70 95% CI 1.24-2.33, p=0.001, Figure 4.2D), but 

was unable to stratify OS in MMR-deficient disease (p=0.61; Figure 4.2E). 
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Table 4.4. Overall survival for GMS according to mode of presentation, TNM stage, 

venous invasion, and MMR status in patients undergoing curative resection for stage I-III 

colon cancer (AP TMA). 

Group (GMS category) Overall Survival 
 N 5-year OS 

(%; SE) 
Events 

(N=304) 
 HR (95% CI)  P 

Whole cohort     Trend  0.019 
0 147 76 (4) 77  1.0 (reference)   
1 277 58 (3) 182  1.46 (1.12-1.90)  0.006 
2 71 56 (6) 45  1.43 (0.99-2.06)  0.058 
        

Elective presentation     Trend  0.057 
0 117 81 (4) 57  1.0 (reference)   
1 179 64 (4) 114  1.47 (1.07-2.03)  0.017 
2 45 62 (7) 25  1.36 (0.85-2.18)  0.20 

Emergency presentation     Trend  0.81 
0 30 57 (9) 20  1.0 (reference)   
1 98 48 (5) 68  1.17 (0.71-1.93)  0.54 
2 26 46 (10) 20  1.19 (0.64-2.21)  0.59 

        
Stage I-II (N 0)      Trend  0.50 

0 112 77 (4) 61  1.0 (reference)   
1 175 68 (4) 107  1.20 (0.87-1.64)  0.27 
2 34 55 (9) 19  1.24 (0.74-2.07)  0.42 

Stage III (N 1-2)     Trend  0.03 
0 35 74 (7) 16  1.0 (reference)   
1 102 42 (5) 74  2.07 (1.20-3.55)  0.009 
2 37 57 (8) 26  1.75 (0.94-3.27)  0.07 

        
Venous invasion absent     Trend  0.28 

0 116 76 (4) 65  1.0 (reference)   
1 189 62 (4) 122  1.28 (0.95-1.73)  0.11 
2 36 63 (8) 23  1.19 (0.74-1.92)  0.47 

Venous invasion present     Trend  <0.04 
0 31 77 (8) 12  1.0 (reference)   
1 88 51 (5) 60  2.22 (1.19-4.13)  0.012 
2 35 49 (8) 22  2.10 (1.04-4.26)  0.040 
        

MMR-proficient     Trend  0.005 
0 104 80 (4) 51  1.0 (reference)   
1 227 57 (3) 154  1.70 (1.24-2.33)  0.001 
2 60 58 (6) 37  1.49 (0.98-2.28)  0.064 

MMR-deficient     Trend  0.61 
0 43 67 (7) 26  1.0 (reference)   
1 49 65 (7) 28  0.92 (0.54-1.57)  0.76 
2 10 50 (16) 7  1.40 (0.61-3.25)  0.43 
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Figure 4.2. GMS stratification of OS according to nodal and MMR status in stage I-III colon cancer (AP TMA). (A) Full cohort (n=495), (B) Node-

negative (n=320), (C) Node-positive (n=174), (D) MMR-proficient (n-391) and (E) MMR deficient (n=102).
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Table 4.5. Overall survival analysis for clinicopathological characteristics in patients 

undergoing curative resection for stage I-III colon cancer (AP TMA). 

Clinicopathological characteristics Overall survival 
 N (%)a Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P 

Age       
<65 125 (25)     
65-74 158 (32)     
>74 212 (43) 1.95 (1.66-2.28) <0.001 2.13 (1.81-2.52) <0.001 

Gender       
Female 245 (49)     
Male 250 (51) 1.17 (0.93-1.46) 0.18   

Presentation       
Elective 341 (69)     
Emergency 154 (31) 1.60 (1.26-2.02) <0.001 1.71 (1.34-2.17) <0.001 

TNM       
I-II 321 (65)     
III 174 (35) 1.31 (1.10-1.56) 0.002b   

T-stage       
1 21 (4)     
2 53 (11)     
3 279 (56)     
4 142 (29) 1.23 (1.06-1.44) 0.008 – 0.23 

N-stage       
0 320 (65)     
1 117 (24)     
2 57 (12) 1.30 (1.11-1.52) 0.001 1.33 (1.13-1.56) <0.001 

Differentiation       
Well/mod 444 (90)     
Poor 51 (10) 1.46 (1.02-2.09) 0.04 – 0.08 

Venous invasion       
Absent 341 (69)     
Present 154 (31) 1.15 (0.90-1.47) 0.26   

Tumour budding       
Present 123 (25)     
Absent 372 (75) 1.12 (0.87-1.45) 0.37   

MMR       
Proficient 391 (79)     
Deficient 102 (21) 0.94 (0.71-1.24) 0.65   

Tumour perforation       
No 464 (94)     
Yes 31 (6) 1.06 (0.84-1.33) 0.64   

Lymph node yield       
≥12 304 (61)     
<12 191 (39) 1.11 (0.88-1.40) 0.37   

Peritoneal involvement       
No 360 (73)     
Yes 135 (27) 1.27 (0.99-1.63) 0.06 – 0.93 

GMS       
0 147 (30)     
1 277 (56)     
2 71 (14) 1.23 (1.04-1.46) 0.017 1.25 (1.05-1.50) 0.015 

apercentages rounded to nearest whole number and may not total 100% 
bnot included in multivariate model as T-stage and N-stage included separately 
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4.2.2 Implications of Results in the AP TMA cohort 

Whilst the original study using the JP TMA cohort looked at colorectal cancer as a whole, 

this study aimed to replicate those results in an entirely independent cohort (the AP TMA 

cohort was therefore chosen for this purpose), whilst also selecting out purely colon 

cancers. The reason for selecting only colon cancers was that there had been some 

anecdotal problems encountered in assessing TSP in rectal cancers following radiotherapy 

as this produced a fibrotic response(Hav et al., 2015). Therefore, in excluding the rectal 

cancers, the hope was that we would have a purer cohort to assess the effects of GMS. 

There were differences in the construction of the two patient cohorts. Whilst the JP TMA 

cohort was prospectively collected from consecutive colorectal cancers identified at a 

single hospital’s multidisciplinary team meetings, the AP TMA cohort was a curated series 

identified retrospectively by selecting patients from a range of other hospitals, whose 

pathology samples were processed in the same laboratory. This may have had some impact 

on the results encountered. 

GMS stratified cancer-specific survival as expected from the previous study(Park et al., 

2015), with a good prognosis indicated by GMS 0 and a poor prognosis indicated by GMS 

2, with GMS 1 having on the whole an intermediate outcome. This seemed to be in 

keeping with previous results. The exception, however, was in node-positive subgroup 

where a sharp decline was seen in CSS in the GMS 1 group on Kaplan-Meier analysis (Fig 

5.1C). Similarly, when assessing overall survival, the GMS 1 group had a consistently poor 

outcome across a range of subgroups, worse on many occasions than that of GMS 2, which 

was unexpected as it did not fit with our hypothesis that GMS 2 was a phenotype with poor 

prognosis. 

It is known that GMS 1 represents a heterogenous group with a likely wide range of 

genetic and transcriptomic tumour-related factors, whilst GMS 2 are categorised by high 

tumour stroma, which is generally a poor prognostic indicator. 
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It is possible that the curated nature of the series may have removed an element of normal 

distribution, thereby biasing the survival of the GMS 1 subgroup, or it could be the nature 

of some of the heterogenous tumours in GMS 1 that contributed to the observed survival 

differences. Furthermore, the decision to study GMS in a purely colonic setting, rather than 

colon and rectal may have been responsible for the different outcomes. 

In order to investigate this further, a newly fashioned consecutive TMA cohort (the GRI-

CRC-TMA) was selected to further assess these results in colon cancers. 

4.3 VALIDATING THE GMS IN COLON CANCER IN THE GRI-CRC-TMA 

4.3.1 Results of survival analysis in the GRI-CRC-TMA cohort 

In the GRI-CRC-TMA cohort, there were 554 patients with stage I-III colon cancer and a 

valid GMS. Clinicopathological characteristics are presented in Table 4.6. Sixty-three 

percent of patients were younger than 75 at the time of surgery and 37% were node-

positive. Ninety-three patients (17%) were GMS 0, 359 patients (65%) were GMS 1 and 

102 patients (18%) were GMS 2. The median length of follow up of survivors was 10.4 

years (Interquartile range: 8.4-14.3). During follow up there were 340 deaths, of which 139 

were colon cancer-related. Five-year CSS was 80% across the cohort. For stages I, II and 

III, respectively, 5-year CSS rates were 95%, 87% and 66%. 
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Table 4.6. Clinicopathological characteristics and their relation to GMS in patients 

undergoing curative resection for colon cancer (GRI-CRC-TMA) 

Clinicopathological characteristics GMS 
 N (%)a 0     (n=93) 

N          (%) 
1     (n=359) 
N          (%) 

2     (n=102) 
N        (%) 

P 

Age          
<65 166 (30) 36 (39) 102 (28) 28 (28) 0.41 
65-74 181 (33) 23 (25) 120 (37) 38 (37)  
>74 207 (37) 34 (37) 137 (35) 36 (35)  

Gender          
Female 262 (47) 38 (41) 182 (51) 42 (41) 0.97 
Male 292 (53) 55 (59) 177 (49) 60 (59)  

Presentation          
Elective 494 (89) 86 (93) 324 (90) 84 (82) 0.02 
Emergency 60 (11) 7 (8) 35 (10) 18 (18)  

TNM          
I-II 349 (63) 75 (75) 232 (65) 42 (41) <0.001 
III 205 (27) 18 (19) 127 (35) 60 (59)  

T-stage          
1 23 (4) 7 (8) 16 (5) 0  <0.001 
2 56 (10) 22 (24) 32 (9) 2 (2)  
3 305 (55) 51 (55) 202 (56) 52 (51)  
4 170 (31) 13 (14) 109 (30) 48 (47)  

N-stage          
0 349 (63) 75 (81) 232 (65) 42 (41) <0.001 
1 151 (27) 16 (17) 93 (26) 42 (41)  
2 54 (10) 2 (2) 34 (10) 18 (18)  

Differentiation          
Well/mod 491 (89) 90 (97) 310 (87) 91 (89) 0.11 
Poor 60 (9) 3 (3) 46 (13) 11 (11)  

Venous invasion          
Absent 269 (49) 58 (62) 175 (49) 36 (35) <0.001 
Present 285 (51) 35 (38) 184 (51) 66 (65)  

apercentages rounded to nearest whole number – may not total 100% 
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Associations between GMS and CSS were assessed (Table 4.7). CSS was stratified by 

GMS in the whole cohort with 5-year CSS of 94%, 81% and 65% for GMS 0, 1 and 2, 

respectively (GMS 0 vs GMS 2: HR 3.54 95% CI 1.92-6.61, p<0.001; Figure 4.3A). On 

multivariate analysis for CSS, GMS remained independent (p=0.02) of age (p=0.002), 

emergency presentation (p=0.04), T-stage (p=0.001), N-stage (p<0.001), and tumours with 

<12 nodes sampled (p=0.01), (Table 4.8). Subgroup analysis was performed according to 

mode of presentation, node-negative/-positive disease, and venous invasion (Table 4.7). 

GMS stratified CSS for elective presentation (GMS 0 vs GMS 2; HR 3.21 95% CI 1.64-

6.30, p=0.002), but was unable to stratify CSS in emergency presentation, due to small 

sample size. GMS stratified CSS for node-negative (GMS 0 vs GMS 2; HR 2.62 95% CI 

1.13-6.07, p<0.05), (Figure 4.3B), as well as node-positive disease, although the overall 

trend was not significant (GMS 0 vs GMS 2; HR 3.14 95% CI 1.10-8.95, p=0.06), (Figure 

4.3C). GMS stratified CSS regardless of the presence of venous invasion (venous invasion 

absent: GMS 0 vs GMS 2; HR 2.80 95% CI 1.24-6.31, p=0.01; venous invasion present: 

GMS 0 vs GMS 2; HR 4.79 95% CI 1.67-13.74, p=0.007).  
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Table 4.7. Cancer-specific survival for GMS according to mode of presentation, TNM 

stage, and venous invasion in patients undergoing curative resection for stage I-III colon 

cancer (GRI-CRC-TMA). 

Group 
 

GMS category 
Survival 

 N 5-year CSS 
(%; SE) 

Events 
(N=139) 

 HR (95% CI)  P 

Whole cohort     Trend  <0.001 
0 93 94 (2) 14  1.0 (reference)   
1 359 81 (2) 85  1.78 (1.01-3.13)  0.046 
2 102 65 (5) 40  3.54 (1.92-6.51)  <0.001 
        

Elective presentation     Trend  0.002 
0 86 95 (2) 12  1.0 (reference)   
1 324 82 (2) 73  1.83 (0.99-3.37)  0.05 
2 84 69 (5) 29  3.21 (1.64-6.30)  <0.001 

Emergency presentation     Trend  <0.05 
0 7 86 (13) 2  1.0 (reference)   
1 35 70   (8) 12  1.39 (0.31-6.22)  0.31 
2 18 63   (9) 11  3.62 (0.79-16.53)  0.11 

        
Stage I-II (N 0)      Trend  <0.05 

0 75 96 (2) 10  1.0 (reference)   
1 232 88 (2) 37  1.29 (0.64-2.59)  0.48 
2 42 79 (7) 12  2.62 (1.13-6.07)  0.03 

Stage III (N 1-2)     Trend  0.06 
0 18 89 (8) 4  1.0 (reference)   
1 127 68 (4) 48  2.11 (0.76-5.85)  0.15 
2 60 55 (7) 28  3.14 (1.10-8.95)  0.03 

        
Venous invasion absent     Trend  0.01 

0 58 94 (3) 10  1.0 (reference)   
1 175 86 (3) 33  1.17 (0.58-2.37)  0.67 
2 36 64 (8) 14  2.80 (1.24-6.31)  0.01 

Venous invasion present     Trend  0.007 
0 35 94 (4) 4  1.0 (reference)   
1 184 75 (3) 52  2.92 (1.06-8.08)  0.04 
2 66 66 (6) 26  4.79 (1.67-13.74)  0.004 
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Figure 4.3. GMS stratification of CSS according to nodal status in stage I-III colon cancer (GRI-CRC-TMA). (A) Full cohort (n=554), (B) Node-negative 

(n=349), (C) Node-positive (n=205)
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Table 4.8. Cancer-specific survival analysis for clinicopathological characteristics in 

patients undergoing curative resection for stage I-III colon cancer (GRI-CRC-TMA). 

Clinicopathological characteristics Cancer-specific survival 
 N (%)a Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P 

Age       
<65 166 (30)     
65-74 181 (33)     
>74 207 (37) 1.37 (1.11-1.69) 0.003 1.41 (1.14-1.74) 0.002 

Gender       
Female 262 (47)     
Male 292 (53) 1.01 (0.73-1.41) 0.94   

Presentation       
Elective 494 (89)     
Emergency 60 (11) 2.13 (1.38-3.28) <0.001 1.62 (1.04-2.54) 0.03 

TNM       
I-II 349 (63)     
III 205 (27) 2.46 (1.84-3.28) <0.001b   

T-stage       
1 23 (4)     
2 56 (10)     
3 305 (55)     
4 170 (31) 2.00 (1.53-2.60) <0.001 1.59 (1.20-2.10) 0.001 

N-stage       
0 349 (63)     
1 151 (27)     
2 54 (10) 1.95 (1.57-2.42) <0.001 1.73 (1.37-2.19) <0.001 

Differentiation       
Well/mod 491 (89)     
Poor 60 (9) 1.15 (0.67-1.96) 0.61   

Venous invasion       
Absent 269 (49)     
Present 285 (51) 1.52 (1.08-2.13) 0.02 – 0.67 

Tumour perforation       
No 539 (97)     
Yes 15 (3) 1.35 (0.50-3.64) 0.56   

Lymph node yield       
≥12 412 (74)     
<12 142 (36) 1.42 (0.99-2.03) 0.06 1.60 (1.11-2.31) 0.01 

Peritoneal involvement       
No 400 (72)     
Yes 154 (28) 2.35 (1.68-3.29) <0.001 – 0.75 

GMS       
0 93 (17)     
1 359 (65)     
2 102 (18) 1.92 (1.44-2.55) <0.001 1.44 (1.07-1.94) 0.02 

apercentages rounded to nearest whole number and may not total 100% 
bnot included in multivariate model as T-stage and N-stage included separately 

Bold indicates p<0.05 
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Associations between GMS and OS were assessed (Table 4.9). OS was stratified by GMS 

in the whole cohort with 5-year OS of 84%, 67% and 53% for GMS 0, 1 and 2, 

respectively (GMS 0 vs GMS 2: HR 1.95 95% CI 1.34-2.83, p=0.002; Figure 4.4A). On 

multivariate analysis for OS, GMS was not independent of age (p<0.002), T-stage 

(p<0.001) or N-stage (p=0.002), Table 4.10. Subgroup analysis was performed according 

to mode of presentation, node-negative/-positive disease, and venous invasion (Table 4.9). 

GMS stratified OS for elective presentation (GMS 0 vs GMS 2; HR 1.89 95% CI 1.25-

2.85, p=0.009), but was unable to stratify OS in emergency presentation, likely due to 

small sample size. GMS did not stratify OS for node-negative disease (p=0.20; Figure 

4.4B) but did stratify OS in node-positive disease (GMS 0 vs GMS 2; HR 2.18 95% CI 

1.09-4.36, p=0.027), (Figure 4.4C). GMS was unable to stratify OS in the absence of 

venous invasion (p=0.24) but did stratify OS when venous invasion was present (GMS 0 vs 

GMS 2; HR 2.43 95% CI 1.35-4.38, p=0.012).  
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Table 4.9. Overall survival for GMS according to mode of presentation, TNM stage and 

venous invasion in patients undergoing curative resection for stage I-III colon cancer (GRI-

CRC-TMA). 

Group 
 

GMS category 
Survival 

 N 5-year OS 
(%; SE) 

Events 
(N=340) 

 HR (95% CI)  P 

Whole cohort     Trend  0.002 
0 93 84 (4) 47  1.0 (reference)   
1 359 67 (2) 225  1.40 (1.03-1.92)  0.035 
2 102 53 (5) 68  1.95 (1.34-2.83)  <0.001 
        

Elective presentation     Trend  0.009 
0 86 84 (4) 40  1.0 (reference)   
1 324 68 (3) 202  1.55 (1.10-2.17)  0.012 
2 84 58 (5) 53  1.89 (1.25-2.85)  0.003 

Emergency presentation     Trend  0.028 
0 7 86 (13) 7  1.0 (reference)   
1 35 63  (8) 23  0.61 (0.26-1.44)  0.26 
2 18 28 (11) 15  1.56 (0.63-3.89)  0.63 

        
Stage I-II (N 0)      Trend  0.20 

0 75 84 (4) 37  1.0 (reference)   
1 232 73 (3) 138  1.28 (0.89-1.84)  0.19 
2 42 64 (7) 25  1.58 (0.95-2.62)  0.08 

Stage III (N 1-2)     Trend  0.06 
0 18 83 (9) 10  1.0 (reference)   
1 127 57 (4) 87  1.61 (0.84-3.12)  0.15 
2 60 45 (6) 43  2.18 (1.09-4.36)  0.027 

        
Venous invasion absent     Trend  0.24 

0 58 84 (5) 32  1.0 (reference)   
1 175 72 (3) 112  1.17 (0.81-1.78)  0.38 
2 36 53 (8) 25  2.80 (0.93-2.65)  0.09 

Venous invasion present     Trend  0.012 
0 35 83 (6) 15  1.0 (reference)   
1 184 63 (4) 113  1.77 (1.03-3.04)  0.038 
2 66 53 (6) 43  2.43 (1.35-4.38)  0.003 
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Figure 4.4. GMS stratification of OS according to nodal status in stage I-III colon cancer (GRI-CRC-TMA). (A) Full cohort (n=554), (B) Node-negative 

(n=349), (C) Node-positive (n=205)
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Table 4.10. Overall survival analysis for clinicopathological characteristics in patients 

undergoing curative resection for stage I-III colon cancer (GRI-CRC-TMA). 

Clinicopathological characteristics Overall survival 
 N (%)a Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P 

Age       
<65 166 (30)     
65-74 181 (33)     
>74 207 (37) 1.78 (1.62-2.15) <0.001 1.92 (1.66-2.21) <0.001 

Gender       
Female 262 (47)     
Male 292 (53) 1.04 (0.84-1.28) 0.75   

Presentation       
Elective 494 (89)     
Emergency 60 (11) 1.45 (1.06-1.99) 0.02 – 0.35 

TNM       
I-II 349 (63)     
III 205 (27) 1.38 (1.17-1.63) <0.001b   

T-stage       
1 23 (4)     
2 56 (10)     
3 305 (55)     
4 170 (31) 1.35 (1.16-1.58) <0.001 1.34 (1.14-1.57) <0.001 

N-stage       
0 349 (63)     
1 151 (27)     
2 54 (10) 1.32 (1.13-1.53) <0.001 1.29 (1.10-1.51) 0.002 

Differentiation       
Well/mod 491 (89)     
Poor 60 (9) 1.29 (0.92-1.80) 0.14   

Venous invasion       
Absent 269 (49)     
Present 285 (51) 1.19 (0.96-1.47) 0.12   

Tumour perforation       
No 539 (97)     
Yes 15 (3) 1.72 (0.97-3.07) 0.06   

Lymph node yield       
≥12 412 (74)     
<12 142 (36) 1.13 (0.89-1.44) 0.31   

Peritoneal involvement       
No 400 (72)     
Yes 154 (28) 1.40 (1.12-1.76) 0.004 – 0.88 

GMS       
0 93 (17)     
1 359 (65)     
2 102 (18) 1.39 (1.16-1.68) <0.001 – 0.10 

apercentages rounded to nearest whole number and may not total 100% 
bnot included in multivariate model as T-stage and N-stage included separately 
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4.3.2 Implications of Results in the GRI-CRC-TMA cohort 

This further independent cohort assessed colon cancers and survival functions with regard 

to GMS and the relationship between GMS and other clinicopathological characteristics. 

Colon cancers alone were assessed in this cohort as explained above with regard to 

anecdotal problems encountered in assessing TSP in rectal cancers following radiotherapy 

as this produced a fibrotic response(Hav et al., 2015). Therefore, in excluding the rectal 

cancers, the hope was that we would have a purer cohort to assess the effects of GMS. In 

addition, given the unexplained reversal of the GMS 1 and 2 curves on the Kaplan Meier 

charts for GMS in the AP TMA cohort, it was unclear whether the curated nature of the AP 

TMA may have a played a role in the results of section 4.2.1. Therefore, the GMS was 

assessed in a prospectively collected cohort of colon cancers: the GRI-CRC-TMA cohort. 

GMS stratified cancer-specific survival as expected from the original study findings(Park 

et al., 2015), with a good prognosis indicated by GMS 0 and a poor prognosis indicated by 

GMS 2, with GMS 1 having an intermediate outcome. The three survival bands stratified 

CSS and OS as in the original study with no reversal of GMS 1 and 2 evident in this 

cohort. 

4.3.3 Implications of Results from both the AP TMA and GRI-CRC-TMA 

cohorts 

When the results for the two cohorts are analysed together, the first difference to note is 

that the AP TMA cohort is slightly older, with 43% of patients aged 75 or older vs 37% in 

this category for the GRI-CRC-TMA. Furthermore, there were significantly more 

emergency presentations in the AP TMA cohort with 31% presenting as an emergency vs 

11% in the GRI-CRC-TMA. The increase in emergency presentations was not limited to 

one GMS category. In terms of GMS category, in the AP TMA the rates of emergency 

presentation were 20%, 35% and 37% vs 8%, 10% and 18% in the GRI-CRC-TMA for 

GMS 0, 1 and 2, respectively. Therefore, the rise in emergency presentations was 
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disproportionately higher in GMS 1 in the AP TMA. There were also much higher levels 

of venous invasion in the GRI-CRC-TMA cohort with 51% vs 31% in the AP TMA. 

However, this latter difference may be due to the greater historical use of elastin in the 

assessment of venous invasion in the Glasgow Royal Infirmary laboratories. Having noted 

these differences, there were similar proportions of males to females, TNM stage, T-stage, 

N-stage and tumour differentiation between the two cohorts.  

In terms of GMS assessment, there was similar stratification of both cohorts into three 

survival bands for both cohorts, except with regard to the unexpected reversal of GMS 1 

and GMS 2 in the AP TMA. When this is viewed in retrospect, the elevated rate of 

emergency presentations in the AP TMA, which was noted to be significant for both CSS 

and OS in both cohorts may explain the difference in the behaviour of the GMS 1 curve in 

the AP TMA cohort. 

4.4 VALIDATING THE GMS IN THE COMBINED JP-AP TMA COHORT 

The data for the following cohort were published in the British Journal of 

Cancer(Alexander et al., 2020c). In order to expand the numbers available for analysis, the 

colorectal cancers from the combined JP-AP TMA cohort were assessed. These included, 

therefore, some of the patients from the original study. However, since a further 

independent cohort was to be used in the GMS validation (the TransScot cohort), the use of 

the expanded cohort was deemed acceptable since it allowed observations to be made 

comparing not only survival data, but also a limited analysis of genetic data and 

immunohistochemical data for T-cell subsets. 

4.4.1 Results of survival analysis in the combined JP-AP TMA cohort 

In the combined JP-AP TMA cohort, there were 862 patients with TNM I-III CRC. 

Clinicopathological characteristics are presented in Table 4.11. Sixty percent of patients 

were younger than 75 years at time of surgery, and 35% were node-positive. Fifty-eight 
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percent had low-risk disease (according to the Petersen Index; low-risk: TNM I-II and 

Petersen Index <2; high-risk: TNM II and Petersen index ≥2 or TNM III), while 42% had 

high-risk disease. Of the high-risk group, 61 were high-risk TNM II, whereas 302 were TNM 

III. Three hundred (35%) patients were GMS 0, 424 (49%) patients GMS 1 and 138 (16%) 

patients GMS 2. Median follow-up for all patients was 7.96 years (range: 2.3-11.1). There 

were 554 deaths and 271 patients developed recurrence.  

Associations between GMS and DFS were assessed (Table 4.11). GMS stratified survival in 

the whole cohort for DFS with 5-year DFS for GMS 0, 1 and 2 of 71%, 58% and 46%, 

respectively (GMS 0 vs GMS 2: HR 1.50 95% CI 1.16-1.93, p=0.002; Figure 4.5A).  On 

multivariate analysis for DFS, GMS remained independent (p=0.004) of age (p<0.001), T-

stage (p=0.003), N-stage (p<0.001) and mGPS (p<0.001). Subgroup analysis was performed 

according to clinical risk (according to the Petersen index) and primary tumour site (Table 

4.12). While GMS did not stratify survival in low-risk disease (Figure 4.5B), high-risk 

disease was stratified with 5-year DFS for GMS 0, 1 and 2 of 66%, 43% and 38%, 

respectively (GMS 0 vs GMS 2: HR 1.72 95% CI 1.19-2.47, p=0.003; Figure 4.5C). In 

addition, GMS was able to stratify 5-year DFS for colon cancer with GMS 0, 1 and 2 of 72%, 

58% and 45%, respectively (GMS 0 vs GMS 2: HR 1.57 95% CI 1.16-2.12, p=0.004; Figure 

4.6A), but not rectal cancer (Figure 4.6B). 
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Table 4.11. Disease-free and relapse-free survival in stage I-III colorectal cancer and associations of clinicopathological features with GMS in patients 

in the JP-AP TMA (N=862). 

Clinicopathological 
characteristics 

Disease-free survival Relapse-free survival GMS category 

 N (%)a Univariate 
HR (95% 
CI) 

P Multivariat
e HR (95% 
CI) 

P Univariate 
HR (95% 
CI) 

P Multivariat
e HR (95% 
CI) 

P 0 (n=300) 
N (%)a 

1 (n=424) 
N (%) 

2 (n=138) 
N (%) 

Pears
on X2 

Age                 
≤64 245 (28)         80 (27) 111  (26) 54    (39) 0.04 
65-74 276 (32)         98    (33) 138  (33) 40    (29)  
≥75 341 (40) 1.66 (1.48-

1.86) <0.001 1.71 (1.51-
1.95) <0.001 1.10 (0.95-

1.28) 0.20 – – 122  (41) 175  (41) 44    (32)  

Gender                 
Female 419 (49)         151  (50) 207  (49) 61    (44) 0.27 
Male 443 (51) 1.12 (0.95-

1.33) 0.18 – – 1.15 (0.91-
1.47) 0.24 – – 149  (50) 217  (51) 77    (56)  

Presentation                 
Elective 686 (80)         260  (87) 319  (75) 107  (78) 0.002 
Emergency 175 (20) 1.55 (1.27-

1.89) <0.001 – 0.17 1.94 (1.49-
2.53) <0.001 – 0.10 39    (13) 105  (25) 31    (22)  

TNM                 
I-II (low-
risk) 499 (58)         201  (67) 244  (58) 54    (39) <0.001 

II-III (high-
risk) 363 (42) 1.58 (1.33-

1.87) <0.001b – – 3.02 (2.36-
3.87) <0.001b – – 99    (33) 180  (42) 84    (61)  

T-stage                 
T1 42    (5)         28     (9) 13     (3) 1       (1) <0.001 
T2 113 (13)         65    (22) 39     (9) 9       (7)  
T3 488 (57)         150  (50) 260  (61) 78    (56)  
T4a 179 (20)         43   (14) 93  (22) 43    (31)  
T4b 40    (5) 1.30 (1.15-

1.46) <0.001 1.25 (1.08-
1.44) 0.003 1.81 (1.51-

2.16) <0.001 1.46 (1.17-
1.82) 0.001 14 (5) 19 (5) 7 (6)  
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N-stage 
N0 556 (65)         217  (73) 272  (64) 67    (49) <0.001 
N1 218 (25)         66    (22) 105  (25) 47    (34)  
N2 84   (10) 1.38 (1.22-

1.55) <0.001 1.31 (1.14-
1.51) <0.001 1.96 (1.68-

2.30) <0.001 1.58 (1.32-
1.90) <0.001 16     (5) 45    (11) 23    (17)  

Site                 
Colon 650 (75)         206  (69) 345  (81) 99    (72) 0.08 
Rectum 212 (25) 0.93 (0.76-

1.13) 0.44 – – 0.96 (0.73-
1.27) 0.78   94    (31) 79    (19) 39    (28)  

Differentiation                 
Well/mod 775 (90)         271  (90) 379  (89) 125  (91) 0.95 
Poor 87   (10) 1.36 (1.04-

1.79) 0.03 – 0.46 1.61 (1.13-
2.30) 0.01 – 0.87 29    (10) 45    (11) 13     (9)  

Venous 
invasion                 

Absent 589 (68)         226  (75) 290  (69) 73    (53) <0.001 
Present 273 (32) 1.38 (1.15-

1.65) <0.001 – 0.18 1.86 (1.46-
2.37) <0.001 1.34 (1.01-

1.76) 0.04 74    (25) 134  (31) 65    (47)  

Tumour 
budding                 

Absent 618 (72)         219  (73) 304  (72) 95    (69) 0.39 
Present 244 (28) 1.04 (0.86-

1.25) 0.70 – – 1.33 (1.03-
1.71) 0.03 – 0.15 81    (27) 120  (28) 43    (31)  

KRAS status 
(n=212)                 

Wild-type 111 (52)         36  (55) 53  (50) 22    (55) 0.86 
Mutant 101 (48) 1.16 (0.84-

1.59) 0.37 – – 1.08 (0.72-
1.61) 0.71 – – 29    (45) 54  (50) 18    (45)  

BRAF status 
( n=212)                 

Wild-type 182 (86)         54  (83) 91  (85) 37    (93) 0.21 
Mutant 30   (14) 1.03 (0.66-

1.59) 0.90 – – 0.91 (0.51-
1.64) 0.76 – – 11    (17) 16  (15) 3     (7)  
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MMR 
Proficient 686 (82)         230  (78) 342  (83) 114  (84) 0.10 
Deficient 155 (18) 0.99 (0.80-

1.23) 0.94 – – 0.80 (0.57-
1.11) 0.18 – – 64    (22) 69    (17) 22    (16)  

mGPS                 
0 386 (55)         152 (59) 175  (52) 59    (54) 0.19 
1 201 (29)         68  (27) 102  (30) 31    (28)  
2 115 (16) 1.59 (1.40-

1.79) <0.001 1.52 (1.34-
1.73) <0.001 1.69 (1.43-

1.99) <0.001 1.59 (1.34-
1.90) <0.001 37  (14) 59  (18) 19    (17)  

              
GMS                 

0 300 (35)         –  –  –  – 
1 424 (49)         –  –  –   
2 138 (16) 1.24 (1.09-

1.40) 0.001 1.24 (1.07-
1.43) 0.004 1.76 (1.48-

2.08) <0.001 1.53 (1.26-
1.86) <0.001 –  –  –   

      apercentages rounded to nearest whole number and may not total 100%  bnot included in multivariate model as T-stage and N-stage included separately 
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Figure 4.5. GMS and survival according to disease risk in JP-AP TMA cohort. (A-C) GMS and DFS in (A) full cohort (n=862), (B) “low-risk” CRC (n=499) 

and (C) “high-risk” CRC (n=363). (D-F) GMS and RFS in (D) full cohort (n=862), (E) “low-risk” CRC (n=499) and (F) “high-risk” CRC (n=363).  
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Table 4.12. Survival for GMS according to low- and high- risk disease and location of primary tumour in the JP-AP TMA (N=862). 

Group 
GMS category  

 Disease-free Survival Relapse-free Survival 

 N 5-year DFS 
(%; SE) 

Events 
(N=541) 

HR (95% CI) P 5-year RFS 
(%; SE) 

Events 
(N=271) 

HR (95% CI) P 

Full cohort    Trend 0.003   Trend <0.001 
0 300 71 (3) 168 1.0 (reference)  83 (2) 61 1.0 (reference)  
1 424 58 (2) 281 1.30 (1.08-1.58) 0.007 70 (2) 141 1.82 (1.35-2.46) <0.001 
2 138 46 (4) 92 1.50 (1.16-1.93) 0.002 51 (4) 69 3.09 (2.19-4.36) <0.001 

TNM I-II (low-risk)    Trend 0.89   Trend <0.001 
0 201 73 (3) 113 1.0 (reference)  88 (2) 29 1.0 (reference)  
1 244 70 (3) 148 1.06 (0.83-1.35) 0.65 84 (2) 49 1.42 (0.90-2.25) 0.13 
2 54 57 (7) 29 1.06 (0.70-1.59) 0.79 63 (7) 21 3.24 (1.85-5.68) <0.001 

TNM II-III (high-risk)    Trend 0.003   Trend 0.001 
0 99 66 (5) 55 1.0 (reference)  72 (5) 32 1.0 (reference)  
1 180 43 (4) 133 1.67 (1.22-2.29) 0.001 51 (4) 92 1.95 (1.30-2.92) 0.001 
2 84 38 (5) 63 1.72 (1.19-2.47) 0.003 43 (6) 48 2.18 (1.39-3.41) 0.001 

Colon cancer    Trend 0.004   Trend <0.001 
0 206 72 (3) 113 1.0 (reference)  84 (3) 41 1.0 (reference)  
1 345 58 (3) 233 1.38 (1.10-1.73) 0.005 69 (3) 115 1.88 (1.32-2.68) 0.001 
2 99 45 (5) 67 1.57 (1.16-2.12) 0.004 51 (5) 49 3.15 (2.08-4.77) <0.001 

Rectal Cancer    Trend 0.46   Trend 0.003 
0 94 68 (5) 55 1.0 (reference)  80 (4) 20 1.0 (reference)  
1 79 62 (5) 48 1.07 (0.73-1.58) 0.72 72 (5) 26 1.66 (0.92-2.97) 0.09 
2 39 46 (8) 25 1.35 (0.84-2.17) 0.21 51 (8) 20 2.95 (1.58-5.48) 0.001 

Abbreviation: DFS, Disease-free survival; RFS, Relapse-free survival  
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Figure 4.6. GMS and survival in colon and rectal cancer in JP-AP TMA cohort. (A, B) GMS and DFS in (A) colon (n=650) or (B) rectal cancer (n=212). 

(C, D) GMS and RFS in (C) colon (n=650) or (D) rectal cancer (n=212).  
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Next, associations between GMS and RFS were assessed (Table 4.11). GMS significantly 

stratified RFS for the whole cohort with 5-year RFS of 83%, 70% and 51% for GMS 0, 1 

and 2, respectively (GMS 0 vs GMS 2: HR 3.09 95% CI 2.19-4.36, p<0.001, Figure 4.5D). 

On multivariate analysis for RFS, GMS remained associated with survival (p<0.001) 

independent of T-stage (p=0.001), N-stage (p<0.001), venous invasion (p=0.04) and mGPS 

(p<0.001). In low-risk disease (Table 4.12), 5-year RFS was 88%, 84% and 63% for GMS 

0, 1 and 2, respectively, with GMS 2 associated with significantly worse RFS (GMS 0 vs 

GMS 2: HR 3.24 95% CI 1.85-5.68, p<0.001, Figure 4.5E). In high-risk disease (Table 4.12), 

5-year RFS was 72%, 51% and 43% for GMS 0, 1 and 2, respectively, and GMS 0 had 

significantly better RFS (GMS 0 vs GMS 2: HR 2.18 95% CI 1.39-3.41, p=0.001, Figure 

4.5F). On subgroup analysis by disease site (Table 4.12), GMS stratified RFS in patients 

with colon cancer (n=650), with 5-year RFS for GMS 0, 1 and 2 of 84%, 69% and 51%, 

respectively (GMS 0 vs GMS 2: HR 3.15 95% CI 2.08-4.77, p<0.001, Figure 4.6C), and 

rectal cancer (n=212), with 5-year RFS for GMS 0, 1 and 2 of 80%, 72% and 51%, 

respectively (GMS 0 vs GMS 2: HR 2.95 95% CI 1.58-5.48, p=0.001 Figure 4.6D).
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Table 4.13. Overall and cancer-specific survival in stage I-III colorectal cancer in patients in the JP-AP TMA (N=862). 

Clinicopathological characteristics Overall survival Cancer-specific survival 
 N (%)a Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P 

Age          
≤64 245 (28)         
65-74 276 (32)         
≥75 341 (40) 1.78 (1.59-2.00) <0.001 1.88 (1.65-2.13) <0.001 1.11 (0.95-1.30) 0.20 – – 

Gender          
Female 419 (49)         
Male 443 (51) 1.18 (0.99-1.39) 0.06 1.30 (1.07-1.58) 0.007 1.23 (0.95-1.60) 0.11 – – 

Presentation          
Elective 686 (80)         
Emergency 175 (20) 1.48 (1.21-1.82) <0.001 – 0.23 1.87 (1.40-2.49) <0.001 – 0.28 

TNM          
I-II (low-risk) 499 (58)         
II-III (high-risk) 363 (42) 1.49 (1.26-1.76) <0.001b – – 3.22 (2.46-4.22) <0.001b – – 

T-stage          
T1 42    (5)         
T2 113 (13)         
T3 488 (57)         
T4a 179 (20)         
T4b 40    (5) 1.23 (1.10-1.38) <0.001 1.19 (1.03-1.36) 0.02 1.85 (1.52-2.25) <0.001 1.43 (1.13-1.81) 0.002 

N-stage          
N0 556 (65)         
N1 218 (25)         
N2 84   (10) 1.31 (1.17-1.48) <0.001 1.29 (1.12-1.48) <0.001 1.99 (1.69-2.34) <0.001 1.55 (1.29-1.87) <0.001 

Site          
Colon 650 (75)         
Rectum 212 (25) 0.91 (0.75-1.11) 0.35 – – 1.04 (0.78-1.39) 0.80   
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Differentiation          
Well/mod 775 (90)         
Poor 87   (10) 1.32 (1.01-1.73) 0.05 – 0.40 1.69 (1.16-2.47) 0.01 – 0.63 

Venous invasion          
Absent 589 (68)         
Present 273 (32) 1.38 (1.16-1.65) <0.001 – 0.18 2.06 (1.60-2.67) <0.001 1.48 (1.11-1.97) 0.008 

Tumour budding          
Absent 618 (72)         
Present 244 (28) 1.04 (0.87-1.25) 0.67 – – 1.33 (1.01-1.74) 0.04 – 0.16 

KRAS status (n=212)          
Wild-type 111 (52)         
Mutant 101 (48) 1.21 (0.87-1.67) 0.26 – – 1.11 (0.73-1.71) 0.62 – – 

BRAF status ( n=212)          
Wild-type 182 (86)         
Mutant 30   (14) 0.85 (0.53-1.37) 0.51 – – 0.69 (0.35-1.38) 0.30 – – 

MMR          
Proficient 686 (82)         
Deficient 155 (18) 1.03 (0.83-1.28) 0.82 – – 0.88 (0.62-1.25) 0.46 – – 

mGPS          
0 386 (55)         
1 201 (29)         
2 115 (16) 1.58 (1.40-1.78) <0.001 1.51 (1.33-1.71) <0.001 1.75 (1.47-2.08) <0.001 1.61 (1.35-1.93) <0.001 

          
GMS          

0 300 (35)         
1 424 (49)         
2 138 (16) 1.23 (1.09-1.39) 0.001 1.21 (1.05-1.39) 0.009 1.88 (1.56-2.25) <0.001 1.63 (1.32-2.00) <0.001 

apercentages rounded to nearest whole number and may not total 100%  bnot included in multivariate model as T-stage and N-stage included separately 
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Table 4.14. Overall and Cancer-Specific Survival for GMS according to low- and high- risk disease and location of cancer in the JP-AP TMA 

Group 
GMS category  

 Overall Survival Cancer-specific Survival 

 N 5-year OS 
(%; SE) 

Events 
(N=554) 

HR (95% CI) P 5-year CSS 
(%; SE) 

Events 
(N=235) 

HR (95% CI) P 

Full cohort    Trend 0.003   Trend <0.001 
0 300 69 (3) 176 1.0 (reference)  87 (2) 48 1.0 (reference)  
1 424 58 (2) 282 1.27 (1.05-1.53) 0.015 72 (2) 123 2.00 (1.43-2.79) <0.001 
2 138 48 (4) 96 1.50 (1.17-1.93) 0.001 55 (4) 64 3.55 (2.44-5.16) <0.001 

TNM I-II (low-risk)    Trend 0.79   Trend <0.001 
0 201 71 (3) 115 1.0 (reference)  93 (2) 20 1.0 (reference)  
1 244 68 (3) 152 1.08 (0.85-1.38) 0.52 86 (2) 42 1.74 (1.02-2.97) 0.04 
2 54 61 (7) 31 1.09 (0.73-1.63) 0.66 66 (7) 19 3.94 (2.10-7.39) <0.001 

TNM II-III (high-risk)    Trend 0.008   Trend 0.001 
0 99 64 (5) 61 1.0 (reference)  74 (5) 28 1.0 (reference)  
1 180 43 (4) 130 1.50 (1.10-2.03) 0.01 54 (4) 81 1.91 (1.24-2.93) 0.003 
2 84 40 (5) 65 1.67 (1.18-2.38) 0.004 47 (6) 45 2.34 (1.46-3.76) <0.001 

Colon cancer    Trend 0.02   Trend <0.001 
0 206 72 (3) 120 1.0 (reference)  87 (2) 33 1.0 (reference)  
1 345 57 (3) 232 1.29 (1.04-1.61) 0.02 72 (3) 97 1.94 (1.30-2.87) 0.001 
2 99 49 (5) 70 1.49 (1.11-2.00) 0.008 57 (5) 44 3.36 (2.14-5.27) <0.001 

Rectal Cancer    Trend 0.21   Trend <0.001 
0 94 62 (5) 56 1.0 (reference)  86 (4) 15 1.0 (reference)  
1 79 59 (6) 50 1.13 (0.77-1.65) 0.54 71 (5) 26 2.23 (1.18-4.20) 0.014 
2 39 46 (8) 26 1.51 (0.95-2.41) 0.08 50 (8) 20 4.07 (2.08-7.96) 0.001 

Abbreviation: OS, Overall survival; CSS, Cancer-specific survival  
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Figure 4.7. GMS and overall and cancer-specific survival according to disease risk in JP-AP TMA cohort. (A-C) GMS and OS in (A) full cohort (n=862), 

(B) “low-risk” CRC (n=499) and (C) “high-risk” CRC (n=363). (D-F) GMS and CSS in (D) full cohort (n=862), (E) “low-risk” CRC (n=499) and (F) 

“high-risk” CRC (n=363).  
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Overall (OS) and cancer-specific survival (CSS) data were available for the JP-AP TMA 

cohort and these are displayed in Tables 4.13 and 4.14 and Figure 4.7. GMS was 

independently significant on multivariate analysis for OS (p<0.01) and for CSS (p<0.001). 

On subgroup analysis for OS, the results were comparable to DFS, with GMS stratifying OS 

for the full cohort (GMS 0 vs GMS 2: HR 1.50 95% CI 1.17-1.93, p=0.003), high-risk 

disease (GMS 0 vs GMS 2: HR 1.67 95% CI 1.18-2.38, p=0.009), and colon cancer (GMS 

0 vs GMS 2: HR 1.49 95% CI 1.11-2.00, p=0.02), but not low-risk disease or rectal cancer. 

Likewise, the subgroup analysis for CSS was similar to that for RFS, with GMS stratifying 

CSS for the full cohort (GMS 0 vs GMS 2: HR 3.55 95% CI 2.44-5.16, p<0.001), low-risk 

disease (GMS 0 vs GMS 2: HR 3.94 95% CI 2.10-7.39, p<0.001), high-risk disease (GMS 

0 vs GMS 2: HR 2.34 95% CI 1.46-3.76, p=0.001), colon cancer (GMS 0 vs GMS 2: HR 

3.36 95% CI 2.14-5.27, p<0.001) and rectal cancer (GMS 0 vs GMS 2: HR 4.07 95% CI 

2.08-7.96, p<0.001). 

The relationship between GMS and pattern of recurrence was examined (Table 4.15). GMS 

1 and 2 were associated with higher risk of recurrence (GMS 0 - 15%, GMS 1 – 26%, GMS 

2 – 41%, p<0.001.) Although this was predominantly due to an increase in risk of distant 

recurrence, patients with GMS 2 were more likely to develop local recurrence compared to 

GMS 0 or 1.  

Table 4.15. GMS and recurrence location in the JP-AP TMA (n=833). 

Recurrence location  GMS 
 N 0 (n=293) 

N (%)a 
1 (n=424) 

N (%) 
2 (n=138) 

N (%) 
Pearson 

X2 
         

None 630 250  (85) 304  (74) 76    (59) <0.001 
Local 35 8 (3) 10 (2) 17    (13)  
Distant 168 35 (12) 97  (24) 36    (28)  
         

atotal percentage may not equal 100 as rounded to nearest whole number 
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Furthermore, associations between GMS and CD3, CD8 and composite CD3/CD8 score 

were assessed (Table 4.16, n=208). GMS was associated with individual T-cell densities in 

all locations and composite score, with highest density observed in GMS 0 and lowest 

density generally observed in GMS 2. Univariate survival analysis found comparable hazard 

ratios and confidence intervals for all immune cell markers. These were not combined in 

multivariate analysis as all included analysis of an inflammatory variable and would 

therefore be mutually exclusive (see findings for inflammatory assessment meta-analysis in 

chapter 1). 
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Table 4.16. Univariate RFS for immune cell densities per tumour location and associations between GMS and CD3, CD8 and composite CD3/CD8 score 

in the JP TMA (N=208). 

Group 
GMS category  

 Relapse-free Survival GMS 

 N 5-year RFS 
(%; SE) 

Events 
(N=67) 

HR (95% CI) P 0 (n=74) 
N (%)a 

1 (n=96) 
N (%) 

2 (n=38) 
N (%) 

Pearson 
X2 

GMS    Trend <0.001        
0 74 81 (5) 16 0.38 (0.33-0.67) 0.001 – – – – – –  
1 96 72 (5) 29 0.27 (0.14-0.51) <0.001 – – – – – –  
2 38 42 (8) 22 1.0 (reference)  – – – – – –  

             
CD3 Invasive margin    Trend <0.001        

Low 117 59 (5) 49 1.0 (reference)  17  (23) 75  (78) 25    (66) <0.001 
High 91 84 (4) 18 0.38 (0.22-0.65) <0.001 57  (77) 21  (22) 13    (34)  
             

CD3 Stroma    Trend <0.001        
Low 106 57 (5) 48 1.0 (reference)  25 (34) 57  (59) 24    (63) <0.001 
High 102 83 (4) 19 0.33 (0.19-0.56) <0.001 49    (66) 39  (41) 14    (37)  
             

CD3 Cancer nests    Trend <0.001        
Low 139 60 (4) 60 1.0 (reference)  33 (45) 71  (74) 35    (92) <0.001 
High 69 90 (4) 7 0.18 (0.08-0.39) <0.001 41    (55) 25  (26) 3    (8)  
             

CD8 Invasive margin    Trend 0.001        
Low 122 62 (5) 49 1.0 (reference)  28   (38) 69  (72) 25    (66) <0.001 
High 86 82 (4) 18 0.43 (0.25-0.74) 0.002 46  (62) 27  (28) 13    (34)  
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CD8 Stroma    Trend 0.001        

Low 157 64 (4) 60 1.0 (reference)  45    (61) 82  (85) 30    (79) 0.006 
High 51 88 (5) 7 0.30 (0.14-0.66) 0.003 29  (39) 14  (15) 8    (21)  
             

CD8 Cancer nests    Trend <0.001        
Low 149 61 (4) 61 1.0 (reference)  42  (57) 72  (75) 35  (92) <0.001 
High 59 93 (4) 6 0.19 (0.08-0.45) <0.001 32    (43) 24    (25) 3     (8)  
             

Composite CD3/CD8 
score 

   Trend <0.001        

0 72 55 (6) 33 1.0 (reference)  10    (14) 48  (50) 14    (37) <0.001 
1 36 55 (9) 16 0.96 (0.53-1.74) 0.88 6    (8) 20    (21) 10    (26)  
2 34 82 (7) 8 0.43 (0.20-0.93) 0.03 17 (23) 11  (12) 6    (16)  
3 38 79 (7) 10 0.43 (0.21-0.88) 0.02 23  (31) 9  (9) 6    (16)  
4 28 NA 0 NA NA 18  (24) 8  (8) 2    (5)  
             

Abbreviation: RFS, Relapse-free survival; HR, hazard ratio; CI, confidence interval;  

NA, not applicable (incalculable as no terminal events in this category) 
atotal percentage may not equal 100 as rounded to nearest whole number 

Bold indicates p<0.05
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The relationship between GMS and clinicopathological characteristics was examined (Table 

4.11). Increasing GMS was significantly associated with younger age (p=0.04), emergency 

presentation (p=0.002), high-risk TNM (p<0.001), higher T- and N-stage (both p<0.001), 

peritoneal involvement (p<0.001) and venous invasion (p<0.001). There were no significant 

associations between GMS and KRAS or BRAF mutations. Neither were these mutations 

significant for survival in the JP-AP TMA for those with results available for analysis. 

4.4.2 Implications of Results in the JP-AP TMA cohort 

Since patients from the original GMS paper(Park et al., 2015) were included in this analysis 

this does not represent a true validation group, but an expanded analysis was able to be 

performed with a nearly 3-fold increase in the number of cancers. This cohort also included 

both colon and rectal cancers as in the original study. This expanded analysis confirmed the 

findings of the original study with 3 distinct bands of survival being demonstrated by GMS 

0, 1 and 2 repeatedly in all forms of survival analysis.  

However, the greater value of this expanded cohort was in its ability to allow subgroup 

analysis for greater numbers. GMS was shown to stratify DFS, RFS, OS and CSS for High-

risk disease and colon cancers, and was also able to stratify RFS and CSS for low-risk disease 

and rectal cancers. 

Furthermore, for the limited numbers where there were data available regarding K-ras and 

BRAF mutations, there was no evidence of any interaction with GMS. 

Finally, this cohort was able to demonstrate significant trends between GMS and 

immunohistochemical analysis for T-cell subsets (CD3 and CD8) as well as a composite 

CD3/CD8 score, further emphasising the validity of KM assessment as a measurement of 

the immune phenotype, in agreement with the findings from the meta-analysis of immune 

cells in colorectal cancer (Chapter 1). 
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4.5 VALIDATING THE GMS IN THE TRANSSCOT COHORT 

The data for the following cohort were published in the British Journal of 

Cancer(Alexander et al., 2020c). In order to validate the GMS in a large and independent 

cohort with low levels of bias given that clinicopathological data was obtained as part of a 

clinical trial, GMS and survival was assessed in the TransScot cohort. As has already been 

described in sections 2.2 and 4.1, these patients were a subgroup of those in the SCOT arm 

of the IDEA trial for whom pathological samples were available for analysis. 

4.5.1 Results of survival analysis in the TransScot cohort 

In the TransSCOT cohort, there were 2912 TNM II-III patients, all of whom received 

FOLFOX (n=846) or CAPOX (n=2066) adjuvant chemotherapy for at least 3 months. 383 

(13%) patients were GMS 0, 1866 (64%) patients GMS 1, and 663 (23%) patients GMS 2. 

Median follow up was 3.0 years (range: 0.0-7.0) with 755 DFS events. Cohort characteristics 

shown in Table 4.17 were similar to those in the full SCOT trial and therefore representative 

of this population(Iveson et al., 2018). 

In the full cohort, GMS significantly stratified survival with a 5-year DFS for GMS 0, 1 and 

2 of 69%, 63% and 53%, respectively (GMS 0 vs GMS 2: HR 1.68 95% CI 1.28-2.20, 

p<0.001, Figure 4.8A). Patients were then assessed according to disease site. In patients with 

colon cancer (n=2402), GMS stratified survival, with 5-year DFS for GMS 0, 1 and 2 of 

76%, 66% and 56%, respectively (GMS 0 vs GMS 2: HR 2.20 95% CI 1.64-2.94, p<0.001, 

Figure 4.8B). For patients with rectal cancer (n=510), GMS did not associate with DFS 

(GMS 0 vs GMS 2: HR 1.74 95% CI 0.85-3.57, p=0.130, Figure 4.8C). On multivariate 

analysis (Table 4.17), T-stage (p<0.001), N-stage (p<0.001) and GMS (p<0.001) 

independently associated with DFS. Furthermore, GMS associated with higher T-stage 

(p<0.001), higher N-stage (p=0.002), colonic site (p=0.021) and higher-risk TNM III disease 

(p<0.001).
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Table 4.17. Disease-free survival in the TransSCOT cohort and associations of clinicopathological features with GMS (N=2912). 

Clinicopathological characteristics 
 

Disease-free survival GMS category 

 N (%)a Univariate HR 
(95% CI) 

P Multivariate HR 
(95% CI) 

P 0 (n=383) 
N (%)a 

1 (n=1866) 
N (%) 

2 (n=663) 
N (%) 

Pearson 
X2 

Gender             
Female 1135 (39)     156  (41) 716    (38) 263   (40) 0.63 
Male 1777 (61) 0.96 (0.83-1.11) 0.60 - - 227  (59) 1150  (62) 400   (60)  

T-stage             
T1 78      (3)     19     (5) 55       (3) 4        (1) <0.001 
T2 250    (9)     59    (15) 160     (9) 31      (5)  
T3 1695 (58)     227  (60) 1130  (61) 338   (51)  
T4 889   (30) 1.70 (1.51-1.91) <0.001 1.74 (1.53-1.98) <0.001 78    (20) 521    (28) 290   (43)  

N-stage             
N0 556   (19)     79    (21) 362    (19) 115   (17) 0.002 
N1 1663 (57)     224  (58) 1086  (58) 353   (53)  
N2 693   (24) 1.75 (1.57-1.96) <0.001 1.73 (1.48-2.03) <0.001 80    (21) 418    (22) 195   (29)  

Site             
Colon 2402 (82)     310  (81) 1522  (81) 570   (86) 0.021 
Rectum 510   (18) 0.69 (0.56-0.85) <0.001 - 0.12 73    (19) 344    (19) 93     (14)  

Risk Group             
T1-3/N1 (lower-risk) 1284 (55)     202  (66) 861    (57) 221   (40) <0.001 
T4 and/or N2 (higher-risk) 1072 (45) 2.45 (2.08-2.88) <0.001 – 0.13 102  (34) 643    (43) 327   (60)  

Adjuvant therapy             
FOLFOX 846   (29)     120  (31) 526    (28) 200   (30) 0.36 
CAPOX 2066 (71) 1.08 (0.92-1.27) 0.32 - - 263  (69) 1340  (72) 463   (70)  
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Treatment time             
3 months 1468 (50)     194  (51) 955    (51) 319   (48) 0.39 
6 months 1444 (50) 1.01 (0.88-1.16) 0.85 - - 180  (49) 911    (49) 344   (52)  

GMS             
0 383   (13)     -  -  -  - 
1 1866 (64)     -  -  -   
2 663   (23) 1.48 (1.32-1.68) <0.001 1.28 (1.12-1.47) <0.001 -  -  -   

apercentages rounded to nearest whole number and may not total 100% 

Bold indicates p<0.05 
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Figure 4.8. GMS and disease-free survival according to location of cancer in the TransSCOT cohort. (A) GMS and DFS in the full cohort (n=2912); (B) 

GMS in colon cancer (n=2402); (C) GMS in rectal cancer (n=510). 
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The utility of GMS was next assessed in lower- and higher-risk TNM III disease, as defined 

by the SCOT trial, TNM III patients were stratified into lower-risk (T1-3/N1) and higher-

risk (T4 or N2) groups. GMS was not able to stratify DFS in the lower-risk patients as a 

whole, but there was still a significant survival difference between GMS 0 and 2 (GMS 0 vs 

GMS 2: HR 1.61 95% CI 1.01-2.57, p=0.13, Figure 4.9A). GMS was, however, able to 

stratify higher-risk patients (GMS 0 vs GMS 2: HR 1.86 95% CI 1.26-2.76, p=0.002, Figure 

4.9B). 
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Figure 4.9. GMS and DFS in lower- and higher-risk stage III patients from the TransSCOT cohort (n=2356). (A) lower-risk stage III (n=1284); (B) 

higher-risk stage III (n=1072). 
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4.5.2 Implications of Results in the TransScot cohort 

Since this data comes from a truly independent cohort from the context of a clinical trial, 

much of the bias that is inherent outside of a clinical trial setting is eliminated, giving an 

excellent opportunity to validate the GMS. In this cohort, only Disease-free Survival was 

available. The DFS curves for GMS in the TransScot cohort were similar to those witnessed 

in the combined JP-AP cohort. GMS was independently significant on multivariate analysis 

of the whole cohort. The significance of GMS was maintained in colon cancer, but GMS 

was unable to stratify DFS for rectal cancer in the TransScot cohort. The same findings were 

seen for DFS in the combined JP-AP cohort for rectal cancer. This cohort, made up entirely 

of stage III patients, was separated into a lower and higher risk group with lower-risk defined 

as T1-3 and N1 vs T4 or N2 disease for higher-risk. For both analyses, GMS 2 disease had 

a significantly worse prognosis compared with GMS 0, although the survival bands were not 

a clearly defined as in the full cohort analysis. When similar analysis was performed for 

Overall Survival in the combined JP-AP cohort, there was no significant difference in 

survival in the low-risk group (defined there as TNM I-II and Petersen index <2), whereas 

in the high-risk group (defined as TNM III or TNM II with Petersen index ≥2) GMS 0 

defined a group with significantly better prognosis than GMS 1 or 2. 

The validation of GMS once again highlights the significantly worse outcomes for patients 

with GMS 2 and emphasises the importance of following these patients up more intensively 

than other GMS categories, especially low-risk GMS 0. 
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4.6 DISCUSSION 

The cohorts displayed in this chapter represent an internal validation of the results from the 

original study by Park et al(Park et al., 2015). GMS consistently stratified colon and 

colorectal cancer survival independent of other clinicopathological features. Typically, 

survival was separated into three distinct bands with GMS 0 having the best prognosis, GMS 

2 having the worst prognosis and GMS 1 having an intermediate prognosis, depending on 

the cohort, survival type and clinicopathological subgroup being assessed. 

The validation of the GMS in the AP-TMA cohort exposed some potential confounding 

factors arising from the retrospectively curated nature of this cohort’s construction. In 

particular, the greatly increased numbers of emergency colorectal cancers identified among 

the colon cancer subgroup. It is likely that this feature of the dataset manifested the 

unexpected decline in the OS and node-positive survival curves of the GMS 1 subgroup. An 

alternative hypothesis was that the removal of the rectal cancers may have led to the 

difference in results and this was explored in the study that followed. Nevertheless, GMS 

was independently significance in this subgroup and GMS was stratified into three distinct 

survival bands. 

The GRI-CRC-TMA cohort, being prospectively collated, did not suffer from the same 

confounders as the AP-TMA and the number of emergency presentations for colon cancer 

was at an expected level. The GMS in this purely colonic cohort was able to stratify survival 

in the same manner as the original GMS paper(Park et al., 2015). It was concluded, therefore, 

that the removal of the rectal cancers was not responsible for difference in GMS 1 survival 

in the AP-TMA analysis. The retrospective construction and higher emergency presentations 

was likely to be responsible for these unexpected findings. 

The combined JP-AP TMA cohort did not represent a true validation cohort since it included 

some of the patients from the original study. However, this expanded cohort had greater 
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value in its ability to further examine GMS in different clinicopathological subgroups, 

finding that RFS and CSS were stratified by GMS for all subgroups. DFS and OS were also 

stratified by GMS, but only for colon cancers and high-risk groups. The further benefit of 

this cohort was the data available on immunohistochemistry for immune cell subtypes, which 

were shown to correlate well with GMS subgroups, higher in GMS 0 and lower in GMS 2. 

This finding of strong KM associating with immune cell subtypes was also shown by another 

group(Väyrynen et al., 2013). Furthermore, data was available for K-RAS and BRAF for 

212 patients in this cohort, although these were neither found to be significant for survival, 

nor associated with GMS category. GMS stratified CSS of both low-risk and high-risk 

patients, in terms of stage and Petersen index, with GMS 2 highlighting a group of patients 

in the clinically low-risk category that may benefit from more intensive surveillance and 

possibly from additional adjuvant therapy. GMS 2 might therefore be considered for addition 

to the current list of high-risk pathological features discussed at multidisciplinary team 

meetings to guide ongoing management. GMS 1 in the JP-AP cohort defined a group of 

patients with neither strong immunity, nor high TSP who have an intermediate outcome that 

varies with disease stage, with better survival in low-risk disease, but worse survival in high-

risk disease. Whereas, GMS 0 indicated a group of patients that had a good clinical outcome 

regardless of disease stage, in keeping with previous research in high immune 

tumours(Alexander et al., 2020b). 

Patients with GMS 2 reflect a particularly poor prognostic group, with a clear reduction in 

not only OS, but also DFS, CSS and RFS. Previous work has proposed that such a phenotype, 

characterised by high stromal infiltration and weak immune response, reflects a 

mesenchymal subtype with poor prognosis and increased risk of recurrence(Roseweir et al., 

2020). 

Finally, in an independent cohort of nearly 3000 patients (TransSCOT cohort) from a clinical 

trial context and therefore with minimal bias, the GMS was found to be associated with DFS 
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in the full cohort and colon cancers, as with the combined JP-AP TMA cohort. GMS was 

unable to stratify survival in rectal cancers according to DFS. When TNM III disease was 

split into higher- and lower-risk categories, GMS 2 had significantly worse DFS than GMS 

0 for both subgroups.  

This study represented the largest study to date investigating a combination scoring system 

of peritumoural inflammation and mesenchymal phenotype. Other microenvironment scores 

have been proposed, such as: the Immunoscore(Pagès et al., 2018), which uses 

immunohistochemical staining for CD3 and CD8 and a digital pathology software platform 

to evaluate immune infiltrates (described more fully in section 1.5.4.6); colorectal cancer 

intrinsic subtypes (CRIS), which uses genetic testing of a number of genes implicated in 

colorectal cancer to stratify tumour behaviour/response(Isella et al., 2017); the Phenotypic 

Subtypes, which have already been addressed in this chapter, combining KM, TSP and Ki67 

immunohistochemistry; and the image-based consensus molecular subtype, which uses 

artificial intelligence analysis of digital pathology slides(Sirinukunwattana et al., 2019). 

GMS has advantages over these scores in that it does not require the use of additional 

immunohistochemical staining, genetic testing or digital pathology, as it can be performed 

on the H&E slides that are used in routine clinical practice for TNM staging. Furthermore, 

in the subset of patients with both GMS and IHC available, GMS was strongly associated 

with CD3 and CD8. In addition, there were similar univariate RFS for all scores 

inflammatory scores in Table 4.16. This again supports the GMS as a clinically applicable 

prognostic score in patients with colorectal cancer. 

Finally, GMS was unable to significantly stratify DFS or OS of patients with rectal cancer 

in any cohort. There were smaller numbers in this subgroup and this may be one reason for 

the lack of stratification. In addition, a proportion of patients may have received neoadjuvant 

radiotherapy, which would impact upon post-operative tumour microenvironment 

assessment. However, there were significant differences in survival between GMS 0 vs GMS 
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2 for both RFS and CSS in the JP-AP TMA cohort; this requires further study in additional 

patient cohorts. 

In summary, all of these cohorts validate the prognostic utility of the Glasgow 

Microenvironment Score, particularly in the context of colon cancers. The poor outcome of 

GMS 2, even in the context of otherwise low-risk disease (TNM II and Petersen index<2), 

indicates that this subgroup should be considered an additional high-risk feature that 

warrants consideration for more intense follow up and possibly for adjuvant therapy. 

Conversely, the GMS 0 subgroup appear to have a better outcome, even in high-risk patients. 

GMS should be further assessed in the context of prospective randomised clinical trials.  

Since the GMS had been shown to be an effective pathological scoring system in stratifying 

colorectal cancer survival, the next question to be posed was its utility and applicability to 

clinical practice. Could the GMS be useful in identifying individuals who were at greater 

risk of cancer relapse? Did specific GMS categories indicate potential locations of cancer 

recurrence? What were the effects of GMS on patients receiving specific chemotherapy 

regimens? 
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5. GMS AND CRC RECURRENCE 
The clinical utility of the GMS was subsequently assessed in the GRI-CRC-TMA, for which 

data was available on recurrence location for many of the patients. The main question asked 

initially was whether GMS would be able to specify location and likelihood of recurrence 

for those patients in each category.  

Previous studies have suggested that high stromal tumours, represented by GMS 2, have a 

higher rate of local recurrence(van Gestel et al., 2014, Hutchins et al., 2018). Given that 

prognosis is good in those with strong peritumoural inflammation, represented by GMS 0, it 

was hypothesised that patients in this group would have a low recurrence rate in general. 

GMS 1 represents a heterogenous group with neither strong peritumoural inflammation nor 

high TSP with an anticipated intermediate recurrence rate. Therefore, GMS may select 

patients who are more at risk of disease recurrence and who, as a result, may benefit from 

more intense postoperative surveillance.  

Furthermore, since a distinction began to be seen between colon cancer and rectal cancer in 

terms of GMS and survival, the two broad disease sites were also assessed separately with 

regard to survival and recurrence. In the previously assessed JP-TMA cohort, there was 

evidence of GMS stratification of CSS and RFS in rectal cancer (Chapter 4.4), whilst thus 

far, survival according to GMS in the GRI-CRC-TMA had only been assessed in colon 

cancer (Chapter 4.3). 
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5.1 SPECIFIC METHODS  

5.1.1 Patient cohort 

The GRI-CRC TMA was used to explore the recurrence rates and sites for patients in each 

GMS category. As previously described, 1000  patients having colorectal cancers resected 

between January 1997 and May 2013 in Glasgow Royal Infirmary(Park et al., 2016b).  The 

following exclusions were applied: thirty-day mortality, TNM 4 disease, and R1 resection 

(positive resection margins). Of the remaining 906 patients, pathology samples were 

available for 783 tumours. The primary endpoints were cancer-specific survival (CSS), 

defined as time from surgery to death from colorectal cancer and overall survival (OS), 

defined as time from surgery to date of death from any cause. Survival data were available 

until the 1st July 2020. Data on location of recurrence were collected, and for the purpose of 

multivariate Cox regression analysis of recurrence, the time from date of surgery to date of 

radiological or pathological confirmation of recurrence was used. 

5.1.2 Clinicopathological characteristics 

Clinical characteristics and recurrence data were recorded from patient case notes, both 

paper and electronic, and site of recurrence from imaging. Pathological data, including TNM 

stage and venous invasion (using elastic H&E-staining, for which both intra- and extramural 

venous invasion was considered as present) were collected from pathology reports. As 

previously described(Park et al., 2016b), the modified Glasgow Prognostic Score was 

calculated using CRP (C-reactive Protein) and Albumin levels in whole venous blood 

obtained within the 30 days preceding surgery. Data was available regarding which patients 

received adjuvant chemotherapy, but not the regimen or duration of chemotherapy. The 

Petersen index was used to indicate low- and high-risk TNM stage II disease(Petersen et al., 

2002): tumours with venous invasion or peritoneal involvement were assigned a score of 1, 

whereas tumour perforation was assigned a score of 2. Any individual with TNM III disease 
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or TNM II with a Petersen index ≥2 was considered high-risk. The definition of emergency 

surgery was unplanned surgery on index hospital admission within 5 days. 

5.1.3 GMS scoring  

A detailed description has already been given in the Generic Methods chapter (sections 2.4.1 

and 2.4.2) regarding the scoring of Klintrup-Mäkinen grade (KM) and Tumour Stroma 

Percentage (TSP). Scores were performed by PGA. Fifty cases were co-scored by a second 

investigator (HCvW) and for all scores, intra-class correlation co-efficient was >0.8. 

These were combined as the GMS as previously described(Alexander et al., 2020c). In brief, 

strong KM and any TSP scored GMS 0; weak KM with low TSP scored GMS 1 and weak 

KM with high TSP scored GMS 2.  

5.1.4 Statistical analysis 

All data were analysed using SPSS version 27.0 (IBM SPSS). Survival analysis was 

performed using Kaplan-Meier curves and log-rank analysis with adjustment for T-stage, N-

stage and other clinicopathological features, where appropriate. Results are presented with 

hazard ratios (HR) and 95% confidence intervals (CI) calculated with univariate Cox 

regression analysis. Multivariate survival analysis was performed using a backward 

conditional stepwise model. A statistical significance threshold of p<0.1 was used to identify 

variables for inclusion in the multivariate model. In-text results are given as HR, 95% CI for 

GMS 0 vs GMS 2, p-value of log-rank analysis for overall trend. Chi-squared analysis was 

performed to test associations between categorical variables and GMS. The study conformed 

to the REMARK guidelines(McShane et al., 2005) and statistical significance value was set 

at p<0.05. 
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5.2 RESULTS  

Samples were available for 783 tumours, out of a possible 906, with TNM I-III CRC. 

Compared with the missing samples, those with H&E-stained slides available were more 

likely to have higher T-stage, more venous invasion and to be colonic rather than rectal 

location (Table 5.1). Clinicopathological characteristics for included patients are given in 

Table 5.2. Sixty-seven percent of patients were younger than 75 years at time of surgery; 55% 

were male; 8% presented as an emergency and 61% were node-negative. One hundred and 

thirty-two patients (17%) were GMS 0; 501 (64%) were GMS 1 and 149 (19%) were GMS 

2. There were 477 deaths, of which 201 were related to CRC, and 221 developed recurrence. 

Of the recurrences, 66 patients developed local recurrence with or without systemic 

recurrence. An increasing GMS was associated with emergency presentation (p=0.04), 

higher T- and N-stage (both p<0.001) and venous invasion (p<0.001), (Table 5.2). 
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Table 5.1. Clinicopathological variables for patients with no H&E-stained slides 

(N=123) vs those with H&E-stained slides (N=783). 

Clinicopathological 
characteristics 

No H&E 
available 

H&E 
available 

Chi 
square 

 N (%)a N (%)a P 
Age    

≤64 46 (37) 257 (33) 0.27 
65-74 41 (33) 265 (34)  
≥75 36 (29) 261 (33)  

Gender    
Female 59 (48) 354 (45) 0.57 
Male 64 (52) 429 (55)  

Presentation    
Elective 113 (92) 719 (92) 0.99 
Emergency 10  (8) 64    (8)  

TNM    
I 34 (28) 112 (14) 0.006 
II (low-risk) 48 (39) 368 (47)  
III (high-risk) 41 (33) 303 (39)  

T-stage    
T1 22  (18) 43    (6) <0.001 
T2 17  (12) 92   (12)  
T3 65 (53) 451 (58)  
T4 19 (15) 197 (25)  

N-stage    
N0 82 (67) 480 (61) 0.47 
N1 28 (23) 225 (29)  
N2 13 (11) 78   (10)  

Site    
Colon 68 (55) 554 (71) 0.001 
Rectum 55 (45) 229 (29)  

Differentiation    
Well/mod 112 (93) 705 (91) 0.47 
Poor 9 (7) 74    (9)  

Venous invasion    
Absent 71 (58) 374 (48) 0.04 
Present 52 (42) 409 (52)  

mGPS    
0 83 (67) 500 (64) 0.45 
1 23 (19) 160 (20)  
2 17 (14) 123 (16)  

GMS    
0 - 132 (17) - 
1 - 501 (64)  
2 - 150 (19)  

apercentages rounded to nearest whole number and may not total 100% 
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Table 5.2. Cancer-specific and overall survival in stage I-III colorectal cancer and associations of clinicopathological features with GMS 
 Cancer-specific survival Overall survival GMS category 
Clinico-
pathological 
characteristics 

N (%)a Univariate 
HR  
(95% CI) 

P Multivariate 
HR  
(95% CI) 

P Univariate 
HR 
(95% CI) 

P Multivariate 
HR  
(95% CI) 

P 0 (n=132) 
N (%)a 

1 (n=501) 
N (%) 

2 (n=150) 
N (%) 

X2 

Age                 
≤64 257 (33)         50 (38) 162  (32) 45    (30) 0.72 
65-74 265 (34)         34    (26) 174  (35) 57    (38)  
≥75 261 (33) 1.39 (1.17-

1.66) 
<0.001 1.37 (1.15-

1.64) 
0.001 1.85 (1.64-

2.08) 
<0.001 1.79 (1.59-

2.02) 
<0.001 48    (36) 165  (33) 48    (32)  

Gender                 
Female 354 (45)         61  (46) 231  (46) 62    (41) 0.39 
Male 429 (55) 1.16 (0.88-

1.54) 
0.29 – – 1.12 (0.93-

1.34) 
0.23 – – 71  (54) 270  (54) 88    (59)  

Presentation                 
Elective 719 (92)         125  (95) 462  (92) 132  (88) 0.04 
Emergency 64    (8) 2.11 (1.41-

3.14) 
<0.001 – 0.10 1.46 (1.09-

1.96) 
0.012 – 0.57 7     (5) 39   (8) 18    (12)  

TNM                 
I 112 (14)         41  (31) 65  (13) 6  (4) <0.001 
II 368 (47)         62    (47) 249  (50) 57 (38)  
III 303 (39) 2.32 (1.83-

2.93) 
<0.001b – – 1.39 (1.21-

1.59) 
<0.001b – – 29    (22) 187  (37) 87    (58)  

T-stage                 
T1 43    (6)         17     (13) 25     (5) 1       (1) <0.001 
T2 92   (12)         33    (25) 53     (11) 6       (4)  
T3 451 (58)         68  (52) 300  (60) 83    (55)  
T4 197 (25) 1.78 (1.44-

2.19) 
<0.001 1.35 (1.08-

1.70) 
0.009 1.33 (1.17-

1.50) 
<0.001 – 0.08 14   (11) 123  (25) 60    (40)  

N-stage                 
N0 480 (61)         103  (78) 314  (63) 63    (42) <0.001 
N1 225 (29)         25    (19) 139  (28) 61    (41)  
N2 78   (10) 1.93 (1.61-

2.31) 
<0.001 1.77 (1.47-

2.14) 
<0.001 1.29 (1.13-

1.46) 
<0.001 1.29 (1.12-

1.47) 
<0.001 4     (3) 48    (10) 26    (17)  
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Site                 
Colon 554 (71)         93  (71) 359  (72) 102    (68) 0.63 
Rectum 229 (29) 1.08 (0.80-

1.45) 
0.63 – – 0.99 (0.81-

1.20) 
0.90 – – 39    (30) 142    (28) 48    (32)  

Neoadjuvant 
therapy 

                

No 725 (93)         127  (96) 464  (93) 134  (91) 0.06 
Yes 54    (7) 0.99 (0.59-

1.68) 
0.98 – – 0.68 (0.45-

1.03) 
0.07 – 0.65 5     (4) 35   (7) 14    (10)  

Differentiation                 
Well/mod 705 (91)         128  (97) 442  (89) 135  (90) 0.06 
Poor 74    (9) 1.10 (0.68-

1.79) 
0.70 – – 1.23 (0.91-

1.66) 
0.18 – – 4     (3) 55    (11) 15     (10)  

Venous 
invasion 

                

Absent 374 (48)         74  (56) 247  (49) 53    (35) <0.001 
Present 409 (52) 1.48 (1.12-

1.97) 
0.006 – 0.49 1.20 (1.00-

1.44) 
0.047 – 0.43 58    (44) 254  (51) 97    (65)  

mGPS                 
0 500 (64)         88 (67) 323  (65) 89    (59) 0.19 
1 160 (20)         22  (17) 108  (22) 30    (20)  
2 123 (16) 1.39 (1.17-

1.66) 
<0.001 1.25 (1.04-

1.51) 
0.02 1.44 (1.28-

1.61) 
<0.001 1.28 (1.13-

1.44) 
<0.001 22  (17) 70  (14) 31    (21)  

              
GMS                 

0 132 (17)         –  –  –  – 
1 501 (64)         –  –  –   
2 150 (19) 1.95 (1.54-

2.46) 
<0.001 1.50 (1.17-

1.92) 
0.001 1.41 (1.21-

1.65) 
<0.001 1.22 (1.04-

1.43) 
0.016 –  –  –   

      apercentages rounded to nearest whole number and may not total 100%  bnot included in multivariate model as T-stage and N-stage included separately 

Bold indicates p<0.05 
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Associations between GMS and CSS were assessed (Table 5.2, Figure 5.1A). GMS was able 

to stratify CSS in the whole cohort with 5-year CSS of 89% for GMS 0, 78% for GMS 1 and 

61% for GMS 2 (GMS 0 vs GMS 2: HR 3.72 95% CI 2.22-6.24, p<0.001). On multivariate 

analysis, GMS remained independent (p=0.001) of age (p=0.001), T-stage (p=0.009), N-

stage (p<0.001) and mGPS (p=0.02). Subgroup analysis was performed according to TNM 

stage and primary tumour location (Table 5.3). GMS was able to stratify survival in early 

TNM I-II disease with 5-year CSS for GMS 0, 1 and 2 of 89%, 87% and 75%, respectively 

(GMS 0 vs GMS 2: HR 2.89 95% CI 1.42-5.85, p=0.003, Figure 5.1B); and TNM III disease 

with 5-year CSS for GMS 0, 1 and 2 of 90%, 63% and 50%, respectively (GMS 0 vs GMS 

2: HR 3.36 95% CI 1.42-7.91, p=0.006, Figure 5.1C). In addition, GMS was able to stratify 

CSS regardless of the use of adjuvant chemotherapy (No adjuvant therapy: GMS 0 vs GMS 

2: HR 3.33 95% CI 1.91-5.82, p<0.001; Adjuvant therapy: GMS 0 vs GMS 2: HR 11.54 95% 

CI 1.54-86.27, p=0.02) or the site of primary tumour (Colon cancer: GMS 0 vs GMS 2: HR 

3.54 95% CI 1.92-6.51, p<0.001; Rectal cancer: GMS 0 vs GMS 2: HR 4.17 95% CI 1.56-

11.13, p=0.004). 
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Figure 5.1. CSS according GMS in: (A) Full cohort (N=782); (B) TNM I-II (N=479); (C) 

TNM III (n=303); (D) Colon cancers (n=554); (E) Rectal cancers (n=228)
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Table 5.3. Univariate survival analysis (CSS and OS) for GMS according to TNM, adjuvant chemotherapy and location of primary cancer 

Group 
GMS category  

 Cancer-specific Survival Overall Survival 

 N 5-year CSS 
(%; SE) 

Events 
(N=201) 

HR (95% CI) P 5-year OS 
(%; SE) 

Events 
(N=477) 

HR (95% CI) P 

Full cohort    Trend <0.001   Trend <0.001 
0 132 89 (3) 19 1.0 (reference)  75 (4) 67 1.0 (reference)  
1 501 78 (2) 122 1.88 (1.16-3.06) 0.01 63 (2) 310 1.40 (1.08-1.82) 0.01 
2 149 61 (4) 60 3.72 (2.22-6.24) <0.001 48 (4) 100 1.97 (1.44-2.69) <0.001 

          
TNM I-II    Trend 0.003   Trend 0.09 

0 103 89 (3) 13 1.0 (reference)  74 (4) 51 1.0 (reference)  
1 314 87 (2) 50 1.35 (0.73-2.48) 0.34 69 (3) 183 1.26 (0.92-1.72) 0.15 
2 63 75 (6) 19 2.89 (1.42-5.85) 0.003 58 (6) 38 1.59 (1.04-2.42) 0.03 

TNM III    Trend 0.007   Trend 0.006 
0 29 90 (6) 6 1.0 (reference)  79 (8) 16 1.0 (reference)  
1 187 63 (4) 72 2.24 (0.97-5.14) 0.06 54 (4) 127 1.67 (0.99-2.81) 0.05 
2 86 50 (6) 41 3.36 (1.42-7.91) 0.006 41 (5) 62 2.32 (1.33-4.03) 0.003 
          

No adjuvant chemo    Trend <0.001   Trend 0.001 
0 111 87 (3) 18 1.0 (reference)  70 (4) 63 1.0 (reference)  
1 375 78 (2) 88 1.59 (0.96-2.65) 0.07 61 (3) 252 1.33 (1.01-1.75) 0.046 
2 99 63 (5) 40 3.33 (1.91-5.82) <0.001 47 (5) 72 1.88 (1.34-2.64) <0.001 

Adjuvant chemo    Trend 0.007   Trend 0.002 
0 21 100 (0) 1 1.0 (reference)  100 (0) 4 1.0 (reference)  
1 126 76 (4) 34 6.82 (0.93-49.86) 0.06 71 (4) 58 3.33 (1.21-9.20) 0.02 
2 49 58 (7) 19 11.54 (1.54-86.27) 0.02 51 (7) 27 5.30 (1.84-15.26) 0.002 

          
Colon cancer    Trend <0.001   Trend 0.002 

0 93 90 (3) 14 1.0 (reference)  77 (4) 47 1.0 (reference)  
1 359 79 (2) 85 1.78 (1.01-3.13) 0.046 64 (3) 225 1.40 (1.03-1.92) 0.04 
2 102 61 (5) 40 3.54 (1.92-6.51) <0.001 47 (5) 68 1.95 (1.34-2.83) <0.001 
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Rectal Cancer    Trend 0.004   Trend 0.04 
0 39 89 (5) 5 1.0 (reference)  69 (7) 20 1.0 (reference)  
1 142 75 (4) 37 2.16 (0.85-5.50) 0.11 63 (4) 85 1.38 (0.84-2.24) 0.20 
2 47 61 (8) 20 4.17 (1.56-11.13) 0.004 51 (7) 32 2.02 (1.15-3.54) 0.015 

 



242 
 

Next, associations between GMS and OS were assessed (Table 5.2). GMS was able to 

stratify OS in the whole cohort with 5-year OS of 75% for GMS 0, 63% for GMS 1 and 48% 

for GMS 2 (GMS 0 vs GMS 2: HR 1.97 95% CI 1.44-2.69, p<0.001). On multivariate 

analysis, GMS was independent (p=0.012) of age (p<0.001), N-stage (p<0.001) and mGPS 

(p<0.001). Subgroup analysis was performed according to TNM stage and primary tumour 

location (Table 5.3). GMS was able to stratify survival in TNM I-II disease with 5-year OS 

for GMS 0, 1 and 2 of 74%, 69% and 58%, respectively (GMS 0 vs GMS 2: HR 1.59 95% 

CI 1.04-2.42, p=0.03); and TNM III disease with 5-year OS for GMS 0, 1 and 2 of 79%, 54% 

and 41%, respectively (GMS 0 vs GMS 2: HR 2.32 95% CI 1.33-4.03, p=0.003). In addition, 

GMS was able to stratify OS regardless of the use of adjuvant chemotherapy (No adjuvant 

therapy: GMS 0 vs GMS 2: HR 1.88 95% CI 1.34-2.64, p<0.001; Adjuvant therapy: GMS 0 

vs GMS 2: HR 5.30 95% CI 1.84-15.26, p=0.002) or the site of primary tumour (Colon 

cancer: GMS 0 vs GMS 2: HR 1.95 95% CI 1.34-2.83, p<0.001; Rectal cancer: GMS 0 vs 

GMS 2: HR 2.02 95% CI 1.15-3.54, p=0.015). 

The relationship between pattern of recurrence and GMS was subsequently examined (Table 

5.4). Overall, the recurrence rate for GMS 0 was 15% during the course of follow up, 

compared with 27% in GMS 1 and 38% in GMS 2. The rates of local recurrence +- systemic 

recurrence for GMS 0, 1 and 2 were 5%, 9% and 13%, respectively (p=0.02). Similarly, the 

rates for distant recurrence only were 11%, 22% and 31%, respectively, for GMS 0, 1 and 2 

(p<0.001). In terms of specific recurrence location, GMS 0 had the highest recurrence-free 

rate of 85%, vs 73% for GMS 1 and 62% for GMS 2. The numbers were small for most 

individual locations, but the pattern was similar for liver, lung and widespread recurrences 

with highest rates in GMS 2 and lowest in GMS 0. 
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Table 5.4. GMS and recurrence location stratified by site of primary (n=737)  
Group  GMS 
Colon + Rectal 
cancer 

N 0 (n=125) N (%)a 1 (n=474) N (%) 2 (n=138) N (%) X2 

Recurrence         
None 540 106  (85) 348  (73) 86    (62)  
Local +- systemic 66 6 (5) 42 (9) 18    (13) 0.02 
Distant 160 14 (11) 103  (22) 43    (31) <0.001 

         
Recurrence location         

None 540 106  (85) 348  (73) 86    (62) -b 
Local only 35 5  (4) 22 (5) 8    (6)  
Nodal 3 1 (1) 2  (1) 0    (0)  
Liver 57 3 (2) 39  (8) 15    (11)  
Lung 22 3 (2) 12  (3) 7    (5)  
Brain 6 1 (1) 5 (1) 0 (0)  
Widespread 74 6 (5) 46  (10) 22 (16)  
         

Colon cancer only 
(n=522) 

N 0 (n=89) N (%)a 1 (n=338) N (%) 2 (n=95) N (%)  

Recurrence         
None 384 73  (86) 251  (82) 60    (72)  
Local +- systemic 47 4 (5) 31 (9) 12    (13) 0.06 
Distant 109 13 (15) 68  (20) 28    (30) 0.01 
         
Recurrence location         
None 384 73  (86) 251  (82) 60    (72) -b 
Local only 29 3  (3) 18 (5) 7    (7)  
Nodal 3 1 (1) 2  (1) 0    (0)  
Liver 35 3 (3) 21  (6) 11    (12)  
Lung 12 2 (2) 7 (2) 3 (3)  
Brain 4 1 (1) 3 (1) 0 (0)  
Widespread 56 6 (7) 36 (11) 15 (15)  
         

Rectal cancer only 
(n=215) 

N 0 (n=36) N (%)a 1 (n=136) N (%) 2 (n=43) N (%)  

Recurrence         
None 156 33 (92) 97 (71) 26 (61)  
Local +- systemic 19 2 (6) 11 (8) 6    (14) 0.17 
Distant 51 1 (3) 35 (26) 15 (36) <0.001 
         
Recurrence location         
None 156 33 (92) 97 (71) 26 (61) -b 
Local only 7 2 (6) 4 (3) 1 (2)  
Nodal 0 - - - - - -  
Liver 22 0 (0) 18 (13) 4    (9)  
Lung 10 1 (3) 5 (4) 4 (9)  
Brain 2 0 - 2 (2) 0 -  
Widespread 18 0 (0) 10 (7) 8 (19)  

atotal percentage may not equal 100 as rounded to nearest whole number  
bno statistical analysis as cells with n<6 
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Multivariate analysis was subsequently performed according to location of recurrence 

(Table 5.5). On univariate analysis, GMS was significant for local recurrence with or 

without systemic recurrence (p=0.003, Figure 5.2A), although this was not independent of 

T-stage (p=0.001) or N-stage (p=0.002) on multivariate analysis. GMS was significant on 

multivariate analysis for recurrence at any location (HR 1.38, 1.08-1.78, p=0.01, Figure 

5.2D), independent of T-stage (p=0.02), N-stage (p<0.001), emergency presentation 

(p=0.15), venous invasion (p=0.07) and systemic inflammation (mGPS), (p=0.01). 

 



245 
 

Table 5.5. Local and systemic recurrence in stage I-III colorectal cancer and associations of clinicopathological features and GMS 

Clinicopathological 
characteristics 

Recurrence at any location Local recurrence (with or without systemic recurrence) 

 Univariate HR 
(95% CI) 

P Multivariate HR 
(95% CI) 

P Univariate HR 
(95% CI) 

P Multivariate HR 
(95% CI) 

P 

Age         
≤64         
65-74         
≥75 1.14 (0.96-1.36) 0.13 – – 1.25 (0.93-1.70) 0.15 – – 

Gender         
Female         
Male 1.24 (0.93-1.65) 0.14 – – 1.03 (0.64-1.68) 0.89 – – 

Presentation         
Elective         
Emergency 2.01 (1.32-3.06) 0.001 – 0.15 2.27 (1.12-4.59) 0.02 – 0.46 

TNM         
I         
II (low-risk)         
III (high-risk) 2.04 (1.62-2.56) <0.001b – – 2.09 (1.41-3.11) <0.001b – – 

T-stage         
T1         
T2         
T3         
T4 1.75 (1.42-2.16) <0.001 1.32 (1.05-1.66) 0.02 2.45 (1.66-3.62) <0.001 2.01 (1.33-3.03) <0.001 

N-stage         
N0         
N1         
N2 1.83 (1.52-2.20) <0.001 1.59 (1.31-1.94) <0.001 1.89 (1.38-2.59) <0.001 1.67 (1.20-2.32) 0.002 
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Site 
Colon         
Rectum 1.06 (0.78-1.44) 0.71 – – 1.00 (0.59-1.71) 0.99   

Differentiation         
Well/mod         
Poor 1.19 (0.75-1.89) 0.43 – – 1.43 (0.69-3.01) 0.34 – – 

Venous invasion         
Absent         
Present 1.72 (1.29-2.31) <0.001 – 0.07 1.22 (0.75-1.98) 0.42 – – 

mGPS         
0         
1         
2 1.31 (1.09-1.56) 0.003 1.28 (1.06-1.55) 0.01 1.50 (1.11-2.02) 0.01 – 0.06 

GMS         
0         
1         
2 1.76 (1.38-2.23) <0.001 1.38 (1.08-1.78) 0.01 1.89 (1.25-2.85) 0.003 – 0.15 

 apercentages rounded to nearest whole number and may not total 100%   

bnot included in multivariate model as T-stage and N-stage included separately 
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Figure 5.2. Local recurrence (+- systemic involvement), (A-C), and recurrence at any location, (D-F), stratified by GMS. (A) local recurrence in full 

cohort (n=783); (B) local recurrence in colon cancers (n=554); (C) local recurrence in rectal cancers (n=229); (D) recurrence at any location in full 

cohort; (E) recurrence at any location in colon cancers (n=554); (F) recurrence at any location in rectal cancers (n=229) 
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The relationship between pattern of recurrence and GMS was subsequently examined in 

colon and rectal cancers separately (Table 5.4, Figure 5.2). In colon cancers, the recurrence 

rate for GMS 0 was 20% during the course of follow up, compared with 28% in GMS 1 and 

38% in GMS 2. The rates of local recurrence +- systemic recurrence for GMS 0, 1 and 2 

were 5%, 9% and 13%, respectively (p=0.06, Table 5.6). Similarly, the rates for distant 

recurrence only were 14%, 19% and 27%, respectively, for GMS 0, 1 and 2 (p=0.04). In 

terms of specific recurrence location, GMS 0 had the highest recurrence-free rate of 86%, vs 

82% for GMS 1 and 72% for GMS 2. The numbers were small for most individual locations, 

but the pattern was similar for liver, lung and widespread recurrences with highest rates in 

GMS 2 and lowest in GMS 0. On univariate analysis, GMS was significant for local 

recurrence with or without systemic recurrence (p=0.02, Figure 5.2B, Table 5.6), although 

this was not independent of T-stage (p=0.001) or N-stage (p=0.004) on multivariate analysis. 

Similarly, GMS was significant on univariate analysis for recurrence at any location (p=0.02, 

Figure 5.2D), although this was not independent of T-stage (p<0.001), N-stage (p<0.001) or 

mGPS (p=0.02). 
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Table 5.6. Local and systemic recurrence in stage I-III colon cancers and associations of clinicopathological features and GMS (N=554). 

Clinicopathological characteristics Recurrence at any location Local recurrence (with or without systemic recurrence) 
 Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P 

Age         
≤64         
65-74         
≥75 1.19 (0.96-1.46) 0.11 – – 1.24 (0.87-1.78) 0.24 – – 

Gender         
Female         
Male 0.96 (0.69-1.35) 0.83 – – 0.75 (0.42-1.33) 0.33 – – 

Presentation         
Elective         
Emergency 2.00 (1.28-3.13) 0.002 – 0.25 1.80 (0.81-4.02) 0.15 – – 

TNM         
I         
II (low-risk)         
III (high-risk) 2.06 (1.56-2.73) <0.001b – – 2.44 (1.49-3.98) <0.001b – – 

T-stage         
T1         
T2         
T3         
T4 1.97 (1.52-2.57) <0.001 1.65 (1.25-2.17) <0.001 2.67 (1.65-4.32) <0.001 2.01 (1.33-3.03) <0.001 

N-stage         
N0         
N1         
N2 1.78 (1.43-2.22) <0.001 1.60 (1.27-2.01) <0.001 2.12 (1.47-3.06) <0.001 1.67 (1.20-2.32) 0.004 
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Differentiation 
Well/mod         
Poor 1.30 (0.78-2.15) 0.32 – – 1.61 (0.72-3.60) 0.25 – – 

Venous invasion         
Absent         
Present 1.77 (1.25-2.50) 0.001 – 0.16 1.35 (0.76-2.41) 0.31 – – 

mGPS         
0         
1         
2 1.40 (1.13-1.72) 0.002 1.30 (1.05-1.62) 0.02 1.40 (0.98-2.00) 0.06 – 0.23 

GMS         
0         
1         
2 1.63 (1.23-2.17) <0.001 – 0.12 1.81 (1.11-2.94) 0.02 – 0.35 

 apercentages rounded to nearest whole number and may not total 100%   

bnot included in multivariate model as T-stage and N-stage included separately 

Bold indicates p<0.05
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In rectal cancers, the recurrence rate for GMS 0 was 8% during the course of follow up, 

compared with 29% in GMS 1 and 39% in GMS 2. The rates of local recurrence +- systemic 

recurrence for GMS 0, 1 and 2 were 6%, 8% and 14%, respectively (p=0.17). Similarly, the 

rates for distant recurrence only were 3%, 26% and 36%, respectively, for GMS 0, 1 and 2 

(p<0.001). In terms of specific recurrence location, GMS 0 had the highest recurrence-free 

rate of 91%, vs 71% for GMS 1 and 61% for GMS 2. The numbers were small for most 

individual locations, but the pattern was similar for liver, lung and widespread recurrences 

with higher rates in GMS 2 and the lowest in GMS 0. On univariate analysis, GMS did not 

reach significance for local recurrence with or without systemic recurrence (p=0.06, Figure 

5.2C, Table 5.7). Emergency presentation (p=0.002), T-stage (p=0.04) and mGPS (p=0.04) 

were significant for local recurrence in rectal cancers. There were not sufficient event 

numbers in this category to support multivariate analysis. GMS was significant on 

multivariate analysis for recurrence at any location (HR 1.99, 1.26-3.16, p=0.003, Figure 

5.2F), independent of gender (p=0.006) and N-stage (p<0.001). 
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Table 5.7. Local and systemic recurrence in stage I-III rectal cancers and associations of clinicopathological features and GMS (N=229) 

Clinicopathological characteristics Recurrence at any location Local recurrence (with or without systemic recurrence) 
 Univariate HR 

(95% CI) 
P Multivariate HR 

(95% CI) 
P Univariate HR 

(95% CI) 
P Multivariateb 

HR (95% CI) 
P 

Age         
≤64         
65-74         
≥75 1.07 (0.77-1.50) 0.68 – – 1.27 (0.71-2.28) 0.43 – – 

Gender         
Female         
Male 2.57 (1.39-4.77) 0.003 2.40 (1.29-4.47) 0.006 2.84 (0.93-8.62) 0.07 – – 

Presentation         
Elective         
Emergency 2.85 (0.70-11.7) 0.15 – – 10.5 (2.40-46.1) 0.002 – – 

TNM         
I         
II (low-risk)         
III (high-risk) 1.98 (1.33-2.94) <0.001a – – 1.56 (0.81-3.02) 0.18 – – 

T-stage         
T1         
T2         
T3         
T4 1.45 (0.99-2.12) 0.05 – 0.48 2.20 (1.05-4.58) 0.04 – – 

N-stage         
N0         
N1         
N2 1.93 (1.37-2.70) <0.001 1.81 (1.28-2.55) <0.001 1.36 (0.73-2.54) 0.34 – – 
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Differentiation 
Well/mod         
Poor 0.91 (0.29-2.92) 0.88 – – 1.01 (0.13-7.56) 0.99 – – 

Venous invasion         
Absent         
Present 1.56 (0.91-2.68) 0.11 – – 0.89 (0.36-2.21) 0.81 – – 

mGPS         
0         
1         
2 1.12 (0.76-1.64) 0.58 – – 1.82 (1.04-3.19) 0.04 – – 

GMS         
0         
1         
2 2.09 (1.35-3.23) <0.001 1.99 (1.26-3.16) 0.003 2.12 (0.97-4.64) 0.06 – – 

anot included in multivariate model as T-stage and N-stage included separately        bmultivariate analysis not supported for local recurrence as there were only 19 events 

Bold indicates p<0.05 
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5.3 DISCUSSION  

In this large, single-centre study, the GMS was observed to be an independent prognostic 

marker for TNM I-III CRC. Although not associated with specific site, an increasing GMS 

was associated with increased risk of recurrence overall. 

Subgroup analysis of colon and rectal cancers individually revealed that recurrence at any 

location was predicted by GMS. This was independently significant in rectal cancers, 

although in colon cancers, was not independent of T-stage, N-stage and mGPS. The numbers 

of local recurrences were smaller, particularly in the rectal cancer subgroup and GMS did 

not reach univariate significance in this subgroup. In the colon cancer subgroup GMS was 

significant on univariate analysis but was not independent of T-Stage and N-stage, as shown 

in the full cohort. 

GMS 0, characterised by higher peritumoural inflammatory response has been established 

as a prognostic marker conferring a survival benefit(Alexander et al., 2020b). The same 

effect was observed in the current study with the lowest recurrence rate in this group. It must 

be noted, however that the recurrence rate is not zero and whilst higher peritumoural 

inflammatory response is considered protective, there are clearly other factors at play in this 

group. Of note, the type of immune cells is not accounted for by this specific scoring system. 

Others have shown that polarisation of macrophages to M2 macrophages may be a poor 

prognostic sign(Väyrynen et al., 2021). Furthermore, the individuals that developed 

recurrence in spite of the beneficial phenotype of strong KM may have had a more aggressive 

tumour biology. These, therefore, represent areas requiring further investigation and the 

combination of genetic profile and GMS is one of the planned future directions of study. 

In the present study, patients with GMS 2 had the highest rates both of local and distant 

disease recurrence. Previous work suggests that this pathological phenotype, characterised 

by high TSP and accompanied by a poor immune response, denotes a mesenchymal subtype 
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with poor prognosis and higher recurrence risk(Alexander et al., 2020c, van Gestel et al., 

2014, Hutchins et al., 2018, Roseweir et al., 2020, Hansen et al., 2018). There are several 

confounding factors in this group with associations demonstrated between higher GMS and 

higher T-stage, N-stage and venous invasion, a finding also demonstrated in other 

studies(Hansen et al., 2018). Specifically, GMS was not independent of T-stage or N-stage, 

although GMS was an independent prognostic marker when comparing overall risk of 

recurrence at any location. This may be partly due to the lower numbers of local recurrences. 

Kaplan-Meier curves for both CSS and OS display an early and sustained fall in survival in 

the GMS 2 group. 

Given the high-risk nature of the GMS 2 phenotype, these tumours may warrant more 

aggressive follow up with an enhanced surveillance programme, in order to detect recurrent 

disease at an earlier stage. 

GMS has been observed to associate with both local and systemic CRC recurrence. GMS 

was an independent prognostic indicator for disease recurrence at any location. The numbers 

for local disease recurrence were low, however, and GMS was not found to be independent 

of T-stage and N-stage as a predictor of local disease recurrence. Nevertheless, given that 

GMS is a marker for recurrent colorectal cancer, patients with higher GMS tumours may 

benefit from enhanced postoperative surveillance to aid the earlier detection of recurrent 

disease. 
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6. GMS AND RESPONSE TO CHEMOTHERAPY 
The clinical utility of the GMS was subsequently assessed in the relation to GMS and 

response to chemotherapy. Two cohorts were used to assess this: firstly, the GRI-CRC-TMA, 

for which data was available on whether any adjuvant chemotherapy was given (but not type 

of chemotherapy) in the group of patients that would be considered higher risk for recurrence, 

according to the Petersen index; secondly, the TransScot cohort was used to assess response 

of different GMS cohorts to type and duration of two different chemotherapeutic regimens 

(FOLFOX and CAPOX). The TransScot data for this chapter was published previously in 

the British Journal of Cancer(Alexander et al., 2020c). 

Recently, a modified version of the GMS in colorectal cancer biopsy specimens (using CD3 

as a marker of the immune phenotype, since it is not possible to assess KM in a biopsy 

specimen as the invasive margin will not be visualised) has been shown to accurately reflect 

that of the full resected specimen, indicating that it may be useful in dictating choice of 

neoadjuvant therapy(Park et al., 2020). 

There are data that suggests high stromal tumours, represented by GMS 2, have a higher rate 

of local recurrence(van Gestel et al., 2014, Hutchins et al., 2018). This was also 

demonstrated in the previous chapter. It was hypothesised that GMS 2 tumours might have 

an inferior response to standard chemotherapy. Furthermore, since one of the main 

mechanisms that chemotherapy employs is the destruction of more rapidly replicating cells 

(i.e. tumour tissue) than healthy tissue, thereby also potentially stimulating a greater 

inflammatory reaction to the exposed antigens on the destroyed tissue, it was hypothesised 

that GMS 0 tumours might respond best to chemotherapy in general. 

The GMS could provide a platform on which to develop personalized treatment approaches 

for CRC, which is also important for adjuvant chemotherapy, where biomarkers are lacking. 

For example, the SCOT trial recently demonstrated patients receiving CAPOX (capecitabine 

and oxaliplatin) have similar survival with 3- versus 6-months duration, whereas patients 
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receiving FOLFOX (bolus and infused fluorouracil with oxaliplatin) may benefit from 6-

months duration(Iveson et al., 2018, Souglakos et al., 2019). Therefore, it is important to 

identify patients who may benefit from a longer and more intensive chemotherapy regimen. 

The utility of a histopathology-based classification of the Consensus Molecular Subtypes 

called Phenotypic Subtypes, incorporating KM grade, TSP and the proliferation marker Ki67 

was recently investigated by Roseweir et al.(Roseweir et al., 2020). This stratified 

chemotherapy response in a cohort of 1343 patients from the adjuvant chemotherapy SCOT 

trial (TransSCOT), with the predictive power of this subtyping predominantly related to 

assessment of KM grade and TSP.  Therefore, it was deemed more appropriate and 

pragmatic in the current study to use GMS to assess the expanded cohort in preference to 

Phenotypic Subtypes, since the GMS can be performed on H&E slides that are routinely 

used in histopathological staining without the need for immunohistochemistry.  

Therefore, the primary aim of this chapter was to assess associations of GMS with adjuvant 

chemotherapy, type and duration in the GRI-CRC-TMA and TransSCOT cohorts.  

6.1 SPECIFIC METHODS 

6.1.1 Patient cohorts 

The GRI-CRC TMA was used to explore the recurrence rates and sites for patients in each 

GMS category. As previously described, this cohort comprised 1000  patients undergoing 

colorectal cancer resection between January 1997 and May 2013 in Glasgow Royal 

Infirmary(Park et al., 2016b).  The following exclusions were applied: thirty-day mortality, 

TNM IV disease, and R1 resection (positive resection margins). Of the remaining 906 

patients, pathology samples were available for 783 tumours. The primary endpoints were 

cancer-specific survival (CSS), defined as time from surgery to death from colorectal cancer 

and overall survival (OS), defined as time from surgery to date of death from any 

cause. Survival data were available until the 1st July 2020. 
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The TransScot cohort comprised 2912 patients with available tissue from the SCOT 

adjuvant chemotherapy trial (ISRCTN no. 59757862) who had undergone potentially 

curative resection for high-risk TNM II or TNM III CRC from 2008-2013 within the UK. 

All patients were followed up for at least 3 years. The primary endpoint was disease-free 

survival (DFS; measured from date of surgery/randomization to date of recurrence or all-

cause mortality) for this cohort. DFS was the only form of survival data available for study. 

Survival data was complete until the end of the study period for the TransSCOT cohort. 

Those who died within 30 days of surgery were excluded.  

6.1.2 Clinicopathological characteristics 

Clinical characteristics and recurrence data were recorded from patient case notes, 

both paper and electronic, and site of recurrence from imaging. Pathological data, including 

TNM stage and venous invasion (using elastic H&E-staining, for which both intra- and 

extramural venous invasion was considered as present) were collected from pathology 

reports. As previously described(Park et al., 2016b), the modified Glasgow Prognostic Score 

was calculated using CRP (C-reactive Protein) and Albumin levels in whole venous blood 

obtained within the 30 days preceding surgery. Data was available regarding which patients 

received adjuvant chemotherapy, but not the regimen or duration of chemotherapy. The 

Petersen index was used to indicate low- and high-risk TNM stage II disease(Petersen et al., 

2002): tumours with venous invasion or peritoneal involvement were assigned a score of 1, 

whereas tumour perforation was assigned a score of 2. Any individual with TNM III disease 

or TNM II with a Petersen index ≥2 was considered high-risk. The definition of emergency 

surgery was unplanned surgery on index hospital admission within 5 days. 

The clinicopathological characteristics for the TransScot cohort have been 

previously described(Iveson et al., 2018). Briefly, the cohort comprised of patients with 

stage III and high-risk stage II (one or more of T4 disease, tumour obstruction with or 

without perforation of the primary tumour preoperatively, fewer than ten lymph nodes 
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harvested, poorly differentiated histology, perineural invasion, or extramural venous or 

lymphatic invasion), treated with FOLFOX or CAPOX adjuvant chemotherapy randomized 

to 3- or 6-months’ duration. Tumours were staged using 7th edition of TNM. Date and site 

of recurrence and cause of death were crosschecked using electronic case records for both 

cohorts. 

6.1.3 GMS scoring  

A detailed description has already been given in the Generic Methods chapter (sections 2.4.1 

and 2.4.2) regarding the scoring of Klintrup-Mäkinen grade (KM) and Tumour Stroma 

Percentage (TSP). Scores for GRI-CRC-TMA were performed by PGA. Fifty cases were co-

scored by a second investigator (HCvW) and for all scores, intra-class correlation co-

efficient was >0.8. In the TransSCOT cohort, TSP and KM were scored by AR. For all 

microenvironment scoring, 10% of cases were co-scored in a blinded manner with an intra-

class correlation co-efficient of >0.7. 

These were combined as the GMS as previously described(Alexander et al., 2020c). In brief, 

strong KM and any TSP scored GMS 0; weak KM with low TSP scored GMS 1 and weak 

KM with high TSP scored GMS 2.  

6.1.4 Statistical analysis  

In the GRI-CRC-TMA, data were analysed using SPSS version 27.0 (IBM SPSS). For the 

TransSCOT cohort, data were analysed using SPSS version 25.0 (IBM SPSS) by Antonia 

Roseweir. Kaplan-Meier and log-rank analysis compared survival adjusted for T-stage, N-

stage and treatment duration, where appropriate. Hazard ratios (HR) and confidence intervals 

(CI) were calculated from univariate Cox regression survival analysis. Multivariable 

survival analysis using a backward conditional elimination model and a statistical 

significance threshold of p-value<0.1 was performed to identify independent prognostic 

biomarkers. Text results are reported as HR, 95% CI for GMS 0 vs GMS 2, but p-value given 

is for log-rank analysis of overall trend. Pearson chi-squared test was used to test associations 
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between categorical variables and GMS. A Cox proportional hazard (PH) interaction model 

was performed to assess interactions between GMS and treatment type/duration. The study 

conformed to the REMARK guidelines(McShane et al., 2005) and statistical significance 

was set at  p-value<0.05. 
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6.2 RESULTS 

6.2.1 GMS and adjuvant chemotherapy in the GRI-CRC-TMA 

The effect of chemotherapy vs no chemotherapy on CSS in high-risk disease (TNM III or 

Petersen index ≥2 in TNM II disease) according to GMS category was examined. It is 

noteworthy that of those with high-risk disease 187 patients did not receive chemotherapy 

and this would indicate a more comorbid group, which represents a bias in this analysis. 

Table 6.1 gives information on clinicopathological variables between the group receiving 

adjuvant chemotherapy vs none. Those who did not receive adjuvant therapy were older 

(p<0.001), had a poorer lymph node yield (p=0.03), were more systemically inflamed, 

according to mGPS (p=0.02), had a greater number of perforated tumours (p<0.05), trended 

towards higher T-stage (p=0.06) and, for those with information available, had a higher ASA 

grade (p<0.001). Table 6.2 provides details of analysis for each GMS category stratified by 

chemotherapy vs no chemotherapy. For GMS 0 (N=34), those receiving chemotherapy 

trended towards better survival (HR 0.14, 0.02-1.21, p=0.07, Figure 6.1A), although there 

were only 6 events in this subgroup, 5 of which were in the no chemotherapy group. For 

GMS 1 (N=223), those receiving chemotherapy had significantly better survival (HR 0.63, 

0.40-0.97, p=0.04, Figure 6.1B). Finally, for GMS 2 (N=95), those receiving chemotherapy 

trended towards better survival (HR 0.57, 0.31-1.04, p=0.07, Figure 6.1C), but did not reach 

significance.  
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Table 6.1. Clinicopathological variables for patients receiving adjuvant chemo (N=167) 

vs none (N=187) in high-risk CRC 

Clinicopathological characteristics 
 Chemo No chemo Chi 

square 
 N (%)a N (%)a P 

Age    
≤64 82 (49) 36 (19) <0.001 
65-74 62 (37) 61 (33)  
≥75 23 (14) 90 (48)  

Presentation    
Elective 150 (90) 158 (85) 0.14 
Emergency 17 (10) 29   (15)  

Location    
Colon 118 (71) 134  (72) 0.84 
Rectum 49  (29) 53    (28)  

TNM    
II (low-risk) 21 (13) 30   (16) 0.34 
III (high-risk) 146 (87) 157 (84)  

T-stage    
T1 4  (2) 2   (1) 0.06 
T2 8  (5) 9   (5)  
T3 91 (55) 85 (46)  
T4 64 (38) 91 (49)  

N-stage    
N0 21 (13) 30   (16) 0.20 
N1 105 (63) 120 (64)  
N2 41 (26) 37   (20)  

Neoadjuvant therapy    
No 153 (94) 172 (92) 0.50 
Yes 10 (6) 15  (8)  

Differentiation    
Well/mod 144 (87) 164 (88) 0.69 
Poor 22 (13) 22   (12)  

Lymph node sample <12    
Sample 12 nodes + 135 (81) 132 (71) 0.03 
Sample <12 nodes 32  (19) 55  (29)  

Peritoneal involvement    
Absent 107 (64) 104 (56) 0.11 
Present 60   (36) 83   (44)  

Tumour perforation    
Absent 163 (98) 174 (93) 0.046 
Present 4     (2) 13   (7)  

Venous invasion    
Absent 54   (32) 60  (32) 0.96 
Present 113 (68) 127(68)  

mGPS    
0 115 (69) 109 (64) 0.02 
1 35   (21) 43   (20)  
2 17   (10) 35   (19)  

ASA grade    
1 22  (21) 5   (4) <0.001 
2 47  (45) 52 (39)  
3 33  (32) 62 (47)  
4 2    (2) 13 (10)  
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Table 6.2. Univariate CSS survival for adjuvant chemotherapy vs no chemotherapy in 

high-risk TNM according to GMS 

Group 
 

 Cancer-specific Survival 

 N 10-year CSS 
(%; SE) 

Events HR (95% CI) P 

GMS 0      
No adjuvant chemotherapy 17 62 (14) 5 1.0 (reference)  
Adjuvant chemotherapy  17 92  (8) 1 0.14 (0.16-1.21) 0.07 

      
GMS 1      

No adjuvant chemotherapy 119 51 (5) 48 1.0 (reference)  
Adjuvant chemotherapy  104 66 (5) 34 0.63 (0.40-0.97) 0.04 
      

GMS 2      
No adjuvant chemotherapy 51 39 (8) 27 1.0 (reference)  
Adjuvant chemotherapy  44 59 (8) 17 0.57 (0.31-1.04) 0.07 
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Figure 6.1. CSS according to administration of adjuvant chemotherapy stratified by GMS status. (A) GMS 0 (N=34); (B) GMS 1 (N=223); (C) GMS 2 

(n=95)
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6.2.2 Interactions between GMS and chemotherapy type/duration in the 

TransSCOT cohort 

The interaction between GMS and adjuvant chemotherapy type and duration was 

investigated (Table 6.3). Multivariate Cox proportional hazard analysis was performed, 

demonstrating a significant interaction between GMS and chemotherapy type (p=0.01) but 

not duration (p=0.64). As an interaction was seen between GMS and chemotherapy type, 

associations with DFS where stratified for FOLFOX and CAPOX. For patients receiving 

FOLFOX, the association with DFS was strengthened with a 5-year DFS for GMS 0, 1 and 

2 of 88%, 62% and 54%, respectively (GMS 0 vs GMS 2: HR 3.50 95% CI 1.88-6.50, 

p<0.001, Figure 6.2B). However, for patients receiving CAPOX these associations were 

dampened with a 5-year DFS for GMS 0, 1 and 2 of 62%, 63% and 53%, respectively (GMS 

0 vs GMS 2: HR 1.33 95% CI 0.98-1.85, p=0.07, Figure 6.2C). As associations with DFS 

were strengthened in the FOLFOX-treated patients, patients were stratified by GMS 

category to assess if any group responded more favorably to one particular therapeutic 

regimen. Patients with GMS 0 significantly benefited from FOLFOX over CAPOX, with 5-

year DFS of 88% vs 62% (HR 2.23 95% CI 1.19-4.16, p<0.001, Figure 6.2D). However, no 

difference in DFS was seen for GMS 1 with 5-year DFS for FOLFOX and CAPOX of 62% 

vs 63% (HR 1.08 95% CI 0.88-1.33, p=0.21, Figure 6.2E) or GMS 2 with 5-year of 54% vs 

53%, respectively (HR 0.90 95% CI 0.68-1.19, p=0.68, Figure 6.2F). To ensure that the 

interaction between GMS 0 and chemotherapy type was not inadvertently due to one group 

receiving a longer course of chemotherapy than another, a further test of association was 

performed between type and duration of chemotherapy in the GMS 0 subgroup. There was 

no significant association between chemotherapy type and duration in this subgroup (p=0.11; 

Table 6.4). 
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Table 6.3. Interactions between GMS and chemotherapy Type or duration (N=2913). 

Group  GMS 
 N 0 

N (%)a 
1 

N (%) 
2 

N (%) 
Interaction 

P 
Full cohort  383 – 1867 – 663 –  

Chemotherapy type        0.013 
FOLFOX 846   (29) 120 (31) 526 (28) 200 (30)  
CAPOX 2067 (71) 263 (69) 1341 (72) 463 (70)  

Chemotherapy duration        0.64 
3 months 1468 (50) 194 (51) 955 (51) 319 (48)  
6 months 1444 (50) 189 (49) 911 (49) 344 (52)  

         
Lower Risk Stage III Patients 
(T1-3/N1; n=1284) 

 
202 – 861 – 221 – 

 

Chemotherapy type        0.005 
FOLFOX 374 (29) 64 (32) 249 (29) 61 (28)  
CAPOX 910 (71) 138 (68) 612 (71) 160 (72)  

Chemotherapy duration        0.82 
3 months 650 (51) 91 (45) 449 (52) 110 (50)  
6 months 634 (49) 111 (55) 412 (48) 111 (50)  

         
Higher Risk Stage III Patients 
(T4 and/or N2; n=1073) 

 
102 – 643 – 327 – 

 

Chemotherapy type        0.61 
FOLFOX 336 (31) 32 (31) 196 (31) 108 (33)  
CAPOX 736 (69) 70 (69) 447 (70) 219 (67)  

Chemotherapy duration        0.84 
3 months 543 (29) 57 (56) 335 (52) 151 (46)  
6 months 529 (71) 45 (44) 308 (48) 176 (54)  

         
 

Table 6.4. Association between chemotherapy type and chemotherapy duration in GMS 0 

subgroup (N=383). 

 Chemotherapy type Pearson X2 
FOLFOX  

N (%) 
CAPOX  

N (%) 
 

GMS 0 (n=383)  
Chemotherapy duration   0.11 

3-months 68  (57) 52  (48)  
6-months 52  (43) 137 (52)  
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Figure 6.2. Disease-free survival according to GMS, stratified by chemotherapy type in TransSCOT cohort: (A) full TransScot cohort (n=2912); (B) 

FOLFOX patients (n=846) or (C) CAPOX patients (n=2066). (D-F) DFS according to chemotherapy type in: (D) GMS 0 (n=383), (E) GMS 1 (n=1866) or 

(F) GMS 2 (n=663)
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Next, interactions with type and duration of chemotherapy were assessed (Table 6.3). GMS 

did not interact with duration in either group. GMS interacted with type of chemotherapy in 

lower-risk patients (p=0.005) but not higher-risk patients (p=0.61). For patients receiving 

FOLFOX, GMS stratified DFS in both the lower-risk (GMS 0 vs GMS 2: HR 5.41 95% CI 

1.83-15.98, p=0.001, Figure 6.3C) and higher-risk disease (GMS 0 vs GMS 2: HR 2.61 95% 

CI 1.12-6.12, p=0.03, Figure 6.3D). However, when assessing chemotherapy type within 

TNM III patients with GMS 0, patients benefited from FOLFOX over CAPOX 

chemotherapy in lower-risk (HR 2.94 95% CI 1.02-8.47, p=0.04, Figure 6.3E), but not 

higher-risk disease (HR 1.82 95% CI 0.75-4.47, p=0.18, Figure 6.3F), although this was 

likely due to smaller numbers (n=102). 
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Figure 6.3. GMS, prognosis and response to adjuvant chemotherapy in lower-risk (A-C) and higher-risk (D-F) stage III patients from the TransSCOT 

cohort (n=2356). (A,D) Associations between GMS and DFS in (A) lower-risk (n=1284) and (D) higher-risk (n=1072) stage III patients. (B,E) 

Associations between GMS and DFS in (B) lower-risk (n=374) and (E) higher-risk (n=336) patients receiving FOLFOX adjuvant chemotherapy. (C,F) 

Associations between chemotherapy type and DFS in GMS 0 patients within the (C) lower-risk (n=202) and (F) higher-risk (n=102) stage III groups. 
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6.3 DISCUSSION  

Given the high-risk nature of the GMS 2 phenotype, these tumours may warrant more 

aggressive follow up with an enhanced surveillance programme, in order to detect recurrent 

disease at an earlier stage. In these two cohorts, patients with GMS 2 tumours receiving 

adjuvant chemotherapy had a similarly poor prognosis. Previous work demonstrated that 

GMS 2 tumours do not respond well to conventional chemotherapy(Alexander et al., 2020c, 

Zunder et al., 2019). In the GRI-CTC-TMA cohort, those in the high-risk TNM group with 

GMS 2 who received chemotherapy did not have a superior survival to those not receiving 

chemotherapy, despite higher comorbidity for patients in the latter group. However, other 

novel agents may give more benefit to this subgroup. Zunder et al.(Zunder et al., 2018), 

reporting on the AVANT trial, stated that Bevacizumab, an anti-VEGF monoclonal antibody, 

in combination with FOLFOX-4 or XELOX showed a trend towards improved colon cancer 

survival vs standard chemotherapy alone, but only in the high stromal group (i.e. GMS 2).  

In terms of limitations, the data for the GRI-CRC-TMA was collected outwith the rigorous 

follow up of a clinical trial and therefore, although data was taken from a prospectively 

maintained dataset, it is possible that patients were lost to follow up. Furthermore, the 

specific chemotherapeutic regimen used and full comorbidity data was not available, which 

limits analysis between those who received chemotherapy vs those who did not. Finally, a 

small number of patients received neo-adjuvant therapy for rectal cancer (n=54) and this is 

known to alter the appearance of the tumour microenvironment with the addition of fibrosis 

making assessment of TSP difficult(Hav et al., 2015). However, only 14 of these were 

deemed to have high TSP. Furthermore, GMS was independent of neoadjuvant therapy on 

multivariate analysis for survival. 

The association of GMS with chemotherapy regimen was explored in the TransSCOT cohort.  

GMS survival stratification in the TransScot cohort was similar to that in the JP-AP TMA 

(see section 4.4 and 4.5). GMS 2 patients derived less benefit from adjuvant chemotherapy 
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independent of regimen used or risk stratification. GMS 1 patients did not respond better to 

any particular chemotherapy type but had an intermediate survival outcome. However, for 

GMS 0 subgroup, survival for patients receiving FOLFOX was significantly better than for 

those receiving CAPOX, especially in lower-risk TNM III. This did not appear to reflect 

differences in duration of chemotherapy. 

Whilst further validation is required, the results suggest that those with strong peritumoural 

inflammation have different clinical outcomes depending on which form of 5-FU-based 

chemotherapy is administered. FOLFOX was shown to offer a more favourable outcome in 

the presence of strong peritumoural inflammation (GMS 0). However, in the absence of such 

an infiltrate (both GMS 1 and GMS 2), there was no survival difference.  

Previous studies have reported that colorectal cancer patients receiving chemotherapy have 

better outcomes if they have higher tumour-infiltrating lymphocytes(Cha et al., 2019, 

Shibutani et al., 2018, Alexander et al., 2020b). However, there are no previously published 

studies that have compared the efficacy of FOLFOX vs CAPOX depending on peritumoural 

inflammation. The link between strong KM and type of chemotherapy was demonstrated by 

our group when investigating the 1343 TransScot patients studied for the Phenotypic 

Subtypes study(Roseweir et al., 2020). Since the assessment of Ki67 did not add to this 

differentiation, only the GMS was performed on the full TransScot cohort. There is, 

therefore, paucity of data as to the mechanism underlying this effect and further investigation 

is required. One hypothesis is that the elevated levels of immune cells hamper the final stage 

of capecitabine metabolism, inhibiting its cytotoxic effect and therefore dampening the 

effect of CAPOX. However, as previously stated, patients with strong peritumoural 

inflammation have better outcomes on adjuvant chemotherapy and so this explanation holds 

little weight. Alternatively, the administration of intravenous 5-FU in the FOLFOX regimen 

may result in better bioavailability of the active metabolite, fluoro-deoxyuridine 

monophosphate, than oral Capecitabine and this effect would be more pronounced in the 
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higher immune group. Further still, Folinic Acid (Leucovorin) is administered as part of the 

FOLFOX regimen as it has been found to enhance the anti-tumour effects of 5-FU(Priest et 

al., 1991). Folinic acid is an intravenous folate and is also used to supplement vitamin B9, 

which can protect against bone marrow suppression(Goldman and Matherly, 1987) and this 

may protect FOLFOX patients with strong peritumoural inflammation against the 

immunosuppressive side effects of chemotherapy. However, there are no studies to date 

exploring this phenomenon. 

Pagès et al.(Pagès et al., 2020) recently published results comparing the Immunoscore in the 

French cohort of the IDEA study, finding that those with strong anti-tumour immunity might 

benefit from longer course mFOLFOX6. While the results of the TransScot cohort validate 

the use of FOLFOX over CAPOX in this patient group, there was no association between 

duration of treatment and GMS status. 

A further limitation of the current study is the lack of overall and cancer-specific survival 

data in the TransScot cohort. However, as shown in the JP-AP TMA, the curves were very 

similar for DFS and overall survival and therefore, DFS can be considered a reasonable 

primary endpoint. 

In conclusion, the present study validates the prognostic utility of the Glasgow 

Microenvironment Score. The poor outcome in low-risk disease of GMS 2 indicates that this 

subgroup may not derive benefit from standard adjuvant treatment. However, GMS 2 may 

be considered an additional high-risk feature that warrants consideration for novel therapies. 

Conversely, GMS 0 in high-risk patients highlights a sub-group that may benefit most from 

current therapies. This survival effect was strengthened in patients receiving FOLFOX but 

dampened in patients receiving CAPOX. Therefore, GMS could be a useful tool to aid both 

prognostic and therapeutic decision making in clinical practice alongside TNM-staging. 

GMS should be further assessed in the context of prospective randomised clinical trials.  
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7. Programmed-Cell Death 1 (PDCD1) and Programmed Death Ligand-1 
(CD274) 
Finally, the role of Programmed-Cell Death 1 (PDCD1) and Programmed Death Ligand-1 

(CD274) in CRC has not yet been determined. To this end, the following literature review 

and meta-analysis was performed in order to clarify both the prognostic role of PDCD1 and 

CD274 assessed in different cellular domains on pathological slides and also in the context 

of the predictive role for CD274 with regard to response to chemotherapeutic agents as far 

as clinical trials have reported its use. 

Programmed cell death protein-1 (PDCD1 or PD-1) is a cell surface protein initially 

discovered by Honjo et al. in the 1990s(Freeman et al., 2000). Expression of the PDCD1 

ligand, programmed death ligand-1 (CD274 or PD-L1), on tumour and antigen presenting 

cells can cause down-regulation of the adaptive anti-tumour immune response, but 

monoclonal antibody-mediated inhibition of this interaction facilitates a re-invigorated 

immune response(Iwai et al., 2005). More recently, CD274 expression on antigen-presenting 

immune cells has been shown, by multiplex-fluorescent immunohistochemistry to reduce 

cytotoxic T-cell and tumour cell interaction(Lazarus et al., 2019). 

Although it may be assumed that high CD274 expression is a marker of poorer prognosis in 

patients with CRC, published literature to date has been limited not only by wide variability 

in reported immunohistochemical techniques and scoring methodologies, but also in the 

incongruity of which cell populations within the microenvironment were assessed (i.e. 

tumour or immune). 

The tumour percentage score (TPS), a measure of the proportion of strong-staining CD274 

tumour cells to total tumours cells, has been proposed as a measure of CD274 activity in 

patients with lung cancer. However, in gastro-oesophageal cancer, this was not found to 

accurately identify those who will respond to immune checkpoint inhibitors(Martin and 

Markl, 2019). Therefore, the combined positive score (CPS) was developed, which is 
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calculated by dividing the total cells above the threshold for CD274 positivity (both tumour 

and immune) by the total number of viable tumour cells. This was found to be an effective 

measure of response to anti-PD-1 therapy, particularly when using a higher threshold 

(>10)(Wainberg et al., 2020). 

However, there is currently no standardised method of measuring PDCD1 or CD274 in CRC. 

Furthermore, microsatellite instability (MSI) may play a pivotal role in CRC response to 

immune checkpoint inhibition, with several trials reporting therapeutic benefit to immune 

checkpoint inhibitors in only those with MSI tumours(Le et al., 2015). This therefore 

represents a significant confounder in any published literature that should be taken into 

account in multivariate analysis.  

Despite this, a number of ongoing clinical trials are investigating the potential of anti-PD-1 

therapy in patients with MSS CRC. It is known that high immune MSS cancers also have an 

improved survival(Alexander et al., 2020b). Those who relapse in this group are likely to be 

developing similar immune escape pathways to MSI tumours. Therefore, a CD274 score that 

can correctly identify patients who will respond to anti-PD-1 therapy is required moving 

forward in CRC. 

The aims of this study are two-fold. Firstly, to perform a meta-analysis of the prognostic 

significance of PDCD1/CD274 in patients with CRC and secondly, to review the current 

anti-PD-1 therapy trial results, with particular reference to those assessing response in the 

light of CD274 status. 
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7.1 SPECIFIC METHODS 

A brief description of methods has already been made in the Generic Methods section. Here 

follows a more detailed description of certain aspects of the literature review. 

7.1.1 Search Strategy 

The following search terms were entered into PubMed, Ovid, MEDLINE and EMBASE 

databases: 

• “colorectal cancer” or “colon cancer” or “rectal cancer” (Abstract) AND 

• “prognos$” or “survival” (Abstract) AND 

• “immunohistochemistry” (any field) AND 

• “PD1” or “PD-1” or “PDCD1” or 

“CD279” or “programmed cell 

death” (Abstract) 

OR • “PDL1” or “PD-L1” or “B7-H1” 

or “CD274” (Abstract)” 

The search was limited to English language articles, published after 1997 and human 

studies. Search was performed by PGA and all primary studies were identified via 

abstracts +- review of the main article for data extraction. A search was also made of the 

reference sections of the articles identified to assess if any studies had been overlooked 

in the literature search. Inclusion criteria included: prospective or retrospective design, 

but a well-defined study population; primary cancer resections for colon, rectal or 

colorectal cancer; use of FFPE slides and IHC staining for PDCD1 or CD274; clear 

description in the methods of the specimen, antibodies and counting method employed 

and tumour compartment assessed; description of groups assessed and thresholds 

employed; statistical analysis method; and, for the purposes of meta-analysis, inclusion 

of a proportional hazards model with details of any adjustment methods. Studies utilizing 

only multiplex-fluorescent IHC were excluded. Any contentious articles were discussed 

with DCM or JHP to agree those for inclusion. 
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In addition to the above search, current clinical trials including anti-PD-1 therapy 

(Nivolumab/Pembrolizumab/Spartalizumab/Durvalumab/Atezolizumab/Amp-

224/Avelumab/BAT1306/Tislelizumab/Cetrelimab/Camrelizumab/Toripalimab/Cosibelim

ab/M7824/Sintilimab/Genolizumab/MGA012/BI754091/Zimberelimab/Dostarlimab/XmA

b20717[dual PD-1 and CTLA4 inhibitor]) in colorectal cancer (registered at 

Clinicaltrials.gov or clinicaltrialsregister.eu) were reviewed, along with any published 

results or relevant conference abstracts displaying interim results. 

 

7.1.2 Data Extraction 

Generic data on the year of study and clinicopathological data on the individual patient 

population(s) were extracted. Further important data extracted included type of specimen 

studied, whether tissue microarray (TMA, and size of core, if given) or full resection 

specimen, method of PCDC1/CD274, which immunohistochemical stain was used, MSI 

status of tumours and treatment of this in the statistical analysis, which survival outcome 

was used (cancer-specific, overall, disease-free, etc.) and Hazard ratios/p-values if provided. 

All relevant studies were included in literature review, but only studies that performed 

multivariate analysis with hazard ratios were included in meta-analysis. Figure 7.1 shows 

the flow diagram of studies used in systematic review and meta-analysis. 
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Figure 7.1. Flow diagram indicating reasons for excluding studies from systematic review 

and meta-analysis 
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7.1.3 Statistical analysis 

For all inflammatory assessments, studies were grouped according to tumour location i.e. 

colon, rectal or colorectal. Furthermore, studies were collated according to the specific 

method of survival analysis: disease-free survival (DFS) was defined as the length of time 

between diagnosis and recurrence or spread of disease (“recurrence-free survival” and 

“progression-free survival” were also grouped under this heading); overall survival (OS) was 

defined as the length of time between diagnosis and death from any cause; disease-specific 

survival (DSS) was defined as the length of time between diagnosis and death from CRC-

related cause (“cancer-specific survival” was also included under this heading). Furthermore, 

differentiation was made between PDCD1 or CD274 assessed on tumour cells or assessed 

on inflammatory cells. Studies of small sample size (n<80) were excluded from meta-

analysis due to potential for bias. REVMAN (version 5.3) software was used for meta-

analysis. Funnel plots were used to assess the potential for publication bias, while forest 

plots and I2 values were used to assess inter-study heterogeneity. Multiple studies in the same 

category are presented with a fixed effects summary HR and 95% CI, whereas in the event 

of only a single study being included in a particular category, the HR and 95% CI are given 

for that study. Confidence intervals were considered not significant where they crossed 1.0. 
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7.2 OVERVIEW OF STUDIES 

7.2.1 Search results and exclusions 

The initial literature search (see Figure 7.1) yielded 230 results, which was reduced to 176 

after limiting to English language (n=4), human studies (n=18) and following deduplication 

(n=32). Abstracts were reviewed and a further 120 were excluded as they did not meet 

inclusion criteria. Full texts were obtained for the remaining 56 relevant texts and, after 

careful scrutiny, 20 more were excluded for lack of survival analysis (n=8), non-standard 

IHC (n=5), replicated results/cohort (n=6) or insufficient detail (n=1), leaving 36 studies. 

Finally, for meta-analysis, a further 12 studies had to be excluded for lack of hazard ratios 

(n=6), no multivariate analysis (n=2) and cohort size smaller than 80 subjects (n=4). The 

final 24 studies were included in meta-analysis, with methodologies summarised in 

Appendix 2, Table A2.1. Bias assessment for the included studies is shown in Table 7.1, all 

of which were considered low-risk for bias (the only study considered moderate risk had 

already been excluded for insufficient detail). 
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Table 7.1. Assessment of bias of studies included in meta-analysisa 

First author, year (ref) Centre Population 
well 
defined 
(selection 
bias) 

Method of 
assessment 
specified 
(selection 
bias) 

Threshold 
defined 
(selection 
bias) 

Group 
allocation 
defined 
(observer 
bias) 

Blinding 
(observer 
bias) 

Evaluation 
by >1 
observer 
(observer 
bias) 

Loss to 
follow up 
(attrition 
bias) 

Patient and 
tumour 
characteristics 
(reporting 
bias) 

Follow up 
defined/ 
Specified 
(reporting 
bias) 

Risk 
of 
bias
a 

Bias 
High/
med/ 
low 

Bae 2018 (Bae et al., 
2018) 

DMC, South 
Korea 

1 0 1 1 0 0 1 1 1 6 Low 

Berntsson 2018 
(Berntsson et al., 
2018) 

EPIC Study, 
Sweden 

1 1 1 1 1 1 1 1 1 9 Low 

Calik 2019 (Calik et 
al., 2019) 

FUH, Turkey 1 1 1 1 0 1 1 1 1 8 Low 

Chen 2019 (Chen et 
al., 2019b) 

CMUH, 
Taiwan 

1 1 1 1 1 1 1 1 0 8 Low 

D’Alterio 2016 
(D'Alterio et al., 
2016) 

Napoli, Italy 1 1 1 1 1 1 1 1 1 9 Low 

Droeser 2013 (Droeser 
et al., 2013) 

UoB, 
Switzerland 

1 0 1 1 1 1 1 1 0 7 Low 

Enkhbat 2018 
(Enkhbat et al., 
2018) 

TUH, Japan 1 1 1 1 1 0 1 1 1 8 Low 

Eriksen 2019 (Eriksen 
et al., 2019) 

DCCG, 
Denmark 

1 1 1 1 0 1 1 1 1 8 Low 

Hamada 2017 
(Hamada et al., 
2017) 

NHS+HPFS 
studies, USA 

1 1 1 1 1 1 1 1 1 9 Low 

Hecht 2016 (Hecht et 
al., 2016) 

UHE, 
Germany 

1 0 1 1 1 0 1 1 1 7 Low 
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Ho 2019 (Ho et al., 
2019) 

TVGH, 
Taiwan 

0 1 1 1 1 0 1 1 0 6 Low 

Huang 2018 (Huang et 
al., 2018) 

CMUH, 
Taiwan 

1 1 1 1 1 1 1 1 0 8 Low 

Koganemaru 2017 
(Koganemaru et al., 
2017) 

TH, Japan 1 1 1 1 0 1 1 1 1 8 Low 

Ledys 2018 (Ledys et 
al., 2018) 

CGFL, France 0 1 1 1 0 1 1 1 1 7 Low 

Lee 2016 (Lee et al., 
2016) 

MSK, USA 0 1 1 1 0 0 1 1 1 6 Low 

Lee 2017 (Lee et al., 
2017c) 

SNUBH, 
South Korea 

1 1 1 1 0 1 1 1 0 7 Low 

Lee 2018 (Lee et al., 
2018b) 

KNUCH, 
South Korea 

1 1 1 1 1 1 1 1 1 9 Low 

Lee 2018b (Lee et al., 
2018a) 

SNUBH, 
South Korea 

1 1 1 1 1 1 1 1 1 9 Low 

Li 2016 (Li et al., 
2016) 

FUSCC, 
China 

1 1 1 1 1 1 1 1 1 9 Low 

Liu 2018 (Liu et al., 
2018)  

ZH, China 1 1 1 1 0 0 1 1 0 6 Low 

Miller 2017 (Miller et 
al., 2017) 

SJoGSH,  
W. Australia 

1 1 1 1 1 0 1 1 1 8 Low 

Rosenbaum 2016 
(Rosenbaum et al., 
2016) 

MGH, USA 1 1 1 1 1 1 1 1 0 8 Low 

Saigusa 2016 (Saigusa 
et al., 2016) 

MUH, Japan 1 1 1 1 1 1 1 1 1 9 Low 

Shao 2017 (Shao et al., 
2017) 

FPCH, China 1 1 1 1 1 1 1 1 1 9 Low 
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Shi 2013 (Shi et al., 
2013) 

FAH, China 1 1 1 1 1 1 1 1 1 9 Low 

Wei 2018 (Wei et al., 
2018) 

SYSUCC, 
China 

1 1 1 1 1 0 1 1 1 8 Low 

Wu 2019 (Wu et al., 
2019) 

AHXMU, 
China 

1 1 1 1 1 1 1 1 1 9 Low 

Zhu 2015 (Zhu et al., 
2015) 

TH, China 1 1 1 1 1 1 1 1 1 9 Low 

 aAssessment of bias table score developed from REMARK guidelines23, total out of 9: scores of 0-3 were considered high-risk for bias; scores of 4 or 5, moderate; and 
scores of 6 and above, low-risk. 
b18 MSIH patients crossover, results given for different antibody 
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7.2.2 Study characteristics 

Of the studies included in the meta-analysis, 11 performed assessment on TMAs, 10 on 

whole sections, 1 on pre-treatment biopsies and 2 on a combination of pre-treatment biopsy 

and post-resection TMA. TMA core sizes varied between 0.6mm and 3mm, with only 1 

study not stating size of core. Eighteen studies documented blinding of assessors, whereas 8 

studies did not comment on blinding. Sample size varied between 89 and 1105, with four 

studies having a sample size >500. Median sample size was 190 with an interquartile range 

of 117 to 338. Fifty percent of studies assessed MSI, although 2 of these studies did not 

include MSI in the survival analysis. There were over 25 variables included in the different 

multivariate analyses, of which the most common were age (n=19), sex (n=16), tumour grade 

(n=16), T-stage (n=14), N-stage (n=13), other inflammatory assessment (n=13), 

venous/lymphatic/peri-neural invasion (n=11), tumour site (n=10), TNM (n=9), M-stage 

(n=7) and MSI (n=5). 

There was also a wide variation in assessment methods. Two studies only assessed CD274 

on immune cells, whereas 9 studied CD274 only on tumour tissue. Four studies performed 

a combined assessment of CD274 on tumour tissue and immune cells, whereas 5 assessed 

CD274 on tumour tissue and immune cells separately. Others included assessment of 

PDCD1, with 1 study only assessing PDCD1 on immune cells, another assessing CD274 on 

tumour tissue and PDCD1 on immune cells, another CD274 on tumour tissue, but both 

CD274 and PDCD1 on immune cells and another combined tumour and immune cell CD274 

assessment and separate PDCD1 assessment on immune cells. 

Studies also differed on whether they assessed membranous staining (n=9), cytoplasmic 

staining (n=2), combined membrane and cytoplasmic staining (n=1) or any staining (n=9). 

Finally the threshold used by each study differed, with tumour tissue thresholds of 1% (n=3), 

5% (n=7), 50% (n=2), semiquantitative assessment (n=4), immunoreactivity score or 

weighted histoscore (n=3), or arbitrary threshold, such as median (n=2). Immune cell 
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thresholds were 1% (n=2), 5% (n=5), 10% (n=1), 20% (n=1), >50% (n=1), semiquantitative 

(n=2), immunoreactivity score (n=1) or arbitrary (n=2). 

7.3 SYSTEMATIC REVIEW AND META-ANALYSIS RESULTS FOR 

PDCD1 AND CD274 ASSESSMENT ACCORDING TO METHODOLOGY 

7.3.1 PDCD1 (PD-1) assessment in immune cells 

Immune cell expression of PDCD1 was assessed in 11 studies(Berntsson et al., 2018, 

Droeser et al., 2013, Huang et al., 2018, Kollmann et al., 2017, Lee et al., 2016, Li et al., 

2016, Enkhbat et al., 2018, D'Alterio et al., 2016, Lee et al., 2018b, Shibutani et al., 2017b, 

Wei et al., 2018), comprising a total of 2498 patients. In 6 of these studies (1466 patients) 

PDCD1 immune cell expression was found to have a statistically significant beneficial 

survival impact(Berntsson et al., 2018, Droeser et al., 2013, Huang et al., 2018, Kollmann et 

al., 2017, Lee et al., 2016, Li et al., 2016). One study of 116 patients found immune PDCD1 

expression to have a significant detrimental survival impact(Enkhbat et al., 2018), whereas 

four studies (595 patients) found no impact on survival(D'Alterio et al., 2016, Lee et al., 

2018b, Shibutani et al., 2017b, Wei et al., 2018). 

Six studies assessed for the presence of MSI, of which: two found that MSI was not 

significant for survival(Li et al., 2016, Wei et al., 2018); one study only included MSI 

tumours(Lee et al., 2018b) and they and one other study(Li et al., 2016) found PDCD1 not 

to be significant for survival in MSI patients; another study found that PDCD1 was only 

significant for survival (beneficial) in MSI patients(Lee et al., 2016); two studies found that 

PDCD1 was only significant for survival (beneficial) in MSS patients(Droeser et al., 2013, 

Li et al., 2016); and one study found that survival according to PDCD1 expression was not 

independent of MSI status in multivariate analysis(Berntsson et al., 2018). 

Five studies, with 6 cohorts of patients met inclusion criteria for meta-analysis (Table 7.2, 

Figure 7.2): three assessed DFS (HR 0.50; 95% CI: 0.34-0.73), with no significant 
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heterogeneity; four cohorts were studied assessing OS (HR 0.74; 95% CI: 0.60-0.89), with 

significant heterogeneity; and all-cause survival (HR 0.72; 95% CI: 0.59-0.87) was 

significantly heterogeneous. Funnel plots did not suggest any significant publication bias, 

although numbers of studies were small (Figure 7.2). 
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Table 7.2. Meta-analysis results for survival in colorectal cancer according to PDCD1/CD274 expression on immune and tumour cells 

 Overall effect Heterogeneity  
Colonic 
site 

Survival 
type 

No. of 
studies 

HR 95% CI I2 test 
(%) 

P-value First Author Surname/year 

PDCD1 high immune cells 
R DFS 1 0.22 0.05-0.94 NA  Huang 
CR DFS 2 0.53 0.36-0.78 0 0.65 Wei, Li 16 (FUSCC) 
Any DFS 3 0.50 0.34-0.73 0 0.47 Huang, Wei, Li 16 (FUSCC) 
CR OS 5 0.74 0.60-0.89 74 0.004 Enkhbat, Wei, Li 16 (FUSCC), Li 16 (TCGA), Berntsson 
Any Any 6 0.72 0.59-0.87 72 0.003 Huang, Enkhbat, Wei, Li 16 (FUSCC), Li 16 (TCGA), Berntsson 
CD274 high immune cells 
CR DFS 4 0.43 0.31-0.60 67 0.03 Calik, Koganemaru, Ledys, Lee 18 (Kyungpook) 
CR OS 5 0.50 0.43-0.59 49 0.10 Berntsson, Ho, Lee 17 (Bundang; MSIH), Lee 17 (Bundang; MSS), Lee 18 (Bundang) 
CR Any 9 0.49 0.42-0.57 54 0.03 Calik, Koganemaru, Ledys, Lee 18 (Kyungpook),  Berntsson, Ho, Lee 17 (Bundang; MSIH), Lee 

17 (Bundang; MSS), Lee 18 (Bundang) 
CD274 high tumour cells 
R DFS 1 0.34 0.16-0.72 NA  Chen 
C DFS 1 1.43 0.77-2.66 NA  Eriksen 
CR DFS 5 1.20 0.93-1.57 84 <0.001 Calik, Enkhbat, Koganemaru, Ledys, Li 16 (FUSCC) 
Any DFS 7 1.10 0.87-1.38 84 <0.001 Chen,  Eriksen,  Calik, Enkhbat, Koganemaru, Ledys, Li 16 (FUSCC) 
CR CSS 3 1.85 1.19-2.88 24 0.27 Hamada, Rosenbaum, Saigusa 
R OS 1 0.15 0.05-0.47 NA  Chen 
C OS 1 1.10 0.60-2.02 NA  Eriksen 
CR OS 13 0.87 0.84-0.91 83 <0.001 Berntsson, Droeser, Enkhbat, Hamada, Ho, Ledys, Lee 18 (Bundang), Li 16 (FUSCC), Li 16 

(TCGA), Saigusa, Shi, Wu, Zhu 
Any OS 15 0.87 0.83-0.91 83 <0.001 Chen, Eriksen,  Berntsson, Droeser, Enkhbat, Hamada, Ho, Ledys, Lee 18 (Bundang), Li 16 

(FUSCC), Li 16 (TCGA), Saigusa, Shi, Wu, Zhu 
Any Any 18 0.88 0.84-0.92 84 <0.001 Chen, Eriksen, Calik, Koganemaru,  Berntsson, Droeser, Enkhbat, Hamada, Ho, Ledys, Lee 18 

(Bundang), Li 16 (FUSCC), Li 16 (TCGA), Saigusa, Shi, Wu, Zhu, Rosenbaum 
CD274 high combined tumour and immune cells 
CR DFS 2 0.98 0.71-1.34 94 <0.001 Bae, Wei 
C CSS 1 0.54 0.23-1.28 NA  Miller 
R OS 1 0.34 0.14-0.82 NA  Hecht 
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C OS 1 1.00 0.38-2.66 NA  Miller 
CR OS 2 1.06 0.86-1.30 80 0.002 Bae, Wei 
Any OS/Any 4 1.00 0.82-1.21 80 0.002 Hecht, Miller, Bae, Wei 

Bold studies: MSIH only; Italics studies: stage IV only. 

Abbreviations: R rectal; C colon; CR colorectal 
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Figure 7.2. Forest plots and funnel plots for PDCD1 expression on Immune cells for A) 

DFS, B) OS and C) All survival 
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7.3.2 CD274 (PD-L1) assessment in immune cells 

Immune cell expression of CD274 was assessed in 19 studies(Berntsson et al., 2018, Calik 

et al., 2019, Hecht et al., 2016, Ho et al., 2019, Koganemaru et al., 2017, Kollmann et al., 

2017, Lee et al., 2017c, Lee et al., 2018b, Lee et al., 2018a, Li et al., 2016, Wyss et al., 2019, 

D'Alterio et al., 2016, Liu et al., 2018, Kim et al., 2016, Ledys et al., 2018, Ogura et al., 2018, 

Shao et al., 2017, Yomoda et al., 2019, Zhang et al., 2019), comprising a total of 3729 

patients. One study(Lee et al., 2018a) must be presumed to have an overlap of 18 MSI 

patients with another in the same centre(Lee et al., 2017c). The dates only overlapped for 

the MSI cohort in this study(Lee et al., 2018a). In 11 studies, comprising 2718 patients, 

CD274 immune cell expression was found to have a beneficial survival impact(Berntsson et 

al., 2018, Calik et al., 2019, Hecht et al., 2016, Ho et al., 2019, Koganemaru et al., 2017, 

Kollmann et al., 2017, Lee et al., 2017c, Lee et al., 2018b, Lee et al., 2018a, Li et al., 2016, 

Wyss et al., 2019). Two small studies, comprising 93 patients, found immune cell CD274 

expression to have a detrimental survival impact(D'Alterio et al., 2016, Liu et al., 2018), 

both of which assessed only stage IV disease, whereas of the other two studies assessing 

stage IV disease, one found a beneficial survival impact(Kollmann et al., 2017) and one 

found no survival impact(Ledys et al., 2018). Six studies of 918 patients found no survival 

impact(Kim et al., 2016, Ledys et al., 2018, Ogura et al., 2018, Shao et al., 2017, Yomoda 

et al., 2019, Zhang et al., 2019). 

Eight studies assessed for the presence of MSI, of which: one found that MSI was not 

significant for survival(Lee et al., 2018a); one did not include MSI in survival analysis(Lee 

et al., 2018a); two reported immune CD274 to be independent of MSI(Berntsson et al., 2018, 

Wyss et al., 2019); four presented results for MSI cohorts of which two were significant for 

survival (beneficial),(Lee et al., 2017c, Lee et al., 2018b), whereas two were not 

significant(Kim et al., 2016, Li et al., 2016); two presented MSS cohorts, both of which were 

significant for survival (beneficial),(Li et al., 2016, Lee et al., 2017c). 
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Eight studies, with 9 cohorts met inclusion criteria for meta-analysis (Table 7.2, Figure 7.3): 

four assessed DFS (HR 0.43; 95% CI: 0.31-0.60), with moderate heterogeneity; five cohorts 

were studied assessing OS (HR 0.50; 95% CI: 0.43-0.59), with mild heterogeneity; and all-

cause survival (HR 0.49; 95% CI: 0.42-0.57) was moderately heterogeneous. Funnel plots 

suggested possible publication bias against smaller, non-significant studies (Figure 7.3). 
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Figure 7.3. Forest plots and funnel plots for CD274 (PD-L1) expression on Immune cells 

for A) DFS, B) OS and C) All survival 
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7.3.3 CD274 (PD-L1) assessment in tumour tissue 

Tumour tissue expression of CD274 was assessed in twenty-eight studies(Chen et al., 2019b, 

Droeser et al., 2013, Li et al., 2016, Shi et al., 2013, Calik et al., 2019, Chen et al., 2020, 

Enkhbat et al., 2018, Koganemaru et al., 2017, Lee et al., 2016, Lee et al., 2018a, Saigusa et 

al., 2016, Wu et al., 2019, Zhu et al., 2015, Berntsson et al., 2018, D'Alterio et al., 2016, 

Eriksen et al., 2019, Hamada et al., 2017, Hecht et al., 2016, Ho et al., 2019, Kim et al., 2016, 

Kollmann et al., 2017, Ledys et al., 2018, Lee et al., 2017c, Lee et al., 2018b, Ogura et al., 

2018, Rosenbaum et al., 2016, Shao et al., 2017, Wyss et al., 2019), comprising 7054 patients. 

One study(Lee et al., 2018a) must be presumed to have an overlap of 18 MSI patients with 

another in the same centre(Lee et al., 2017c). The dates only overlapped for the MSI cohort 

in this study(Lee et al., 2018a). In 4 studies, comprising 1636 patients, expression of CD274 

on tumour tissue was found to have a significant (beneficial) impact(Chen et al., 2019b, 

Droeser et al., 2013, Li et al., 2016, Shi et al., 2013). Whereas nine studies, comprising 1461 

patients, found CD274 in tumour tissue to be associated with significant detrimental survival 

impact(Calik et al., 2019, Chen et al., 2020, Enkhbat et al., 2018, Koganemaru et al., 2017, 

Lee et al., 2016, Lee et al., 2018a, Saigusa et al., 2016, Wu et al., 2019, Zhu et al., 2015). 

Fifteen studies (3636 patients) assessing tumour tissue CD274 expression did not find any 

significant survival impact(Berntsson et al., 2018, D'Alterio et al., 2016, Eriksen et al., 2019, 

Hamada et al., 2017, Hecht et al., 2016, Ho et al., 2019, Kim et al., 2016, Kollmann et al., 

2017, Ledys et al., 2018, Lee et al., 2017c, Lee et al., 2018b, Ogura et al., 2018, Rosenbaum 

et al., 2016, Shao et al., 2017, Wyss et al., 2019). 

Fourteen studies assessed for the presence of MSI, of which tumour tissue CD274 was not 

significant for survival in nine(Berntsson et al., 2018, Eriksen et al., 2019, Hamada et al., 

2017, Ho et al., 2019, Kim et al., 2016, Lee et al., 2017c, Lee et al., 2018b, Rosenbaum et 

al., 2016, Wyss et al., 2019), three of these assessing MSI only cohorts(Kim et al., 2016, Lee 

et al., 2017c, Lee et al., 2018b), although MSI was associated with higher expression of 
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CD274(Rosenbaum et al., 2016). Of the other 5 studies, only 2 patients had MSI in one(Chen 

et al., 2019b), two found that CD274 was associated with survival (beneficial) in the MSS 

subgroup(Droeser et al., 2013, Li et al., 2016), one found CD274 had a significant 

association with survival (detrimental) in the MSI subgroup(Lee et al., 2016) and one did 

not include MSI in survival analysis(Lee et al., 2018a). 

Seventeen studies, with eighteen cohorts met inclusion criteria for meta-analysis (Table 7.2, 

Figure 7.4): seven assessed DFS (HR 1.10; 95% CI: 0.87-1.38), with significant 

heterogeneity; three studies assessed CSS (HR 1.85; 95% CI: 1.19-2.88), with no significant 

heterogeneity; 15 cohorts were studied assessing OS (HR 0.87; 95% CI: 0.83-0.91), with 

significant heterogeneity; and all-cause survival (HR 0.88; 95% CI: 0.84-0.92) was 

significantly heterogeneous. Funnel plot analysis did not suggest any publication bias 

(Figure 7.4). 
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Figure 7.4. Forest plots and funnel plots for CD274 (PD-L1) expression on Tumour tissue 

for A) DFS, B) CSS and C) OS and D) All survival 
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7.3.4 CD274 (PD-L1) combined assessment in tumour tissue and immune cells 

Four studies performed combined assessment of CD274 in tumour tissue and immune cells, 

comprising 835 patients(Bae et al., 2018, Hecht et al., 2016, Miller et al., 2017, Wei et al., 

2018). Two studies (542 patients) found a significant beneficial survival impact(Hecht et al., 

2016, Wei et al., 2018), whereas one (175 patients) found a significant detrimental survival 

impact(Bae et al., 2018). One (118 patients) found no impact on survival(Miller et al., 2017). 

Two studies assessed for the presence of MSI, neither of which found MSI to be significant 

for survival(Miller et al., 2017, Wei et al., 2018). 

All four studies met inclusion criteria for meta-analysis (Table 7.2, Figure 7.5) of which: 

two assessed DFS (HR 0.98; 95% CI: 0.71-1.34), with significant heterogeneity; one 

assessed CSS finding no significant survival association; two assessed OS (HR 1.06; 95% 

CI: 0.86-1.30), with significant heterogeneity; and all-cause survival (HR 1.00; 95% CI: 

0.82-1.21) was significantly heterogeneous. Funnel plot analysis did not suggest any 

publication bias, although numbers were small (Figure 7.5). 
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Figure 7.5. Forest plots and funnel plots for CD274 (PD-L1) expression on combined 

assessment of tumour tissue and immune cells for A) DFS, B) CSS and C) OS and D) All 

survival 
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7.3.5 CD274 (PD-L1) and response to anti-PD-1 therapy in CRC 

There have been results published for 11 trials(Brahmer et al., 2012, Eng et al., 2019, Floudas 

et al., 2019, Hellmann et al., 2019, Le et al., 2015, Le et al., 2020, O'Neil et al., 2017, 

Overman et al., 2017, Yamamoto et al., 2017, Yarchoan et al., 2020, Chalabi et al., 2020) of 

anti-PD-1 therapy in CRC, as well as published abstracts with interim results for a further 

20 trials(Andre et al., 2018, Azad et al., 2018, Boland et al., 2018, Callahan et al., 2017, 

Cassier et al., 2019, Chen et al., 2019a, Halama et al., 2019, Hochster et al., 2017, Hubbard 

et al., 2019, Lee et al., 2017b, Monjazeb et al., 2019, Patel et al., 2019, Rutkowski et al., 

2019, Sanborn et al., 2018, Segal et al., 2016, Segal et al., 2019, Shahda et al., 2017, 

Shinozaki et al., 2018, Taylor et al., 2019) (Table 7.3). Of these, only 9 trials reported 

assessment of CD274 expression(Eng et al., 2019, Hellmann et al., 2019, Le et al., 2015, 

O'Neil et al., 2017, Overman et al., 2017, Yamamoto et al., 2017, Yarchoan et al., 2020, 

Sanborn et al., 2018, Chalabi et al., 2020). However, in 5 of these the number of individuals 

assessed for CD274 were either small(Yamamoto et al., 2017, Yarchoan et al., 2020, 

Sanborn et al., 2018), or the authors did not account for CD274 in survival 

analysis(Hellmann et al., 2019, Chalabi et al., 2020).  

Le et al(Le et al., 2015) found CD274 to be expressed only on MSI tumours, which 

responded well to pembrolizumab. O’Neil et al(O'Neil et al., 2017) presented results for 23 

patients, who all met inclusion criteria of tumour CD274 expression ≥1%, in a trial of 

Pembrolizumab in CRC. However, the only patient that responded to immunotherapy was 

an individual who also had MSI(O'Neil et al., 2017). Overman et al(Overman et al., 2017), 

in a cohort of 74 MSI CRC, took account both tumour CD274 status and immune cell CD274 

status in response to Nivolumab monotherapy. They did not find any difference in response 

according to tumour CD274 expression but found that higher immune cell CD274 expression 

with a semiquantitative threshold was associated with better response(Overman et al., 2017). 

Eng et al(Eng et al., 2019), in the only phase III trial of anti-PD-1 therapy in CRC published 
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to date, randomised patients to receive Atezolizumab monotherapy, Atezolizumab + 

Cobimetinib or Regorafenib monotherapy. There were 363 patients overall of which 347 

were confirmed MSS and 6 were confirmed MSI (3 in Atezolizumab arm and 3 in 

Atezolizumab + Cobimetinib arm). The Objective Response Rate (ORR) was 2% for both 

monotherapy arms and 3% for the combined arm. For MSI CRC in this trial, the response 

rate was 50%, with 1 of 3 responding in the Atezolizumab arm and 2 of 3 responding in the 

combined arm. Despite the low response rate in this trial, however, CD274 expression did 

appear to dictate response to therapy somewhat. In the Regorafenib monotherapy arm, low 

CD274 appeared to favour Regorafenib over either of the immunotherapy arms. Conversely, 

there was a non-significant trend towards high CD274 favouring both immunotherapy arms 

over Regorafenib(Eng et al., 2019). 
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Table 7.3. Anti-PD-1 therapy in colorectal cancer trials and the role of immunohistochemistry in predicting response 

Trial (NCT) Phase CRC N 
 

MSI 
N 

MSS N Treatment CD274 
assessed 

Method Thr
esho
ld 

Response 

Published results 
 
Brahmer 2012 
(NCT00729664)  
(Brahmer et 
al., 2012) 

I 18 Unknown Nivolumab monotherapy N   ORR 0% 

Chalabi 2020 
(NCT03026140) 
(Chalabi et 
al., 2020) 

II 60 
planned 

21 20 Neoadjuvant in early colon 
Ca: Nivolumab + 
Ipilimumab +- Cox-2 

Y IHC (Dako, 1:40) unclear 
assessment method 

Uncl MPR in 19 patients with MSI (60% 
pCR); 
MPR in 3 patients with MSS (13% 
pCR). 

Eng 2019  
(NCT02788279) 
IMblaze 370 
(Eng et al., 
2019) 

III 363 6 347 Randomised controlled trial: 
Atezolizumab mono (3 MSI) 
vs Atezolizumab + 
Cobimetinib (3 MSI) vs 
Regorafenib mono 

Y IHC (Ventana, ?dilution) 
expressed on immune 
cells in either primary or 
metastasis 

1% ORR 2%, 3% and 2%, respectively.  
Survival was significantly better with 
Regorafenib in the CD274 low 
patients. High CD274 patients trended 
towards better survival in 
Atezolizumab or combined arms, but 
not significant. 
(ORR 50% for all MSI patients and 
atezolizumab +- Cobimetinib) 

Floudas 2019 
(NCT02298946) 
(Floudas et 
al., 2019) 

I 15 Unkn
own 

4 
known 

Amp-224 (anti-PD-1), 
cyclophosphamide + 
radiotherapy 

N   ORR 0% 

Hellmann 2019 
(NCT01988896) 
(Hellmann et 
al., 2019) 

Ib 84 2 62 (rest 
unknow
n) 

Cobimetinib + atezolizumab Y IHC (Ventana, ?dilution) 
expressed on tumour 
tissue and immune cells 
in primary 

5% ORR 8% (50% for MSI patients and 
10% in known MSS); no split per 
CD274 status given. 
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Le 2015 
(NCT01876511) 
(Le et al., 
2015) 

II 28 10 18 Pembrolizumab 
monotherapy 

Y IHC (?antibody) 
membranous tumour cell 
expression 

Uncl IRORR 40% for MSI and 0% for 
MSS, CD274 only found to be 
expressed in MSI. 

Le 2020 
(NCT02460198)  
KEYNOTE 164 
(Le et al., 
2020) 

II 124 124 0 Pembrolizumab 
monotherapy 

N   ORR 33% 

O’Neil 2017 
(NCT02054806) 
(O'Neil et al., 
2017) 

Ib 23 1 22 Pembrolizumab 
monotherapy 

Y IHC (?antibody) 
membranous tumour 
expression or interface 
between immune 
cells/tumour 

1% ORR 4% (only patient with MSI 
responded), all had TPS of >1% for 
inclusion in trial 

Overman 2017 
(NCT02060188)* 
Checkmate-142 
(Overman et 
al., 2017) 

II 74 (314 
planned) 

74 0 Nivolumab monotherapy [vs 
Nivolumab + (Ipilimumab 
vs Cobimetinib vs anti-
LAG3 vs Daratumumab) vs 
Nivolumab + Ipilimumab + 
Cobimetinib] 
Results only for 
monotherapy arm 

Y IHC (Dako, ?dilution), 
membranous tumour or 
immune cell staining 
(semiquantitative: rare, 
intermediate, numerous) 

1% ORR 31%; when split by CD274 
expression; there were similar ORRs 
for tumour expression, whereas, in 
high immune cell expression, there 
was significantly better ORR (39% vs 
24% vs 21% for numerous, 
intermediate and rare, respectively). 

Yamamoto 2017 
(NCT00441337) 
(Yamamoto et 
al., 2017) 

I 4 (of 39 
solid 
tumours) 

Unknown (3 
rectal, 1 colon) 

Nivolumab monotherapy Y IHC (CD274, 
Medical&Biological 
laboratories Co, Nagoya, 
Japan) staining positive if 
same as positive control, 
no further detail. 

SQ ORR 25% (MSI unclear); 8 of 11 
patients deemed CD274 high, unclear 
tumour type, all partial responders in 
this high group. 

Yarchoan 2020 
(NCT02981524) 
(Yarchoan et 
al., 2020) 

II 17 0 17 GVAX, cyclophosphamide 
and pembrolizumab, single 
arm 

Y IHC (Spring 
Bioscience, ?dilution) 
tumour expression pre-
treatment and subsequent 
biopsies (only 4 tested) 

1% ORR 0%, of 4 patients tested for 
CD274, all were initially low, although 
1 became high on post-treatment 
biopsy, all four tumours displayed 
signs of necrosis on repeat biopsy 
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Poster results 
 
Andre 2018 
(NCT02060188)* 
Checkmate-142 
(Andre et al., 
2018) 

II 119 119 0 Nivolumab monotherapy [vs 
Nivolumab + (Ipilimumab 
vs Cobimetinib vs anti-
LAG3 vs Daratumumab) vs 
Nivolumab + Ipilimumab + 
Cobimetinib] 
Results only for 
Nivolumab + Ipilimumab 
arm 

   ORR 55% 

Azad 2018 
(NCT02437136) 
ENCORE 601 
(Azad et al., 
2018) 

II 16 (of 
202 solid 
tumours) 

0 16 Pembrolizumab + Entinostat 
(HDAC inhibitor) 

   IRORR 6% 

Boland 2018 
(NCT02713373) 
(Boland et al., 
2018) 

Ib/II 9 Unclear Pembrolizumab + 
Cetuximab 

   ORR 0% 

Callahan 2017 
(NCT01975831) 
(Callahan et 
al., 2017) 

I 11 Unclear Durvalumab + 
Tremelimumab 

   ORR 9% 

Cassier 2019 
(NCT02777710) 
(Cassier et al., 
2019) 

I 14 Unclear (at least 
2MSI) 

Durvalumab + Pexidartinib 
(CSF-1R TKI) 
 
 

   ORR 0% 

Chen 2019 
(NCT02870920) 
(Chen et al., 
2019a) 

II 179 0 179 Standard chemo + 
Tremelimumab + 
Durvalumab vs Best 
supportive care 
(randomised) 

   Significantly better OS (median and 
disease control rate were 6.6months 
and 22.7% in experimental arm vs 4.1 
and 6.6% in standard arm, 
respectively), although adverse events 
were higher in experimental arm.  
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Halama 2019 
(NCT03168139) 
(Halama et 
al., 2019) 

Ib/II 11 0 11 Pembrolizumab + Olaptesed 
pegol (CXCL12 inhibitor) 

   ORR 0% 

Hochster 2017 
(NCT01633970) 
(Hochster et 
al., 2017) 

I 10 (of 
240 solid 
tumours) 

10 0 Atezolizumab + 
Bevacizumab arm presented 
(multiple other 
combinations) 

   ORR 30% 

Hubbard 2019 
(NCT03258398) 
(Hubbard et 
al., 2019) 

II 56 0 56 Avelumab + Tomivosertib 
(MNK inhibitor) 

   ORR 2% 

Lee 2017  
(NCT02260440) 
(Lee et al., 
2017b) 

II 31 0 30 Pembrolizumab + 
Azacitidine 

   ORR 3% 

Monjazeb 2019 
(NCT02888743) 
(Monjazeb et 
al., 2019) 

II 18 Unclear Durvalumab + 
Tremelimumab + 
radiotherapy 

   ORR 0% 

Patel 2019 
(NCT02860546) 
(Patel et al., 
2019) 

II 18 0 18 Nivolumab + 
Trifluridine/Tipiracil 

   ORR 0% 

Rutkowski 2019 
(NCT02908906) 
(Rutkowski et 
al., 2019) 

I/II 26 26 0 Cetrelimab monotherapy    ORR 8% 

Sanborn 2018 
(NCT02335918) 
(Sanborn et 
al., 2018) 

I/II 42 (of 
175 solid 
tumours) 

Unclear Nivolumab + Varlilumab 
(anti-CD27) 

Y Unclear  ORR 5% (2 of 41; 1 MSI, 1 MSS, both 
CD274 low) 
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Segal 2016 
(NCT02437071) 
(Segal et al., 
2016) 

II 34 0 26 Pembrolizumab + 
radiotherapy OR 
radiofrequency ablation 

   ORR 9% (1 of 11) in radiotherapy 
arm, none in RFA arm 

Segal 2019 
(NCT01693562) 
(Segal et al., 
2019) 

I 36 (of 
1022 
solid 
tumours) 

36 0 Durvalumab monotherapy    ORR 22% 

Segal 2019 
(NCT02227667) 
(Segal et al., 
2019) 

II 16 11 0 Durvalumab monotherapy    ORR 27% (unclear whether MSI or 
high tumour infiltrating lymphocytes) 

Shahda 2017 
(NCT02375672) 
(Shahda et al., 
2017) 

II 30 3 22 Pembrolizumab + 
mFOLFOX 

   ORR 64% (1 CR) 

Shinozaki 2018 
(NCT02851004) 
(Shinozaki et 
al., 2018) 

Ib/II 94 MSS 0 12 Pembrolizumab + BBI608 
(Napabucasin) 

   ORR 8% (1 of 12) 

Taylor 2019 
(NCT02811497) 
METADUR 
(Taylor et al., 
2019) 

II 14 0 14 Durvalumab + Azacitidine    ORR 0% 

* same trial, results for different arms (sequential assignment) 

Abbreviations: CRC, colorectal cancer; MSI, microsatellite unstable; MSS, microsatellite stable; ORR, objective response rate; MPR, major pathological response; 
pCR, pathological Complete Regression; IRORR, immune-related objective response rate; IHC, immunohistochemistry 
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7.4 DISCUSSION 

It is clear that immune cell expression of PDCD1 or CD274 is, on the whole, associated with 

a beneficial impact on survival. However, when compared with various other immune cell 

assessments that have been validated for their prognostic role(Alexander et al., 2020b), it is 

not clear whether immune cell CD274 holds any additional value as a prognostic marker. 

When considering the expression of CD274 on tumour tissue the data are heterogenous with 

just as many studies/participants demonstrating a detrimental impact on survival as a 

beneficial impact and many studies finding no survival impact. Therefore, as a prognostic 

marker, tumour CD274 assessment appears to be of little value. 

In terms of MSI, there is evidence of higher expression of CD274 in both tumour tissue and 

immune cells compared with MSS tumours(Lee et al., 2016, Le et al., 2015, Eriksen et al., 

2019). In those studies assessing purely MSI patients, tumour CD274 expression was found 

to have either a detrimental survival impact(Lee et al., 2016) or no survival impact(Kim et 

al., 2016, Lee et al., 2017c, Lee et al., 2018b) and immune cell CD274 had either a beneficial 

survival impact(Lee et al., 2017c, Lee et al., 2018b) or no impact(Kim et al., 2016). 

However, while CD274 may not be particularly useful as a prognostic marker, it may have 

a role in determining the efficacy of PD-1 checkpoint inhibitor therapy. 

The first published trial assessing Nivolumab in solid tumours included 18 CRCs, but results 

were disappointing with an ORR of 0% in the CRC subgroup(Brahmer et al., 2012). Neither 

MSI status, nor CD274 expression were considered in this trial. However, there was a turning 

point for immunotherapy in CRC when Pembrolizumab was given to a variety of MSI 

cancers including 10 MSI CRC, as well as 18 MSS CRC, with a 40% Immune-Related ORR 

(IRORR) in the MSI arm, compared with 0% in the MSS arm(Le et al., 2015). This led to 

the American Food and Drug Administration (FDA) licensing Pembrolizumab for MSI CRC. 

Trials studying MSI CRC consistently report ORRs >30% for anti-PD-1 



305 
 

monotherapy(Overman et al., 2017, Le et al., 2020). These results in MSI are even more 

impressive when anti-PD-1 therapy is combined with other checkpoint inhibitors, with 

ORRs >50%(Andre et al., 2018). 

Le et al(Le et al., 2015) also reported in the Pembrolizumab trial that CD274 expression was 

only present in the MSI patients studied, but postulated that MSS tumours expressing high 

levels of CD274 may also respond to anti-PD-1 therapy(Le et al., 2017). Following on from 

this O’Neil et al(O'Neil et al., 2017) presented results for a trial of largely MSS CRC in 

individuals with tumour CD274 expression of >1%. However, the only patient in this trial 

that responded to immunotherapy was an individual who also had MSI. Further trials of 

immunotherapy in MSS CRC have yielded poor results, alone or combined with other 

treatments. 

The challenge, therefore, is to find a disease biomarker for MSS CRC that will identify those 

patients who will respond to anti-PD-1 therapy. The data on CD274 as a marker of disease 

response in CRC is sparse and the heterogeneity in CD274 assessment methodology among 

the published trials precludes any meaningful analysis. 

In upper GI cancers, CD274 assessment as a biomarker of anti-PD-1 therapy response has 

been standardised, with a combined percentage score (CPS) threshold of >1 determining 

response to Pembrolizumab(Kulangara et al., 2019). However, a CPS of >10 has recently 

been described as a better biomarker for response to immunotherapy(Wainberg et al., 2020). 

The CPS method also uses a standardised antibody (22C3 pharmDx IHC assay)(Kulangara 

et al., 2019). One study in CRC compared the reproducibility of CD274 scoring using three 

different antibodies and multiple cut-points for survival(Lee et al., 2018a). There was wide 

variability in the quality of staining and therefore reproducibility of scoring depending on 

which antibody was used: those by Cell Signalling and Dako being the most specific of the 

three antibodies studied. 
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The other crucial question under investigation in multiple trials is whether the efficacy of 

immunotherapy in MSS CRC can be improved in combination with other treatments, such 

as radiotherapy or standard chemotherapy. Encouragingly, the interim results of a trial of 

standard chemotherapy vs standard chemotherapy with the addition of anti-PD-1 and 

CTLA4 inhibitors found response rates to be significantly better in the checkpoint inhibitor 

arm(Chen et al., 2019a). Furthermore, a single arm trial of Pembrolizumab + mFOLFOX 

with 3 MSI and 22 MSS CRC found an ORR of 64% (1 complete responder with 

MSI)(Shahda et al., 2017). Finally, a phase II trial of neo-adjuvant Nivolumab + Ipilimumab 

in early colon cancer found pathological complete response in 60% patients with MSI and 

13% patients with MSS(Chalabi et al., 2020). There are a further 9 phase III trials assessing 

immunotherapy and CRC with no published results yet, in addition to many other phase I 

and II trials. A catalogue of all 223 registered trials to date comparing various different 

combinations of therapies with PD-1 inhibitors was made (Appendix 2.2). 

Of course, it must be recognised that while the expression of PDCD1 and CD274 have been 

discussed largely in isolation in this review, there are many other factors that influence the 

expression of cell surface proteins at a genetic and epigenetic level. These factors include 

environmental stimuli, such as obesity, exercise, systemic inflammation, diet, smoking and 

the microbiome. The integration of cancer immunology and epidemiology research has been 

termed molecular pathology epidemiology (MPE) and has also been utilised alongside 

precision medicine to investigate the influence of environmental factors on treatment 

outcomes(Ogino et al., 2018, Hamada et al., 2019). Future studies should take account of 

environmental factors and their influence on cancer immunology and treatment response. 

In conclusion, while CD274 expression on immune cells is largely associated with better 

survival, there are many other immune cell assessments that have been validated for their 

prognostic role and therefore immune cell CD274 adds little value as a prognostic marker. 

CD274 assessment in tumour tissue would appear to be of little use as a prognostic marker, 
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with significant inter-study heterogeneity and many studies finding no prognostic 

significance. As a marker for response to anti-PD-1 therapy in CRC, the data is sparse. 

CD274 expression analysis needs to be standardised moving forward. One strategy would 

be to adopt the CPS method already in use as a marker of response to immunotherapy in 

upper GI cancer. Once CD274 assessment is standardised, it may be possible to assess 

thresholds in clinical trials to determine if CD274 can select those MSS CRC patients who 

will respond to anti-PD-1 therapy. As in upper GI cancers, a CPS threshold of >10 is more 

likely to be selective for immunotherapy responders. 
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8. CONCLUSIONS 
The TNM staging system is the cornerstone for basing clinical decisions. In terms of 

prognostic benefit, there is no staging or prognostic system that surpasses it. However, as 

has been reiterated many times before now, it stages only the tumour, and as medicine and 

cancer research is beginning to realise, the host’s response to the tumour is just as important 

when selecting personalised treatments for each patient living with a cancer(Park et al., 

2018). 

To this end, there has been a wide-reaching search for additional prognostic biomarkers that 

will aid the personalisation cancer treatments. One such biomarker is the Glasgow 

Microenvironment Score. 

In Chapter 1, an initial meta-analysis of the prognostic role of inflammatory cell assessments 

in colorectal cancer was performed(Alexander et al., 2020b). The results of this were that 

the presence of higher numbers or densities of almost all inflammatory cells, with the 

exception of macrophages (of certain subtypes) and cells expressing FoxP3, were significant 

for better survival outcomes. These findings require further assessment and work is already 

underway regarding macrophage subtypes by other groups(Shibutani et al., 2017a, De Palma 

and Lewis, 2013, Väyrynen et al., 2021). Furthermore, when compared alongside other 

inflammatory markers in colorectal cancer, strong KM grade performed well as a marker of 

good prognosis. It was also seen to compare with other immunohistochemical markers 

directly, both in the research contained herein (Chapter 4) and in research performed in other 

centres(Väyrynen et al., 2013). Therefore, a simple H&E-based score remains relevant as a 

marker of the immune phenotype. 

However, it is not possible to use KM in all circumstances. For example, in pre-treatment 

staging biopsies obtained at colonoscopy, since it is not possible to score the tumour’s 

invasive margin. Therefore, an alternative inflammatory cell stain, such as CD3 as a global 

T-cell marker, might be used in this setting, as described by Park et al(Park et al., 2020). 
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The advantages of KM over other inflammatory scores are its low cost and ready availability, 

given the fact that it can be performed on slides used routinely in histopathology to assess 

the TNM stage. It does not require any additional stains, nor the use of patented software or 

digital pathology, meaning that it is possible to score the GMS in an equitable manner in 

terms of global healthcare(Beaglehole and Bonita, 2010). 

The GMS is by no means the only scoring system in CRC to incorporate both an 

inflammatory cell score and a mesenchymal score. Each of these scoring systems can be 

seen to have merit. 

Hynes et al.(Hynes et al., 2017) published a prognostic score, the “fibroinflammatory score” 

in a dataset of 445 stage II-III colon cancers. They combined not only KM and TSP, but also 

added a further assessment of peritumoural inflammation, namely Crohn’s-like reaction 

(CLR). Hynes et al.(Hynes et al., 2017) combined the “mild” and “none” CLR categories, 

comparing these with “intense” (see Chapter 1, section 1.5.3.2 for more background on CLR). 

The “fibroinflammatory” score assigned 1 point for weak KM, low CLR, or high stroma, 

giving a total possible score of 3 and a low score of 0. The fibroinflammatory score, like 

GMS, can be performed on standard H&E slides. The addition of a separate inflammatory 

score is not considered unreasonable given the literature concerning the positive impact of 

CLR on survival, but it is unclear why the two inflammatory scores were considered 

separately, while being given equal weighting. Furthermore, the score was only found to be 

significant for cancer-specific survival in patients with MSI high colon cancer and not in 

non-MSI tumours, which limits its relevance. 

Li et al.(Li et al., 2018a) also proposed a combined inflammatory mesenchymal score. For 

inflammatory assessment, they used an IHC stain for macrophages (CD68) and for their 

mesenchymal assessment, they used the phenotypic feature of tumour budding.  Tumour 

budding was associated with poor prognosis and strong local inflammatory response with 

good prognosis. Furthermore, they found that the presence of budding in the context of a 
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strong inflammatory infiltrate did not impact negatively on survival. This latter finding was 

similarly found when creating the GMS, since those with strong KM and high TSP did not 

have a statistically different cancer-specific survival than those with strong KM and low 

TSP(Park et al., 2015). However, since this score requires IHC staining to identify 

inflammatory cells, whereas the GMS uses only standard H&E-staining to achieve similar 

scores, the GMS was felt to have a slight advantage. In addition, the use of macrophages as 

markers of inflammatory infiltrate is not considered optimal, given the lack of consistency 

across multiple studies on meta-analysis(Alexander et al., 2020b) and the negative impact of 

the M2 phenotype. 

One group has utilised an image-based neural network assessment in conjunction with deep-

learning to generate the image-based Consensus Molecular Subtypes or (imCMS) comparing 

their machine learning with multi-omics data from three independent 

datasets(Sirinukunwattana et al., 2019). The imCMS had an impressive correspondence to 

omics characterisation of CMS with an AUC of 0.84 and 0.85 in the validation datasets. The 

advantage that GMS presently has over this technology is that it is readily available world-

wide and requires no digital pathology or computer software. However, the use of digital 

pathology may indeed benefit the scoring of the GMS in the future, standardising this 

technique. Furthermore, studies comparing imCMS and GMS, in terms of correspondence 

with survival may be beneficial. As artificial intelligence is likely to become a larger part of 

histopathological scoring in the future(Cifci et al., 2022), this represents a further area of 

development for the GMS. 

Genetic screening is extremely expensive and at the present time is not an economical means 

of guiding treatment(Cifci et al., 2022). Furthermore, there is insufficient knowledge 

regarding the broad range of mutations, apart from a select few that have well researched 

therapeutic targets, such as KRAS, BRAF and MSI and these are the main mutations 

discussed at MDT on a regular basis in current clinical practice in the United Kingdom. 
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Having said this, the benefits of genetic testing versus a phenotypic approach need to be 

assessed and an assessment of genetic mutations in each of the GMS phenotypes represents 

one of the future directions of the present research. Indeed recent research has suggested that 

a phenotypic assessment may guide which genetic mutations may be present in order to 

enable more targeted and economical mutational assessment(Cifci et al., 2022). Therefore, 

assessing genetic mutations associated with each GMS phenotype may further advance this 

field. 

 

In Chapter 3, the relationship between GMS and EMT was assessed. GMS 0 was found to 

be associated with lower membrane Fascin expression, in addition to lower membrane and 

nuclear expression of B-catenin, whilst GMS 1  tumours were observed to have the 

highest membrane and cytoplasmic Fascin.  

Since these are novel findings and no other studies to date have assessed peritumoural 

inflammation in the context of EMT, the nature of these findings is unclear, although it is 

hoped that with mutational data, it may be possible to explain these findings. It may be that, 

whilst not directly linked, the strong peritumoural inflammation is protective in GMS 0 

tumours in spite of loss of membrane B-catenin. 

In GMS 2, there were greater numbers of tumours expressing high nuclear B-catenin, in 

keeping with a mesenchymal phenotype. However, on the whole, there were fewer 

associations between EMT markers and GMS 2 than originally hypothesised. This 

hypothesis was based on the premise that higher TSP reflects EMT in the tumour. However, 

high TSP may in fact reflect the ability of the tumour to recruit the hosts local fibroblasts 

and transform these by a variety of chemokines to enable the negative pathological features 

associated with high TSP, such as neoangiogenesis(Conti and Thomas, 2011, McCorry et 

al., 2018). 
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These associations between EMT and different GMS categories have not previously been 

demonstrated and therefore warrant further investigation in independent cohorts. Genetic 

assessment of each GMS category may shed further light on these associations with markers 

of EMT. 

 

The GMS was subsequently validated in a number of independent cohorts in Chapter 4. 

These cohorts found, universally, that GMS 0 had a more favourable prognosis compared 

with GMS 1 or 2. Analysis was performed in a variety of ways. For example, given the 

anecdotal difficulties with measuring TSP in rectal cancers post neoadjuvant 

chemoradiotherapy (which may induce a fibrotic reaction in the tissues and may make 

distinction of TSP more difficult(Hav et al., 2015)), colon cancers were selected out for 

assessment in the AP TMA cohort. In this analysis, however, those with GMS 1 had a 

particularly poor outcome. It was unclear whether this was due to the exclusion of the rectal 

cancers or whether it reflected other differences between the original GRI patients and the 

patients in this retrospectively collated dataset. Therefore, the same analysis in colon cancers 

alone was performed in a further independent group of prospectively collected GRI patients 

(the GRI-CRC-TMA cohort). This analysis showed that GMS was able to stratify survival 

into three distinct bands as in the original study. Further interrogation of the AP TMA cohort 

revealed a significantly higher proportion of emergency presentations, particularly in the 

GMS 1 group, which may account for the reversal of GMS 1 and GMS 2 in certain subgroup 

analyses for the AP TMA. 

Validation in colon and rectal cancers in the combined JP-AP TMA cohort, whilst not a true 

validation given the inclusion of some of the cases from the original study, revealed the same 

stratification as the original study. However, of more value in this cohort was the ability to 

assess survival analysis in subcategories, given the increase in overall tumour numbers. This 

subgroup analysis showed that GMS was able to stratify CSS in low-risk and high-risk TNM 
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stage, and also in both rectal and colon cancers. In overall survival, GMS was able to stratify 

the whole cohort, but was only able to stratify high-risk TNM and colon cancer subgroups. 

The final validation cohort (TransScot) assessed survival using Disease-free Survival, a 

measure akin to overall survival, but also including any evidence of disease recurrence. GMS 

was able to stratify survival in this cohort of TNM III cancers as a whole. Similar to the 

findings with overall survival in the combined JP-AP TMA, GMS also clearly stratified both 

higher-risk TNM III and colon cancers. However, there was still a significant difference 

GMS 0 vs GMS 2 in lower-risk TNM. 

 

In Chapter 5, recurrence risk and pattern was assessed according to GMS. GMS was able to 

stratify risk of recurrence at any location in colorectal cancer as a whole and this was 

independent on multivariate analysis for rectal cancers, but not for colon cancers. The 

numbers of local recurrences were smaller, particularly in the rectal cancer subgroup and 

GMS did not reach univariate significance in this subgroup. However, in the colon cancer 

subgroup, GMS was significant on univariate analysis, although not independent of T-Stage 

or N-stage on multivariate analysis. 

GMS 0 cancers had the lowest recurrence rate, although the recurrence rate was not zero and 

whilst strong peritumoural inflammatory response is considered protective, there are clearly 

other factors at play in this group. Of note, the type of immune cells is not accounted for by 

this specific scoring system. Others have shown that polarisation of macrophages to M2 

macrophages may be a poor prognostic sign(Väyrynen et al., 2021). It has been previously 

shown that colorectal cancer recurrences in the immune subgroup may have a worse 

prognosis than in other subgroups(Testa et al., 2020). These, therefore, represent areas 

requiring further investigation and the combination of genetic profile and GMS is one of the 

planned future directions of study. 
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GMS 2 cancers had the highest rates both of local and distant disease recurrence. Previous 

work suggests that this mesenchymal phenotype, characterised by high TSP and 

accompanied by a poor immune response, denotes a mesenchymal subtype with poor 

prognosis and higher recurrence risk. There are several confounding factors in this group, 

since high TSP tumours are known to be associated with more advanced T-stage, N-stage 

and venous invasion, a finding also demonstrated in other studies. Whilst not independent 

of T-stage and N-stage for local disease recurrence, GMS was an independent prognostic 

marker when comparing overall risk of recurrence at any location. The lack of independence 

of GMS for local recurrence may be partly due to the lower numbers of local recurrences. 

Given the high-risk nature of the GMS 2 phenotype, these tumours warrant more aggressive 

follow up with an enhanced surveillance programme, in order to detect recurrent disease at 

an earlier stage. 

 

In Chapter 6, GMS and associations with chemotherapy were assessed. This was firstly 

performed on the prospectively collected data for the GRI-CRC-TMA. Analysis was limited 

in this cohort since the type and duration of chemotherapy were unknown. In spite of the 

limitations identified, there were some interesting findings in this cohort. Patients receiving 

conventional chemotherapy with a GMS 2 phenotype did not have a significantly better 

survival than those who did not receive any chemotherapy, in spite of evidence of greater 

comorbidities in the latter subgroup. 

A more comprehensive assessment of the associations between GMS and standard 

chemotherapy type and duration was subsequently performed using the TransScot data. The 

only category in which GMS was able to distinguish between CAPOX and FOLFOX was 

GMS 0. This immune high phenotype appeared to benefit from FOLFOX over CAPOX. 

Similarly, patients in the French arm of the IDEA trial with higher immune infiltrates were 
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identified as benefiting from longer duration of FOLFOX(Pagès et al., 2020), although in 

the current research, duration did not seem to vary with GMS category. 

The research contained herein, whilst not conclusive, lends further weight to the evidence 

that GMS 2 tumours do not respond well to conventional adjuvant chemotherapy regimens. 

Further research is ongoing regarding different subtypes of cancer associated fibroblasts and 

the challenges to chemoresistance these pose(Menezes et al., 2022). In addition, further 

clinical trials are ongoing regarding high stromal tumours and alternative therapies that may 

target these tumours. 

Certain mutations in colorectal cancer are known to convey better response to neo-adjuvant 

and adjuvant treatments and can offer targeted therapies, such as immunotherapies in 

recurrent MSI high colorectal cancer. Regorafenib (a multikinase inhibitor) and 

Bevacizumab (a VEGF antagonist) have both shown some promise in high stromal tumours, 

believed to play a role in inhibiting neoangiogenesis (Grothey et al., 2019, Zunder et al., 

2019, Fridman et al., 2020). 

However, the optimal means to select which colorectal cancers might respond better to 

specific measures is far from being conclusively established. Clinical trials in this field are 

ongoing(McGregor and Price, 2019). 

 

In Chapter 7, the evidence surrounding PDL1 (CD274) assessment in CRC was explored in 

a final meta-analysis. The evidence for PDL1 as a marker of response to immunotherapy in 

colorectal cancers is relatively poor at present. As a marker of prognosis, it depends in which 

tumour microenvironmental locus the molecule is measured. Whilst the presence of the 

protein on the surface of lymphocytes is associated with a good prognosis, this is likely to 

be a simple factor of the presence of increased density of immune cells. However, the 
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evidence for PDL1 as measured in tumour cells was equivocal in terms of prognostic 

relevance.  

Further research is required in this area regarding PDL1 as a marker of disease response to 

immunotherapies in colorectal cancer. In addition, PDL1 assessment with regard to 

multiplex immunohistochemical assessment of the CRC tumour microenvironment may 

give additional information with regard to the spatial association of inflammatory cells to 

tumour cells and understanding this molecule and its role in immune escape(Lazarus et al., 

2018). 

 

In summary, the present thesis suggests that the Glasgow Microenvironment Score, based 

on pathological assessment of both immune and mesenchymal phenotypes, represents both 

a validated prognostic tool and also an effective means of detecting tumours with a 

propensity to recur. In addition, the use of this simple score may, with further clinical trial 

data, be able to identify specific classes of chemotherapy in order to target the specific 

tumour phenotypes assessed. 

GMS 2 itself represents a poor prognostic feature, even in early-stage disease, with a higher 

risk of both local and systemic recurrence and therefore should be considered an additional 

high-risk feature warranting consideration for further adjuvant chemotherapy. GMS 2 

tumours also warrant more aggressive follow up strategies to detect recurrences early. 

Some interesting novel associations between EMT markers and the GMS were identified 

that warrant further exploration in independent cohorts and comparison with mutational data. 

Further work exploring the genetic mechanisms underlying the different GMS phenotypes 

to consolidate these and, in addition, to validate their associations with the consensus 

molecular subtypes would further enhance the relevance of the GMS moving forwards. The 
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role of artificial intelligence may further consolidate the GMS and mutational differences 

between GMS subtypes represents an ongoing area of research. 
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APPENDICES 
Appendix 1. Tables representing data mined from papers in systematic review and meta-analysis of inflammatory cells and prognosis 

in colorectal cancer (Chapter 1). 

Table A1.1. Characteristics of studies assessing KM grade/Jass in rectal, colon and colorectal cancer 

Rectal cancer             
Study TMA 

or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshold Tumou
r region 

Groups 
(overall or 
high to 
low) 

Signifi
cant 

UV 
or 
M
V 

M
M
R 

Median 
follow 
up How 

many 
cores? 

Size Choic
e of 
core 

Disease-free survival              
Szynglarewicz 
et al 2007 

Whole     II – III Jass Semiquanti
tative 

IM 13 vs 32 Y UV
a 

NA Unclear, 
5-years 
quoted 

Colon cancer             
Overall survival              
Hynes et al 
2017 

Whole     II – III KM 1-2 vs 3-4 IM 392 vs 53 Y MV 99 
of 
408 

5.5 
years 

Disease-specific survival              
Hynes et al 
2017 

Whole     II – III KM 1-2 vs 3-4 IM 392 vs 53 Y MV 99 
of 
408 

5.5 
years 

Colorectal 
cancer 

            

Disease-free survival 
Coca et al 
1997 

Whole     I – III Jass Semiquanti
tative 

IM 62 vs 84 vs 
11 

Y MV NA Unclear
, 5-
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years 
quoted 

Nagtegaal et al 
2001 

Whole     II – IV 
(160: 40 
Stage II, 40 
stage III, 80 
stage IV) 

Jass Semiquanti
tative 

IE+ST 1415 
overall 
(2 groups) 

Y UV
b 

NA 19.6 
months 

Menon et al 
2004 

Whole     II – III Jass Semiquanti
tative 

IE+ST+
IM 

15 vs 43 vs 
35 

NS  6 of 
90 

6.1 
years 

Klintrup et al 
2005 

Whole     I – II Semiquan
titative 

0-2 vs 3-4 IE+ST 62 vs 167 NS  11 
of 
99 

41 
months IM 128 vs 100 Unclea

rc 
 

Huh et al 2012 Whole     I – IV KM 0-2 vs 3-4 IM 442 vs 104 NS  NA 54 
months 

Jakubowska et 
al 2017 

Whole     I – IV KM 0-2 vs 3-4 IM 73 vs 86 Y UV
d 

NA 24-30 
months 

Shibutani et al 
2018 

Whole     IV Manual >50% 
“TILS” 

IM 30 vs 27 NS  NA Unclear 

Climent et al 
2019 

Whole     I – III (MSI 
High) 

KM 0-2 vs 3-4 IM 146 vs 27 Y UV 173 
of 
173 

Unclear
, 60-
months 
quoted 

Overall survival 
Coca et al 
1997 

Whole     I – III Jass Semiquanti
tative 

IM 62 vs 84 vs 
11 

Y MV NA Unclear, 
5-years 
quoted 

Nagtegaal et al 
2001 

Whole     II – IV 
(160: 40 
Stage II, 40 
stage III, 80 
stage IV) 

Jass Semiquanti
tative 

IE+ST 1415 
overall 
(2 groups) 

Y UV
e 

NA 19.6 
months 
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Cianchi et al 
2002 

Whole     I – II Jass Semiquanti
tative 

IM 16 vs 68 NS  NA 67 

Klintrup et al 
2005 

Whole     I – II Semiquan
titative 

0-1 vs 3-4 IE+ST 62 vs 167 NS  11 
of 
99 

41 
months IM 128 vs 100 Y MV 

Gao et al 2005 Whole     I – IV Jass Semiquanti
tative 

IE+ST 39 vs 262 Unclea
r 

 25 
of 
177 

Unclear 

IM 64 vs 237 Y MV 
Ogino et al 
2009 

Whole     I – IV Jass Semiquanti
tative 

IM 93 vs 707 
vs 43 

Y MV 124 
of 
826 

Unclear, 
10-years 
display 

Kasajima et al 
2010 

Whole     Stage I-IV 
CRC 

Unclear Semiquanti
tative 

Unclear 103 vs 181 NS  NA 38.4 
months 

Bae et al 2011 
(2 cohorts) 

Whole     I – IV 
(MSIH) 

Jass Semiquanti
tative 

IM 145 vs 24 NS  All 
169 

38/ 53 
months 

Huh et al 2012 Whole     I – IV KM 0-2 vs 3-4 IM 442 vs 104 Y MV NA 54 
months 

Shibutani et al 
2018 

Whole     IV Manual >50% TILS IM 30 vs 27 Y MV NA Unclear 

Xie et al 2018 Whole     IV Jass Semiquanti
tative 

IE+ST+
IM 

197 vs 105 Y MV 14 
of 
302 

27.7 
months 

Climent et al 
2019 

Whole     I – III (MSI 
High) 

KM 1-2 vs 3-4 IM 146 vs 27 Y UV 173 
of 
173 

Unclear, 
60-
months 
quoted 

Disease-specific survival 
Chiba et al 
2004 

Whole     I – IV Manual Semiquanti
tative (split: 
prominent 
vs 
mod/low) 

IM 60 vs 311 Y M
V 

36 
of 
366 

7.7years 
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Ogino et al 
2009 

Whole     I – IV Manual Semiquanti
tative 

IM 62 vs 168 
vs 613 

Y UV
f 

124 
of 
826 

Unclear, 
10-years 
display 

Park et al 2014 Whole     I – IV KM 0-1 vs 3-4 IM 103 vs 204 Y M
V 

NA Unclear, 
5-years 
quoted 

Väyrynen et al 
2014 

Whole     I – IV KM Semiquanti
tative 

IM 329 overall 
(2 groups) 

Y M
V 

36 
of 
398 

Unclear, 
60-
months 
quoted 

anil significant on MV   bnot independent of mast cells/eosinophils  cno data given for RFS  dfor MV, CI crosses 1.0   enot independent of mast 
cells/eosinophils  fnot independent of KRAS/BRAF/p53/LINE-1/MSI/CIMP 
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Table A1.2. Characteristics of studies assessing CLR/plasma cells in colon and colorectal cancer 

Colon cancer             

Study TMA 
or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumou
r region 

Groups 
(overall or 
high to 
low) 

Signi
fican
t 

UV 
or 

MV 

MM
R 

Median 
follow 
up How 

many 
cores? 

Size Choic
e of 
core 

Overall survival             
Hynes et al 
2017 

Whole     II – III Graham-
Appelman 

0    vs 1-2 IM 292 vs 153 Y MV 99 of 
408 

5.5 
years 

Disease-specific survival             
Harrison et al 
1995 

Whole     I – III 
(Right 
sided) 

Graham-
Appelman 

0-1 vs 2 IM 96 vs 248 Y MV NA Unclear, 
5-years 
quoted 

Hynes et al 
2017 

Whole     II – III Graham-
Appelman 

0    vs 1-2 IM 292 vs 153 Y MV 99 of 
408 

5.5 
years 

Colorectal cancer            

Disease-free survival             
Buckowitz et al 
2005 

Whole     I – IV Graham-
Appelman 

0-1 vs 2 IM 42 vs 76 NS  47 of 
120 

33 
months 

Klintrup et al 
2005 

Whole     I – IV Graham-
Appelman 

0     vs 1-
2 

IM 40 vs 138 NS  11 of 
99 

41 
months 

Kim et al 2015 Whole     I – IV 
(MSI 
High) 

Graham-
Appelman 

0-1 vs 2 IM 48 vs 164 NS  212 
of 
212 

4.96 
years 

Ueno 
criteria 

>1mm 
size 

86 vs 126 Y MV 

Väyrynen 
criteria 

>3.8/mm 
density 

138 vs 74 Y MV 

Ueno et al 2015 Whole     I – IV Ueno 
criteria 

>1mm 
size 

IM 695 vs 185 Y MV NA 68 
months 297 vs 177 Y MV 
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Lee et al 2016 Whole     I – IV No. of 
lymphoid 
aggregates 
with >5 as 
severe 

Semiquan
titative 

IE+ST 1 vs 160 vs 
230 

Y UVa 68 of 
389 

55 
months 

Overall survival             
Nielsen et al 
1999 

Whole     I – IV Electronic 
(GRID, 
Olympus) 

Quartiles IE+ST 174 vs 143 
vs 126 vs 
145 

Y UV  61 
months 

Buckowitz et al 
2005 

Whole     I – IV Graham-
Appelman 

0-1  vs 2 IM 42 vs 76 Y UV 47 of 
120 

33 
months 

Klintrup et al 
2005 

Whole     I – IV Graham-
Appelman 

0     vs 1-
2 

IM 40 vs 138 NS  11 of 
99 

41 
months 

Ogino et al 2009 Whole     I – IV Semiquanti
tative 

Semiquan
titative 

IM 62 vs 168 
vs 613 

Y MV 124 
of 
826 

Unclear, 
10-years 
display 

Bae et al 2011 
(2 cohorts) 

Whole     I – IV 
(MSIH) 

Graham-
Appelman 

0     vs 1-
2 

IM 144 vs 25 Y MV All 
169 

38 or 53 
months 

Rozek et al 
2016 

Whole     I – IV Graham-
Appelman 

0-1  vs 2 IM 784 vs 879 Y MV 318 
of 
2149 

Unclear,
10-years 
display 

Disease-specific survival             
Ogino et al 2009 Whole     I – IV Graham-

Appelman 
0 vs 1 vs 
2 

IM 62 vs 168 
vs 613 

Y UVd 124 
of 
826 

Unclear, 
10-years 
display 

Richards et al 
2012 

Whole     I – III Manual Median IM 65 vs 65 Y UVe NA 105 
months 

Ueno et al 2013 
(training) 

Whole     I – IV Ueno 
criteria 

>1mm 
size 

IM 210 vs 822 Y MV 17 of 
225 

Unclear, 
5-years 
quoted 

Ueno et al 2013 
(validation) 

Whole     I – IV Ueno 
criteria 

>1mm 
size 

IM 186 vs 314 Y MV NA 68 
months 
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Väyrynen et al 
2014 

Whole     I – IV Väyrynen 
criteria 

Roc curve 
(>0.38/m
m 
density) 

IM 329 overall 
(2 groups) 

Y MV 36 of 
398 

Unclear, 
60-
months 
quoted 

Rozek et al 
2016 

Whole     I – IV Graham-
Appelman 

0-1  vs 2 IM 784 vs 879 Y MV 318 
of 
2149 

Unclear,
10-years 
display 

 ano MV for whole cohort shown  bnot independent of N-stage/M-stage/age (also numbers small in positive group)  cno MV given  
 dnot independent of KRAS/BRAF/p53/LINE-1/MSI/CIMP   enot independent of KM grade 
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Table A1.3. Characteristics of studies assessing TILs on H&E in colon and colorectal cancer 

Colon cancer             

Study TMA or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumou
r region 

Groups 
(overall or 
high to 
low) 

Signi
fican
t 

UV 
or 

MV 

MM
R 

Median 
follow up 

How 
many 
cores? 

Size Choic
e of 
core 

Disease-free survival             
Turner et al 
2016 

Whole     II Manual Semiquan
titative 

IE 167 vs 229 Y UVa 25 of 
196 

5.1 years 

Overall survival              
Turner et al 
2016 

Whole     II Manual Semiquan
titative 

IE 167 vs 229 Y MV 25 of 
196 

5.1 years 

Colorectal cancer           

Disease-free survival              
Ropponen et 
al 1997 

Whole     I – IV Manual Semiquan
titative 

ST+IM 26 vs 54 vs 
106 vs 9 

Y MV NA 14 years 

Lee et al 
2016 

Whole     I – IV Manual Semiquan
titative 

IE+ST 35 vs 109 
vs 175 vs 
74 

Y UVb 68 of 
389 

55 
months 

Jakubowska 
et al 2017 

Whole     I – IV Manual <20%> ST 75 vs 85 NS  NA 24-30 
months Present/ 

absent 
IE 124 vs 36 NS 

Iseki et al 
2018 

Whole     II – III Electronic 
(Micro-
analyzer, 
JPDC) 

Roc curve ST 42 vs 118 Y MV 9 of 
156 

63.5 

Climent et al 
2019 

Whole     I – III 
(MSI 
High) 

Unclear Unclear IE+ST 128 vs 37 NS  173 
of 
173 

Unclear, 
60 
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months 
quoted 

Overall survival              
Nielsen et al 
1999 

Whole     I – IV Electronic 
(GRID, 
Olympus) 

Quartiles IE+ST 163 vs 160 
vs 135 vs 
130 

Y UV  61 
months 

Klintrup et al 
2005 

Whole     I – II  Manual Semiquan
titative 

IE+ST 76 vs 152 Y UVc 11 of 
99 

41 
months IM 128 vs 99 Y UVc 

Ogino et al 
2009 

Whole     I – IV Manual Semiquan
titative 

IE 96 vs 123 
vs 624 

NS  124 
of 
826 

Unclear, 
10-years 
display ST 97 vs 709 

vs 37 
Y MV 

Rozek et al 
2016 

Whole     I – IV Manual >2TILs/ 
HPF 

IE 621 vs 
1647 

Y MV 318 
of 
2149 

Unclear,1
0-years 
display 

Iseki et al 
2018 

Whole     II – III Electronic 
(Micro-
analyzer, 
JPDC) 

Roc curve ST 42 vs 118 Y MV 9 of 
156 

63.5 

Lang-
schwartz et 
al 2018 

Whole     I – IV Manual Median IE+ST 230 vs 271 Y UVc NA 42 
months 

Climent et al 
2019 

Whole     I – III 
(MSI 
High) 

Unclear Unclear IE+ST 128 vs 37 NS  173 
of 
173 

Unclear, 
60-
months 
quoted 

Disease-specific survival             
Ropponen et 
al 1997 

Whole     I – IV Manual Semiquan
titative 

ST+IM 26 vs 54 vs 
106 vs 9 

Y MV NA 14 years 

Ogino et al 
2009 

Whole     I – IV Manual Semiquan
titative 

IE 96 vs 123 
vs 624 

NS  
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ST 97 vs 709 
vs 37 

Y MV 124 
of 
826 

Unclear, 
10-years 
display 

Richards et 
al 2012 

Whole     I – III Manual Median IE 65 vs 65 Y UVd NA 105 
months 

Rozek et al 
2016 

Whole     I – IV Manual >2TILs/ 
HPF 

IE 621 vs 
1647 

Y MV 318 
of 
2149 

Unclear,1
0-years 
display 

anot independent of NLR/T4/LVI   bnot independent of TNM/PD1 expression   cno MV given   dnot independent of KM grade 

  



328 
 

Table A1.4. Characteristics of studies assessing Combined H&E inflammatory infiltrate in colorectal cancer 

Study TMA 
or 
Whole 
section 

If TMA … Cohort 
assessed 
(stage) 

Measurement Threshol
d 

Tumour 
region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 

MV 

MM
R 

Median 
follow up 

How 
many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Overall survival            
Ogino et al 
2009 

Whole    I – IV CLR/KM/stromal 
and intraepithelial 
TILs 

Arbitrary IE+ST+I
M 

64 vs 230 
vs 549 

Y MV 124 
of 
826 

Unclear, 
10-years 
display 

Wallace et 
al 2018 
(Caucasian 
American 
cohort) 

Whole    I – IV As per Ogino et al 
2009 

Arbitrary IE+ST+I
M 

159 
overall (4 
groups) 

NS  22 of 
139 

Unclear, 
no 
indication 

Wallace et 
al 2018 
(Afro-
American 
cohort) 

Whole    I – IV As per Ogino et al 
2009 

Arbitrary IE+ST+I
M 

52 overall 
(4 groups) 

Y MVa 3 of 
50 

Unclear, 
no 
indication 

Disease-specific survival            
Ogino et al 
2009 

Whole    I – IV CLR/KM/stromal 
and intraepithelial 
TILs 

Arbitrary IE+ST+I
M 

64 vs 230 
vs 549 

Y MV 124 
of 
826 

Unclear, 
10-years 
display 

aindependent of MSI 
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Table A1.5. Characteristics of studies assessing CD3 in rectal, colon and colorectal cancer 

Rectal cancer             

Study TMA 
or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumour 
region 

Groups 
(overall or 
high to 
low) 

Signifi
cant 

UV 
or 

MV 

MM
R 

Median 
follow 
up How 

many 
cores? 

Size Choice 
of core 

Disease-free survival            
Teng et al 
2015 

Biopsy    ZM-
0508, 
Beijing 
ZGBBC 

II – III Manual Mean ST 75 vs 61 Y UVa NA 57 
months 

McCoy et 
al 2017 

Biopsy    Dako II – IV Electronic 
(Strata-
quest V5) 

Median IE+ST 46 vs 47 NS  NA 78 
months 

Overall survival             
Teng et al 
2015 

Biopsy    ZM-
0508, 
Beijing 
ZGBBC 

II – III Manual Mean ST 75 vs 61 Y UVa NA 57 
months 

Disease-specific survival             
McCoy et 
al 2017 

Biopsy    Dako II – IV Electronic 
(Strata-
quest V5) 

Median IE+ST 46 vs 47 NS  NA 78 
months 

Colon cancer             

Disease-free survival            
Guidoboni 
et al 2001 

Whole    Dako II – III 
(Right-
sided) 

Electronic Median IE 109 overall 
(2 groups) 

Y MVb 47 of 
109 

78 
months 

TMA 3 II – III Manual IE 113 vs 47 Y MV 
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Sinicrope 
et al 2009 

Uncl
ear 

Represe
ntative 

F7.2.38, 
Dako 

1st 
quartile 

ST 120 vs 40 NS  13 of 
125 

Unclear, 
5-years 
quoted 

Lee et al 
2010 

Whole    Thermo 
Fisher 
Scientifi
c 

II Electronic Mean IE+ST 23 vs 38 Y UVc NA 125 
months 

Flaherty et 
al 2016 

Whole    2GV6, 
Ventana 
MST 

I – III Electronic Contin-
uous 

IM 89 overall 
(2 groups) 

Y UVa NA 33.6 
months 

25th %ile IE+ST+I
M 

89 overall 
(2 groups) 

Y UVd 

Overall Survival              
Guidoboni 
et al 2001 

Whole    Dako II – III 
(Right-
sided) 

Electronic Median IE 109 overall 
(2 groups) 

Y MVb 47 of 
109 

78 
months 

Sinicrope 
et al 2009 

TMA 3 Uncl
ear 

Repres-
entative 

F7.2.38, 
Dako 

II – III Manual 1st 
quartile 

IE 113 vs 47 NS  13 of 
125 

Unclear, 
5-years 
quoted 

ST 120 vs 40 NS  

Lee et al 
2010 

Whole    Thermo 
Fisher 
Scientifi
c 

II Electronic Mean IE+ST 23 vs 38 Y UVc NA 125 
months 

Peng et al 
2010 

Whole    Zymed III b  Manual Arbitrary, 
> 75% 
staining 

ST 51 vs 17 Y UVe NA Unclear, 
5-years 
quoted 

Miller et al 
2017 

TMA 3 1mm 2xCT, 
1xIM 

2GV6 III Electronic 
(Aperio) 

Data 
driven 

IE+ST 87 vs 17 NS  18 of 
104 

82.5 
months IM 44 vs 12 NS 

Disease-specific survival             
Miller et al 
2017 

TMA 3 1mm 2xCT, 
1xIM 

2GV6 III Electronic 
(Aperio) 

Data 
driven 

IE+ST 87 vs 17 Y MV 18 of 
104 

82.5 
months IM 44 vs 12 NS  

Colorectal cancer           
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Disease-free survival            
Nagtegaal 
et al 2001 

Whole    Dako II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage 
IV) 

Manual Unclear IE+ST 32 vs 42 vs 
76 

Y MV NA 35.4 
months 

IM 47 vs 41 vs 
63 

Y UVf 

Galon et al 
2006 

TMA 4 0.6mm 2x CT,  SP7, 
Neomar
kers 

I – III Electronic 
(Alphelys
) 

ROC 
curve 

IE+ST+I
M 

124 vs 95 
vs 30 

Y MV NA 45.3 
months 1mm 2x IM 

Laghi et al 
2009 

Whole    F7.2.38, 
M7254; 
Dako 

II – III Electronic ROC 
curve 
(>10% vs 
<1%) 

IM 41 vs 77 Y MV 48 of 
286 

74 
months 

(Node-
negative
) 

Median 74 vs 74 Y UVa 

Deschool-
meester et 
al 2010 

Whole    SPF7, 
Neomar
kers 

I – IV Manual Semiquan
titative 

IE 64 vs 141 Y UVg 27 of 
215 

4.9 
years ST 82 vs 133 NS  

IM 150 vs 65 NS  
Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

F7.2.38, 
Dako 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 38 vs 149 NS  NA 95 
months 

Lavotshkin 
et al 2015 

Whole    2GV6, 
Ventana 
MST 

I – III Electronic Unclear IE+ST+I
M 

35 overall 
(2 groups) 

NS  NA 46.8 
months 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

Y UVa NA 62.9 
months 

Väyrynen 
et al 2016 

TMA 1-4 3mm IM + CT PS1, 
Novo-
castra 

I – IV Electronic 
(Image J) 

ROC 
curve 

IE 147 overall 
(2 groups) 

Y MV 11 of 
147 

51 
months 

ST 147 overall NS  
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(2 groups) 
IM 147 overall 

(2 groups) 
NS  

Schweiger 
et al 2016 

Pulmo-
nary 
Met 

   SP7, 
#RM 
9107-
S1, 
Thermo 
Fisher 
Scientifi
c 

IV Manual Semiquan
titative 

IE+ST 27 vs 28 NS  NA 30 
months 

IM 32 vs 23 NS  

Kim et al 
2018 

TMA 1 2mm IM Dako I – IV Electronic 
(Aperio) 

Median IE 329 vs 327 Y UVh 44 of 
488 

Unclear, 
80-
months 
display 

ST 320 vs 334 Y UVh 

Eriksen et 
al 2018 

Whole    M7254, 
Dako 

II Electronic Lower 
tertile 

IE+ST 387 vs 186 Y MV 173 
of 
573 

7 years 

Overall Survival              
Nagtegaal 
et al 2001 

Whole    Dako II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage 
IV) 

Manual Unclear IE+ST 32 vs 42 vs 
76 

Y UVf NA 35.4 
months 

IM 47 vs 41 vs 
63 

NS  

Lackner et 
al 2004 

Whole    Dako II – III Manual Unclear IE 70 overall 
(groups 
unclear) 

NS  NA 81.9 
months 

IM 70 overall 
(groups 
unclear) 

NS 
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Takemoto 
et al 2004 

Whole    Dako II – III Manual Arbitrary IE 17 vs 17 vs 
91 

NS  31 of 
125 

Unclear, 
4-years 
quoted ST 19 vs 38 vs 

68 
NS  

Baeten et al 
2006 

Whole    Dako I – IV Manual Unclear IE 107 overall 
(2 groups) 

Y UVf NA 5.8 
years 

ST 107 overall 
(2 groups) 

Y UVa 

Semiquan
titative 

IM 107 overall 
(2 groups) 

NS  

Galon et al 
2006 

TMA 4 0.6mm 2x CT,  SP7, 
Neomar
kers 

I – III Electronic 
(Alphelys
) 

ROC 
curve 

IE+ST+I
M 

124 vs 95 
vs 30 

Y MV NA 45.3 
months 1mm 2x IM 

Deschool-
meester et 
al 2010 

Whole    SPF7, 
Neomar
kers 

I – I V Manual Semiquan
titative 

IE 64 vs 141 Y UVj 27 of 
215 

4.9 
years ST 82 vs 133 NS  

IM 150 vs 65 NS  
Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

F7.2.38, 
Dako 

I – IV Electronic Quartiles IE+ST+I
M 

727 overall 
(4 groups) 

NS  123 
of 
753 

11.6 
years 

Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

F7.2.38, 
Dako 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 38 vs 149 NS  NA 95 
months 

Hanke et al 
2015 

TMA 1 0.6mm Repres-
entative 

Dako II Manual Median IE+ST 132 vs 688 NS  NA 46 
months 

Vlad et al 
2015 

TMA Unclea
r 

Uncl
ear 

Unclear A0452, 
Dako 

II – III Electronic Median IE+ST 22 vs 20 Y UVk NA Unclear, 
5-years 
quoted 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 
 
 

Y UVa NA 62.9 
months 

Väyrynen 
et al 2016 

TMA 1-4 3mm IM + CT I – IV Electronic 
(Image J) 

ROC 
curve 

IE 147 overall 
(2 groups) 

NS  11 of 
147 

51 
months 
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PS1, 
Novo-
castra 

ST 147 overall 
(2 groups) 

NS  

IM 147 overall 
(2 groups) 

Y UV 

Schweiger 
et al 2016 

Pulmo-
nary 
Met 

   SP7, 
#RM 
9107-
S1, 
Thermo 
Fisher 
Scientifi
c 

IV Manual Semiquan
titative 

IE+ST 27 vs 28 NS  NA 30 
months 

IM 32 vs 23 NS  

Li et al 
2017 

TMA 3 10mm Random Thermo I – IV Electronic 
(Image-
pro Plus) 

Unclear  IE+ST 419 overall 
(2 groups) 

NS  NA 33 
months 

IM 419 overall 
(2 groups) 

NS 

Berntsson 
et al 2017 

TMA 2 1mm Repres-
entative 

2GV6, 
Ventana 
MST 

I – IV Electronic Optimal 
p-value 

IE+ST 338 vs 203 Y MVl 74 of 
499 
 

10.5 
years 

Kim et al 
2018 

TMA 1 2mm IM Dako I – IV Electronic 
(Aperio) 

Median IE 329 vs 327 Y MV 44 of 
488 

Unclear, 
80-
months 
display 

ST 320 vs 334 Y UVh 

Eriksen et 
al 2018 

Whole    M7254, 
Dako 

II Electronic Lower 
tertile 

IE+ST 387 vs 186 Y MV 173 
of 
573 

7 years 

Disease-specific survival             
Laghi et al 
2009 

Whole    F7.2.38, 
M7254; 
Dako 

II – III 
(node-
negative
) 

Electronic Median IM 74 vs 74 Y UVa 48 of 
286 

74 
months 
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Katz et al 
2009 

TMA 
(Liver 
Met) 

3 0.6mm Repres-
entative 

F7.2.38, 
Dako 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 20 vs 142 Y MV NA 2 or 10 
years 

Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

F7.2.38, 
Dako 

I – IV Electronic Quartiles IE+ST+I
M 

727 overall 
(4 groups) 

NS  123 
of 
753 

11.6 
years 

Simpson et 
al 2010 

TMA 3 0.6mm Random SP7, 
NeoMar
kers 

I – IV Manual Mean IE 234 vs 121 Y MV 87 of 
360 

42 
months Semiquan

titative 
ST 39 vs 176 

vs 141 
NS  

Dahlin et al 
2011 

Whole    Dako I – IV Manual Semiquan
titative 

IE+ST+I
M 

116 vs 106 
vs 86 

Y UVm 72 of 
469 

50 
months 

Algars et al 
2012 

TMA Unclea
r 

1.2mm Repres-
entative 

IgG2a, 
Acris 

II – I V Manual Semiquan
titative 

ST 159 overall 
(3 groups) 

NS  NA 66.2 
months 

Väyrynen 
et al 2012 

Whole    PS1, 
Leica 

I – IV Manual 
vs 
Electronic 

ROC 
curve 

IE+ST+I
M 

235 overall 
(2 groups) 

Y MV NA 60 
months 

Richards et 
al 2014 

Whole    VP-
RM01, 
Vector 

I – III Manual Semiquan
titative 

IE 46 vs 67 vs 
134 vs 82 

Y MV NA 115 
months 

ST 53 vs 116 
vs 137 vs 
23 

Y MV 

IM 35 vs 95 vs 
148 vs 39 

Y MV 

Väyrynen 
et al 2016 

TMA 1-4 3mm IM + CT PS1, 
Novo-
castra 

I – IV Electronic 
(Image J) 

ROC 
curve 

IE 147 overall 
(2 groups) 

Y UVg 11 of 
147 

51 
months 

ST 147 overall 
(2 groups) 

NS  

IM 147 overall 
(2 groups) 

Y MVb 

Nearchou 
et al 2019 

Whole    Fluoresc
.A04520

II Electronic Optimal 
p-value 

IE+ST+I
M 

114 overall 
(2 groups) 

Y UVn NA 11.5 
years 
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1-2, 
Dako 

ano MV given   bIndependent of MSI  cnot independent of FoxP3 or CD45RO    dnot independent of lymph node count/CD8   enil significant on MV  fNot 
independent of mast cells/peritumoural inflammatory infiltrate   gnot independent of CD3 in other locations hNot independent of CD3/CD8 in IE/ST  jNot 
independent of grade/stage  knot independent of FoxP3 lnot independent of MSI  mnot independent of MSI/stage/site    nforward stepwise 
MV model used but CD3 alone apparently not entered 
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Table A1.6. Characteristics of studies assessing CD8 in rectal, colon and colorectal cancer 

Rectal cancer             

Study TMA 
or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumou
r region 

Groups 
(overall or 
high to 
low) 

Signifi
cant 

UV 
or 

MV 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Disease-free survival             
Shinto et al 
2014 

Biopsy    C8/144B, 
Dako 

II – III  Manual Median IE Unclear NS  NA 55.1 
months ST 

Whole ST 43 vs 38 Y MV 
Anitei et al 
2014 

TMA 4 Uncl
ear 

2x CT, 
2x IM 

4B11, 
Neomarke
rs 

I – IV  Electron
ic 
(Aperio) 

Previous 
study, 
(ROC) 

IE+ST+
IM 

32 vs 40 vs 
13 

Y UVa NA 74 
months 

Teng et al 
2015† 

Biopsy    ZM-0508, 
Beijing 
ZGBBC 

II – III Manual Median IE+ST 31 vs 31 Y UVb NA Unclear, 
5 years 
quoted 

Teng et al 
2015† 

Biopsy    ZM-0508, 
Beijing 
ZGBBC 

II – III Manual Mean ST 75 vs 61 Y UVa NA 57 
months 

Posselt et al 
2016 

Biopsy    Zytomed I – IV Electron
ic 
(Biomas
) 

Median IE 51 vs 52 NS  NA 3.6 
years ST 51 vs 51 NS 

TMA 4 2mm 2x CT, 
2x IM 

IE 77 vs 76 NS 
ST 76 vs 76 Y UVa 

McCoy et al 
2017 

Biopsy    C8/144B, 
Dako 

II – IV  Electron
ic 
(Strata-
quest 
V5) 

Median ST 53 vs 53 NS  NA 78 
months 

Biopsy    II – III Manual Median IE 138 vs 137 Y UVa NA 



338 
 

Ogura et al 
2018 

Whole C8/144B, 
Nichirei 

ST 143 vs 142 NS  57 
months 

Chen et al 
2019 

Biopsy    ab4055, 
Abcam 

I – III Manual Semiqua
ntitative 

ST 36 vs 76 NS  NA Unclear, 
5-years 
quoted TMA Unclea

r 
2mm Repres-

entative 
34 vs 63 Y UVc 

Schollbach et 
al 2019 

Whole    C8/144B, 
Dako 

II – III Manual Semiqua
ntitative 

IE+ST+
IM 

42 vs 20 vs 
15 

NS  NA Unclear, 
5-years 
quoted 

Overall survival              
Anitei et al 
2014 

TMA 4 0.6mm 2x CT 4B11, 
Neomarke
rs 

I – IV  Electron
ic 
(Aperio) 

Previous 
study, 
(ROC) 

IE+ST+
IM 

32 vs 40 vs 
13 

Y UVa NA 74 
months 

1mm 2x IM 

Teng et al 
2015† 

Biopsy    ZM-0508, 
Beijing 
ZGBBC 

II – III Manual Median IE+ST 31 vs 31 Y UVc NA Unclear, 
5 years 
quoted 

Teng et al 
2015† 

Biopsy    ZM-0508, 
Beijing 
ZGBBC 

II – III Manual Mean ST 75 vs 61 Y UVa NA 57 
months 

Posselt et al 
2016 

Biopsy    Zytomed I – IV Electron
ic 
(Biomas
) 

Median IE 51 vs 52 NS  NA 3.6 
years ST 51 vs 51 NS 

TMA 4 2mm 2x CT, 
2x IM 

IE 77 vs 76 NS 
ST 76 vs 76 NS 

Ogura et al 
2018 

Biopsy    C8/144B, 
Nichirei 

II – III Manual Median IE 138 vs 137 NS  NA 57 
months Whole ST 143 vs 142 NS  

Chen et al 
2019 

Biopsy    ab4055, 
Abcam 

I – III Manual Semiqua
ntitative 

ST 36 vs 76 NS  NA Unclear, 
5-years 
quoted TMA Unclea

r 
2mm Repres-

entative 
34 vs 63 NS 
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Schollbach et 
al 2019 

Whole    C8/144B, 
Dako 

II – III Manual Semiqua
ntitative 

IE+ST+
IM 

42 vs 20 vs 
15 

Y MV NA Unclear, 
5-years 
quoted 

Cancer-specific survival 
(CSS/DSS) 

            

Zlobec et al 
2008 

TMA 1 0.6mm Represe
ntative 

C8/144B I – III Manual ROC 
curve 

IE+ST 183 vs 275 Y MV 31 of 
482 

51 
months 

Shinto et al 
2014 

Biopsy    C8/144B, 
Dako 

II – III  Manual Median IE Unclear NS  NA 55.1 
months ST NS 

Whole ST 43 vs 38 Y MV 
Koelzer et al 
2014 

Preop 
biopsy 

   C8/144B, 
Dako 

I – IV Manual 75th %il
e 

IE 17 vs 59 Y MV 18 of 
117 

73.5 
months 

Median ST 37 vs 37 Y MV 
Rosenbaum 
et al 2016 

TMA 2 - 3 2 mm Repres-
entative 

IgG2b 
4B11, 
Leica 

I – IV 
(post-
nCRT; 
extra 
MSI) 

Manual Semiqua
ntitative 

IE 15 vs 165 NS  54 of 
178 

Unclear, 
3-years 
quoted 

McCoy et al 
2017 

Biopsy    C8/144B, 
Dako 

II – IV  Electron
ic 
(Strata-
quest 
V5) 

Median ST 53 vs 53 NS  NA 78 
months 

Colon cancer             

Disease-free survival             
Guidoboni et 
al 2001 

Whole    C8/144B, 
Dako 

II – III 
(Right-
sided) 

Electron
ic 

Median IE 109 overall 
(2 groups) 

Y MVd 47 of 
109 

78 
months 

Zlobec et al 
2008 

TMA 1 0.6mm Repres-
entative 

C8/144B, 
Dako 

I – III Manual ROC 
curve 

IE+ST 237 overall 
(2 groups) 

Y MV 0 of 
237 

Unclear, 
>5 years 
display 
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Correale et al 
2010 

TMA or 
biopsy 

3  Uncl
ear 

Random C8/144B, 
Dako 

IV Manual Semiqua
ntitative 

ST 57 overall 
(groups 
unclear) 

NS  NA Unclear, 
40-
months 
display 

Flaherty et al 
2016 

Whole    SP57, 
Ventana 
MST 

I – III Electron
ic 

Contin-
uous 

IE+ST 89 overall 
(2 groups) 

Y UVa NA 33.6 
months 

25th %il
e 

IM 89 overall 
(2 groups) 

Y UVa 

Contin-
uous 

IE+ST+
IM 

89 overall 
(2 groups) 

Y MV 

Overall survival              
Guidoboni et 
al 2001 

Whole    C8/144B, 
Dako 

II – III 
(Right-
sided) 

Electron
ic 

Median IE 109 overall 
(2 groups) 

Y MVd 47 of 
109 

78 
months 

Correale et al 
2010 

TMA or 
biopsy 

3  Uncl
ear 

Random C8/144B, 
Dako 

IV Manual Semiqua
ntitative 

ST 57 overall 
(groups 
Unclear) 

NS  NA Unclear, 
40-
months 
display 

Yoon et al 
2012 

TMA 3 Uncl
ear 

Repres-
entative 

C8/144B, 
Dako 

II – III Manual Median IE  107 vs 108 Y UVe 22 of 
183 

8 years 
ST 108 vs 107 Y MV 

Miller et al 
2017 

TMA 3 1mm 2xCT, 
1xIM 

C8/144B, 
Dako 

III Electron
ic 
(Aperio) 

Data 
driven 

IE+ST 71 vs 33 NS  18 of 
104 

82.5 
months IM 37 vs 18 NS 

Disease-specific survival             
Miller et al 
2017 

TMA 3 1mm 2xCT, 
1xIM 

C8/144B, 
Dako 

III Electron
ic 
(Aperio) 

Data 
driven 

IE+ST 71 vs 33 NS  18 of 
104 

82.5 
months IM 37 vs 18 NS 

Colorectal cancer           

Disease-free survival             
Nagtegaal et 
al 2001 

Whole    Novo-
castra 

II – IV 
(160: 40 

Manual Unclear IE+ST 69 vs 73 vs 
58 

Y UV NA 35.4 
months 
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Stage II, 
40 stage 
III, 80 
stage 
IV) 

IM 86 vs 60 NS  

Prall et al 
2004 

TMA 3 Uncl
ear 

3x IM C8/144B, 
Dako 

III Manual 66th %il
e 

IE+ST 48 vs 104 Y MV 17 of 
152 

44 
months 

Menon et al 
2004 

Whole    4B11, 
Novo-
castra 

II – III Manual 75th %il
e  

IE 23 vs 70 NS  6 of 90 6.1 
years 

Semiqua
ntitative 

ST 16 vs 27 vs 
50 

NS  

IM 25 vs 39 vs 
25 

Y MV 

Pagès et al 
2009†† 

TMA 4 0.6mm 2x CT,  4B11, 
Neomarke
rs 

I – II Electron
ic 
(Alphel
ys) 

Optimal 
p-value 

IE+ST 239 vs 130 Y MV NA 62 
months 1mm 2x IM IM 252 vs 75 Y MV 

IE+ST+
IM 

164 vs 92 
vs 40 

Y MV 

Suzuki et al 
2010 

Whole    CM154 
BIOCAR
E 

I – IV Manual Mean IE+ST 37 vs 57 NS  NA Unclear, 
8-years 
display 

Deschool-
meester et al 
2010 

Whole    1A5, 
Nova-
castra 

I – I V Manual Arbitrar
y 

IE 77 vs  138 NS  27 of 
215 

4.9 
years ST 132 vs 83 NS 

IM 144 vs 71 NS 

Tosolini et al 
2011†† 

TMA 2 0.6mm 1x CT 4B11, 
Neomarke
rs 

I – IV Electron
ic 

Optimal 
p-value 

IE+ST 48 vs 55 Y MV NA Unclear, 
5-years 
quoted 

1mm 1x IM IM 29 vs 56 Y MV 
IE+ST+
IM 

19 vs 32 vs 
33 

Y MV 

Makkai-popa 
et al 2013 

Whole    Dako I – III Electron
ic 

Median IE+ST 27 overall 
(2 groups) 

NS  NA Unclear, 
36-



342 
 

(histo-
quest) 

IM 27 overall 
(2 groups) 

NS months 
display 

Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

C8/144B, 
Dako 

IV Electron
ic 
(Aperio) 

Optimal 
p-value 

IE+ST 36 vs 152 NS  NA 95 
months 

Kim et al 
2015 
(training) 

TMA 2 2mm 1x CT Neomarke
rs 

I – IV Electron
ic 

Median IE+ST 218 overall 
(2 groups) 

Y MV 8 of 
198 

Unclear, 
80-
months 
display 

2mm 1x IM IM 218 overall 
(2 groups) 

Y MV 

Kim et al 
2015 
(validation) 

††† 

TMA 1 2mm IM Neomarke
rs 

I – IV Electron
ic 

Median IM 549 overall 
(2 groups) 

Y UVf 57 of 
536 

Lavotshkin 
et al 2015 

Whole    SP57, 
Ventana 
MST 

I – III Electron
ic 

Unclear IE+ST+
IM 

35 overall 
(groups 
unclear) 

NS  NA 46.8 
months 

Mori et al 
2015 

Whole    EP1150, 
GeneTex 

I – III Manual Median IE+ST 78 vs 79 Y MV 9 of 
151 

20.5 
months 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electron
ic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

Y UVa NA 62.9 
months 

Väyrynen et 
al 2016 

TMA 1-4 3mm IM + 
CT 

4B11, 
Novo-
castra 

I – IV Electron
ic 
(Image 
J) 

ROC 
curve 

IE 147 overall 
(2 groups) 

NS  11 of 
147 

51 
months 

ST 147 overall 
(2 groups) 

NS 

IM 147 overall 
(2 groups) 

NS 

Schweiger et 
al 2016 

Pulmo-
nary 
Met 

   C8/144B, 
Dako 

IV Manual Semiqua
ntitative 

IE+ST 27 vs 30 NS  NA 30 
months 

IM 23 vs 34 NS  
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Wei et al 
2018 

TMA Unclea
r 

0.6mm Repres-
entative 

ZA-0508, 
ZSGBBI
O 

I – IV Manual Semiqua
ntitative 

IE+ST 23 vs 71 vs 
328 

NS  97 of 
354 

72 
months 

Hu et al 2018 TMA Unclea
r 

0.6mm Repres-
entative 

Cell 
Signalling 
Tech 

I – IV Manual ROC 
curve 

IE+ST 276 overall 
(2 groups) 

Y UVa 100 of 
276 

Unclear, 
6-years 
display 

Kim et al 
2018††† 

TMA 1 2mm IM Neomarke
rs 

I – IV Electron
ic 
(Aperio) 

Median IE 388 vs 322 Y MV 44 of 
488 

Unclear, 
80-
months 
display 

ST 334 vs 320 Y UVg 

Eriksen et al 
2018 

Whole    M7103, 
Dako 

II Electron
ic 

Lower 
tertile 

IE+ST 338 vs 185 Y MV 173 of 
573 

7 years 

Overall survival              
Naito et al 
1998 

Whole    C8/144B, 
Dako 

I – IV Manual Semiqu
antitativ
e 

IE 23 vs 24 vs 
28 vs 56 

Y MV NA Unclear, 
5-years 
quoted ST Unclear NS  

IM Unclear NS 
Nagtegaal et 
al 2001 

Whole    Novo-
castra 

II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage 
IV) 

Manual Unclear IE+ST 69 vs 73 vs 
58 

NS  NA 35.4 
months 

IM 86 vs 60 NS  

Takemoto et 
al 2004 

Whole    Dako II – III Manual Arbitrar
y 

IE 17 vs 17 vs 
91 

NS  31 of 
125 

60 
months 

ST 19 vs 38 vs 
68 

NS  

Loddenkemp
er et al 2006 

Whole    C8/144B, 
Dako 

I – IV Manual Median IE+ST 40 overall 
(2 groups) 

NS  NA Unclear 

Whole    I – IV Manual Unclear IE 107 overall NS  NA 
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Baeten et al 
2006 

Novo-
castra 

(2 groups) 5.8 
years ST 107 overall 

(2 groups) 
NS  

Semiqu
antitativ
e 

IM 107 overall 
(2 groups) 

NS  

Oshikiri et al 
2006 

Whole    C8/144B, 
Dako 

I – IV Manual Unclear IE+ST 72 vs 74 Y MV NA “Min: 7 
years” 

Zlobec et al 
2008 

TMA 1 0.6mm Repres-
entative 

C8/144B, 
Dako 

I – II  Manual ROC IE+ST 587 overall 
(2 groups) 

Y MV 0 of 
587 

Unclear, 
5-year 
quoted 

Salama et al 
2009 

TMA 2 1mm Random C8/144B, 
Dako 

II – III Electron
ic 

Median IE 967 overall 
(2 groups) 

Y UVh 103 of 
956 

52.4 
months 

Pagès et al 
2009 

TMA 4 0.6mm 2x CT,  4B11, 
Neomarke
rs 

I – II Electron
ic 
(Alphel
ys) 

Optimal 
p-value 

IE+ST 239 vs 130 Y MV NA 62 
months 1mm 2x IM IM 252 vs 75 Y MV 

IE+ST+
IM 

164 vs 92 
vs 40 

Y MV 

Kasajima et 
al 2010 

TMA 3 1.5mm Repres-
entative 

Dako I – IV Manual Semiqu
antitativ
e 

IE 69 vs 222 Y UVj NA 38.4 
months IE+ST 72 vs 219 NS  

Suzuki et al 
2010 

Whole    CM154 
BIOCAR
E 

I – IV Manual Mean IE+ST 37 vs 57 NS  NA Unclear, 
8-years 
display 

Deschoolmee
-ster et al 
2010 

Whole    1A5, 
Novo-
castra 

I – IV Manual Arbitrar
y 

IE 77 vs  138 Y UVk 27 of 
215 

4.9 
years ST 132 vs 83 NS  

IM 144 vs 71 NS 
Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

C8/144B, 
Dako 

I – IV Electron
ic 

25th %il
e 

IE+ST+
IM 

709 overall 
(4 groups) 

Y UVl 123 of 
753 

11.6 
years 

Bae et al 
2011 (2 
cohorts) 

TMA 3 2mm Random Dako I – IV 
(MSIH) 

Manual Unclear IE 141 vs 28 NS  All 
169 

38 or 53 
months 
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Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

C8/144B, 
Dako 

IV Electron
ic 
(Aperio) 

Optimal 
p-value 

IE+ST 36 vs 152 Y UVm NA 95 
months 

Lee et al 
2013 

TMA 1 5mm 1x prim. C8/144B, 
Dako 

IV Electron
ic 

Mean IE+ST 79 overall 
(2 groups) 

Y UVn NA 39.1 
months 

1x met Met 79 overall 
(2 groups) 

NS  

Hanke et al 
2015 

TMA 1 0.6mm Repres-
entative 

C8/144B, 
Dako 

II Manual Median IE+ST 76 vs 744 NS  NA 46 
months 

Kim et al 
2015 
(training) 

TMA 2 2mm 1x CT Neomarke
rs 

I – IV Electron
ic 

Median IE+ST 218 overall 
(2 groups) 

NS  8 of 
198 

Unclear, 
80-
months 
display 

2mm 1x IM IM 218 overall 
(2 groups) 

Y UVh 

Kim et al 
2015 
(validation) 

††† 

TMA 1 2mm IM Neomarke
rs 

I – IV Electron
ic 

Median IM 549 overall 
(2 groups) 

Y UVh 57 of 
536 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electron
ic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

NS  NA 62.9 
months 

Väyrynen et 
al 2016 

TMA 1-4 3mm IM + 
CT 

4B11, 
Novo-
castra 

I – IV Electron
ic 
(Image 
J) 

ROC 
curve 

IE 147 overall 
(2 groups) 

NS  11 of 
147 

51 
months 

ST 147 overall 
(2 groups) 

NS 

IM 147 overall 
(2 groups) 

NS 

Schweiger et 
al 2016 

Pulmo-
nary 
Met 

   C8/144B, 
Dako 

IV Manual Semiqu
antitativ
e 

IE+ST 27 vs 30 NS  NA 30 
months 

IM 23 vs 34 NS  

Li et al 2017 TMA 3 10mm Random Thermo I – IV Electron
ic 

Unclear  IE+ST 419 overall 
(2 groups) 

NS  NA 33 
months 
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(Image-
pro 
Plus) 

IM 419 overall 
(2 groups) 

NS 

Prizment et 
al 2017 

TMA 3 Uncl
ear 

Repres-
entative 

C8/144B, 
Dako 

I – IV 
(Women 
only) 

Electron
ic 

Arbitrar
y 

IE+ST 115 vs 208 
vs 139 vs 
103 

Y MV 104 of 
412 

8.4 
years 

Berntsson et 
al 2017 

TMA 2 1mm Repres-
entative 

C8/144B, 
Dako 

I – IV Electron
ic 

Optimal 
p-value 

IE+ST 453 vs 77 Y MVe 74 of 
499 
 

10.5 
years 

Sideras et al 
2018 

Whole 
liver 
met 

   SP-57, 
Ventana 

IV Electron
ic 
(Visio-
pharm) 

Median IE+ST 22 vs 23 NS  NA Unclear, 
5-years 
display IM 23 vs 22 NS 

Wei et al 
2018 

TMA Unclea
r 

0.6mm Repres-
entative 

ZA-0508, 
ZSGBBI
O 

I – IV Manual Semiqu
antitativ
e 

IE+ST 23 vs 71 vs 
328 

NS  97 of 
354 

72 
months 

Hu et al 2018 TMA Unclea
r 

0.6mm Repres-
entative 

Cell 
Signalling 
Tech 

I – IV Manual ROC 
curve 

IE+ST 276 overall 
(2 groups) 

Y UVa 100 of 
276 

Unclear, 
6-years 
display 

Kim et al 
2018††† 

TMA 1 2mm IM Neomarke
rs 

I – IV Electron
ic 
(Aperio) 

Median IE 388 vs 322 Y UVg 44 of 
488 

Unclear, 
80-
months 
display 

ST 334 vs 320 Y UVg 

Eriksen et al 
2018 

Whole    M7103, 
Dako 

II Electron
ic 

Lower 
tertile 

IE+ST 338 vs 185 Y MV 173 of 
573 

7 years 

Nazemalhoss
eini-Majorad 
et al 2019 

Whole    C8/144B, 
Dako 

I – IV Manual Arbitrar
y 

IE 118 vs 86 
vs 77 

Y MV 45 of 
281 

8.4 
years 

ST 88 vs 115 
vs 78 

NS  

Disease-specific survival             
Oberg et al 
2002 

Whole    C8/144B, 
Dako 

III Manual Unclear ST 17 vs 73 Y UVa NA 62 
months 
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Funada et al 
2003 

Whole    Novo-
castra 

I – IV Manual Mean IM 48 vs 49 Y UVa NA Unclear, 
60-
months 
display 

Prall et al 
2004 

TMA 3 Uncl
ear 

3x IM C8/144B, 
Dako 

III Manual 66th %il
e 

IE+ST 48 vs 104 Y MV 17 of 
152 

44 
months 

Chiba et al 
2004 

Whole    C8/144B, 
Dako 

I – IV Manual Median IE 194 vs 177 Y MV 36 of 
366 

7.7 
years 

Baker et al 
2007 

TMA 1 Core 0.6mm Repres-
entative 

C8/144B, 
Dako 

I – IV Manual ROC 
curve 

IE 554 vs 610 Y MVo 223 of 
1420 

Unclear, 
10-year 
display 

Pagès et al 
2009 

TMA 4 0.6mm 2x CT,  4B11, 
Neomar-
kers 

I – II Electron
ic 
(Alphel
ys) 

Optimal 
p-value 

IE+ST 239 vs 130 Y MV NA 62 
months 

1mm 2x IM IM 252 vs 75 Y MV 
IE+ST+
IM 

164 vs 92 
vs 40 

Y MV 

Lugli et al 
2009 

Whole 
(Basel) 

   C8/144B, 
Dako 

I – IV Manual ROC 
curve 

IM 152 vs 113 Y MV 30 of 
125 

60 
months 

Lugli et al 
2009 

TMA 
(Athens
) 

Unclea
r 

0.6mm ?1x IM C8/144B, 
Dako 

I – IV Manual ROC 
curve 

IM 121 vs 69 NS  NA 35 
months 

Katz et al 
2009 

TMA 
(Liver 
Met) 

3 0.6mm Repres-
entative 

C8/144B, 
Dako 

IV Electron
ic 
(Aperio) 

Optimal 
p-value 

IE+ST 26 vs 136 Y MV NA 2 or 10 
years 

Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

C8/144B, 
Dako 

I – IV Electron
ic 

25th %il
e 

IE+ST+
IM 

709 overall 
(4 groups) 

NS  123 of 
753 

11.6 
years 

Richards et 
al 2014 

Whole    M7103, 
Dako 

I – III Manual Semiqua
ntitative 

IE 37 vs 60 vs 
123 vs 107 

Y MV NA 115 
months 

ST 21 vs 61 vs 
160 vs 85 

Y UVp 

IM 27 vs 90 vs 
134 vs 61 

Y UVp 
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Ling et al 
2014 

Whole    C8/144B, 
Dako 

I – IV Manual Semiqua
ntitative 

IE 22 vs 55 vs 
71 vs 109 

Y MV 52 of 
253 

113 
months 

ST 31 vs 108 
vs 99 vs 19 

Y UV 

IM 72 vs 102 
vs 63 vs 14 

Y UV 

IE+ST+
IM 

219 vs 128 
vs 55 

Y UV 

Väyrynen et 
al 2016 

TMA 1-4 3mm IM + 
CT 

4B11, 
Novo-
castra 

I – IV Electron
ic 
(Image 
J) 

ROC 
curve 

IE 147 overall 
(2 groups) 

NS  11 of 
147 

51 
months 

ST 147 overall 
(2 groups) 

Y UVq 

IM 147 overall 
(2 groups) 

NS  

Prizment et 
al 2017 

TMA 3 Uncl
ear 

Repres-
entative 

C8/144B, 
Dako 

I – IV 
(Women 
only) 

Electron
ic 

Arbitrar
y 

IE+ST 115 vs 208 
vs 139 vs 
103 

Y MV 104 of 
412 

8.4 
years 

Matsutani et 
al 2018 
(exploratory) 

Whole    C8/144B, 
Dako 

II – III Manual Median IE 73 vs 66 NS  6 of 39 64 
months ST 70 vs 69 Y UVr 

IM 70 vs 69 Y UVr 
Matsutani et 
al 2018 
(validation) 

Whole    C8/144B, 
Dako 

II – III Manual Median 
from 
explorat
ory 

IE 42 vs 132 NS  10 of 
174 

64 
months ST 149 vs 25 Y UVa 

IM 138 vs 36 Y MV 

aMV not given   bnot independent of tumour PDL1  cnot independent of nodal status dIndependent of MSI enot independent of MSI  
fNot independent of CD45RO/FoxP3  gNot independent of CD3/CD8 in IE/ST   hnot independent of FoxP3 and CD45RO    
jnot independent of N-stage/M-stage/age   knot independent of grade/stage  lnot independent of CD3/CD45RO/FoxP3/MSI/CIMP    
mnot independent of Clinical Risk Score   nnot independent of CD45RO   oon subgroup analysis, not significant in MMRd     
pnot independent of other markers for T-cells (all highly significant on UV)  qnot independent of CD3/MMR   rnil significant on MV in this group  
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†Same population, different tumour region assessed    ††Same population, different stage  †††Same population, different compartment analysed 
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Table A1.7. Characteristics of studies assessing CD4 in rectal and colorectal cancer 

Rectal cancer            

Study TMA 
or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumour 
region 

Groups 
(overall 
or high to 
low) 

Signi
fican
t 

UV 
or 
M
V 

M
M
R 

Median 
follow 
up How 

man
y 
cores
? 

Size 
of 
cores 

Choice 
of core 

Disease-free survival             
Teng et al 
2015 

Preop 
biopsy 

   ZA-0519, 
Beijing 
ZGBBC 

II – III Manual Median IE+ST 31 vs 31 NS  NA Unclear, 
5-years 
quoted 

Overall survival             
Teng et al 
2015 

Preop 
biopsy 

   ZA-0519, 
Beijing 
ZGBBC 

II – III Manual Median IE+ST 31 vs 31 NS  NA Unclear, 
5-years 
quoted 

Colorectal cancer            

Disease-free survival 
Nagtegaal et al 
2001 

Whole    Novo-
castra 

II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage IV) 

Manual Unclear IE+ST 78 vs 60 
vs 66 

NS  NA 35.4 
months 

IM 70 vs 65 
vs 66 

NS 

Menon et al 
2004 

Whole    Clone F6, 
Novo-
castra 

II – III Manual 75th %ile  IE 23 vs 70 NS  6 
of 
90 

6.1 
years Semiquan

titative 
ST 23 vs 28 

vs 42 
NS 

IM 20 vs 35 
vs 36 

NS 
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Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

R&D 
Systems 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 42 vs 145 Y M
V 

NA 95 
months 

Makkai-popa 
et al 2013 

Whole    Dako I – III Electronic 
(histo-
quest) 

Median IE+ST 27 overall  
(2 groups) 

NS  NA Unclear, 
36-
months 
display 

IM 27 overall  
(2 groups) 

NS 

Lavotshkin et 
al 2015 

Whole    SP35, 
Ventana 
MST 

I – III Electronic Unclear IE+ST+I
M 

35 overall  
(2 groups) 

NS  NA 46.8 
months 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 
overall 
(2 groups) 

Y UV
a 

NA 62.9 
months 

Wei et al 2018 TMA Uncl
ear 

0.6mm Repres-
entative 

ZA-0519, 
ZSGB-
BIO 

I – IV Manual Semiquan
titative 

IE+ST 19 vs 69 
vs 266 

NS  97 
of 
354 

72 
months 

Overall survival 
Nagtegaal et al 
2001 

Whole    Novo-
castra 

II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage IV) 

Manual Unclear IE+ST 78 vs 60 
vs 66 

NS  NA 35.4 
months 

IM 70 vs 65 
vs 66 

NS 

Kasajima et al 
2010 

TMA 3 1.5mm Repres-
entative 

Dako I – IV Manual Semiquan
titative 

IE+ST 86 vs 199 Y UV
b 

NA 38.4 
months 

Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

R&D 
Systems 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 85 vs 77 Y M
V 

NA 95 
months 
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Chen & Chen 
2014 

Whole    Abcam 
(T-bet) 

I – IV Manual Unclear IE+ST+I
M 

54 vs 48 NS  NA Unclear, 
5-years 
quoted 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 
overall 
(2 groups) 

Y UV
a 

NA 62.9 
months 

Li et al 2017 TMA 3 10mm Random Thermo I – IV Electronic 
(Image-
pro Plus) 

Unclear  IE+ST 419 
overall  
(2 groups) 

NS  NA 33 
months 

IM 419 
overall  
(2 groups) 

NS 

Wei et al 2018 TMA Uncl
ear 

0.6mm Repres-
entative 

ZA-0519, 
ZSGB-
BIO 

I – IV Manual Semiquan
titative 

IE+ST 19 vs 69 
vs 266 

NS  97 
of 
354 

72 
months 

Disease-specific survival 
Canna et al 
2005 

Whole    Vector II – III Manual Tertiles IE 49 vs 49 
vs 49 

Y UV
c 

NA 62 
months 

Katz et al 
2009 

TMA 
(Liver 
Met) 

3 0.6mm Repres-
entative 

R&D 
Systems 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 85 vs 77 Y M
V 

NA 2 or 10 
years 

Ling et al 
2016 

Whole    T-bet 
(H-210; 
Santa 
Cruz 
Biotech) 

I – IV Manual Semiquan
titative 

IE+ST 136 vs 
147 vs 
107 

Y M
V 

61 
of 
379 

Unclear, 
15-years 
display 

Matsutani et al 
2018 
(exploratory) 

Whole    Dako II – III Manual Median IE 5 vs 134 NS  6 
of 
39 

64 
months ST 71 vs 68 NS 

IM 71 vs 68 NS 
Whole    Dako II – III Manual Median 

from 
IE 21 vs 153 NS  64 

months ST 40 vs 134 NS 
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Matsutani et al 
2018 
(validation) 

explorator
y 

IM 42 vs 132 NS 10 
of 
174 

ano MV given  bnot independent of N-stage/M-stage/age   cnot independent of age/stage/CRP  
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Table A1.8. Characteristics of studies assessing CD45RO in rectal, colon and colorectal cancer 

Rectal cancer            

Study TMA 
or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumour 
region 

Groups 
(overall or 
high to 
low) 

Signi
fican
t 

UV 
or 

MV 

M
M
R 

Median 
follow 
up How 

many 
cores? 

Size of 
cores 

Choice 
of core 

Disease-free survival             
Wang et al 
2015 

TMA Unclea
r 

1mm Repres-
entative 

Novus II – III 
(Post 
nCRT) 

Electronic 
(Alphelys
) 

Median IE+ST 91 vs 94 Y MV NA Unclear, 
3-years 
quoted 

Overall Survival             
Koelzer et al 
2014 

Preop 
biopsy 

   Abcam I – IV Manual Median IE 39 vs 37 NS  18 
of 
117 

73.5 
Months ST 38 vs 38 Y MV 

Colon cancer            

Disease-free survival 
Lee et al 
2010 

Whole    Thermo 
Fisher 
Scientific 

II Electronic Mean IE 87 overall 
(2 groups) 

Y MVa NA 125 
months 

ST 87 overall 
(2 groups) 

Y UVb 

Overall survival 
Lee et al 
2010 

Whole    Thermo 
Fisher 
Scientific 

II Electronic Mean IE 87 overall 
(2 groups) 

NS  NA 125 
months 

ST 87 overall 
(2 groups) 

Y UVb 

Peng et al 
2010 

Whole    Zymed III b  Manual Arbitrar
y, > 
75% 
staining 

ST 79 overall 
(2 groups) 

Y UVc NA Unclear, 
5-years 
quoted 
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Colorectal cancer            

Disease-free survival 
Pagès et al 
2009† 

TMA 4 0.6mm 2x CT,  OPD4, 
Neomark
ers 

I – II Electronic 
(Alphelys
) 

Optimal 
p-value 

IE+ST 302 vs 69 Y MV NA 62 
months 1mm 2x IM IM 242 vs 107 Y MV 

IE+ST+I
M 

188 vs 106 
vs 27 

Y MV 

Makkai-popa 
et al 2013 

Whole    Neomark
ers 

I – III Electronic 
(histo-
quest) 

Median IE+ST 27 overall 
(2 groups) 

NS  NA Unclear, 
36-
months 
display 

IM 27 overall 
(2 groups) 

NS 

Meshcheryak
ova et al 
2014 

Liver 
met 

   DB 
Biotech 

IV Electronic 
(histo-
quest) 

Unclear IM 51 overall  
(2 groups) 

Y MV NA 50.2/32.
2 
months 

Kim et al 
2015 
(training) 

TMA 2 2mm 1x CT Neomark
ers 

I – IV Electronic Median IE+ST 218 overall 
(2 groups) 

Y UVd 8 
of 
198 

Unclear, 
80-
months 
display 

2mm 1x IM IM 218 overall 
(2 groups) 

Y MV 

Kim et al 
2015 
(validation) 

TMA 1 2mm IM Neomark
ers 

I – IV Electronic Median IM 549 overall 
(2 groups) 

Y MV 57 
of 
536 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

Y UV NA 62.9 
months 

Schweiger et 
al 2016 

Pulmo-
nary 
Met 

   UCHL1, 
#M07420
1, Dako 

IV Manual Semiqua
ntitative 

IE+ST 32 vs 22 NS  NA 30 
months 

IM 39 vs 15 NS  

Overall survival 
Salama et al 
2009 

TMA 2 1mm Random UCHL1, 
Dako 

II – III Electronic Median IE 967 overall 
(2 groups) 

Y UVe 103 
of 
956 

52.4 
months 

TMA 4 0.6mm 2x CT,  I – II IE+ST 302 vs 69 Y MV NA 
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Pagès et al 
2009 

1mm 2x IM OPD4, 
Neomark
ers 

Electronic 
(Alphelys
) 

Optimal 
p-value 

IM 242 vs 107 Y MV 62 
months IE+ST+I

M 
188 vs 106 
vs 27 

Y MV 

Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

UCHL1, 
Dako 

I – IV Electronic 25th %il
e 

IE+ST+I
M 

738 overall 
(4 groups) 

Y MVf 123 
of 
753 

11.6 
years 

Lee et al 
2013 

TMA 1 5mm 1x prim. UCHL1, 
Dako 

IV Electronic Mean IE+ST 79 overall 
(2 groups) 

Y MV NA 39.1 
months 

1x met Met 79 overall 
(2 groups) 

Y UVg 

Meshcheryak
ova et al 
2014 

Liver 
met 

   DB 
Biotech 

IV Electronic 
(histo-
quest) 

Unclear IM 51 overall  
(2 groups) 

Y UV NA 50.2/32.
2 
months 

Kim et al 
2015 
(training) 

TMA 2 2mm 1x CT Neomark
ers 

I – IV Electronic Median IE+ST 218 overall 
(2 groups) 

NS  8 
of 
198 

Unclear, 
80-
months 
display 

2mm 1x IM IM 218 overall 
(2 groups) 

Y MV 

Kim et al 
2015 
(validation) 

TMA 1 2mm IM Neomark
ers 

I – IV Electronic Median IM 549 overall 
(2 groups) 

Y MVh 57 
of 
536 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-
BIO 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

Y UVj NA 62.9 
months 

Schweiger et 
al 2016 

Pulmo-
nary 
Met 

   UCHL1, 
#M07420
1, Dako 

IV Manual Semiqua
ntitative 

IE+ST 32 vs 22 NS  NA 30 
months 

IM 39 vs 15 NS  

Disease-specific survival 
Oberg et al 
2002 

Whole    OPD-4, 
Dako 

III Manual Unclear ST 36 vs 54 Y UVj NA 62 
months 

Pagès et al 
2009 

TMA 4 0.6mm 2x CT,  I – II Optimal 
p-value 

IE+ST 302 vs 69 Y MV NA 62 
months 

1mm 2x IM IM 242 vs 107 Y MV 
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OPD4, 
Neomark
ers 

Electronic 
(Alphelys
) 

IE+ST+I
M 

188 vs 106 
vs 27 

Y MV 

Katz et al 
2009 

TMA 
(Liver 
Met) 

3 0.6mm Repres-
entative 

2B11 
PD7/26, 
Dako 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 148 vs 14 NS  NA 2 or 10 
years 

Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

UCHL1, 
Dako 

I – IV Electronic 25th %il
e 

IE+ST+I
M 

738 overall 
(4 groups) 

Y MVf 123 
of 
753 

11.6 
years 

Richards et 
al 2014 

Whole    M0742, 
Dako 

I – III Manual Semiqua
ntitative 

IE 31 vs 69 vs 
145 vs 85 

Y UVe NA 115 
months 

ST 64 vs 116 
vs 142 vs 8 

Y UVe 

IM 48 vs 94 vs 
141 vs 36 

Y UVe 

aindependent of FoxP3 and CD3 bnot independent of FoxP3/CD3/VI/NI  cnil significant on MV   dnot independent of CD8/FoxP3  enot independent of 
FoxP3/CD8/CD3  findependent of CD3/CD8/FoxP3/MSI/CIMP  gnot independent of CD45RO in primary tumour  hindependent of FoxP3 and 
CD8  jno MV given   
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Table A1.9. Characteristics of studies assessing FoxP3 in rectal, colon and colorectal cancer 

Rectal cancer            

Study TMA 
or 
Whole 
sectio
n 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumou
r region 

Groups 
(overall 
or high 
to low) 

Signif
icant 

UV 
or 

MV 

Eff
ect 

M
MR 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Disease-free survival 
Shinto et al 
2014 

Preop 
biopsy 

   236A/E7, 
Abcam 

II – III  Manual Median IE 36 vs 45 NS   NA 55.1 
months ST 40 vs 41 NS 

Whole ST 44 vs 37 NS 
Reimers et 
al 2014 

TMA 3 1mm Random 236A/E7, 
Abcam 

I – IV  Manual Median IE+ST 238 vs 
240 

Y MV +ve NA Unclear, 
10-years 
display 

Teng et al 
2015 

Preop 
biopsy 

   M3974, 
Spring 
Bioscience 

II-III Manual Median IE+ST 31 vs 31 NS   NA Unclear, 
5-years 
quoted 

McCoy et 
al 2015† 

TMA 4 1mm 2x CT, 
2x 
“stroma" 

236A/E7, 
Abcam 

II-IV 
(post 
nCRT) 

Electronic 
(Aperio) 

Median IE 128 
overall 
(2 
groups) 

Y UVa -ve NA 76 
months 

ST 128 
overall 
(2 
groups) 

Y UVa -ve 

Posselt et al 
2016 

Biopsy    Zytomed I – IV 
(pre- 
and 
post- 
nCRT) 

Electronic 
(Biomas) 

Median IE 51 vs 52 NS   NA 3.6 
years ST 51 vs 52 NS 

TMA 4 2mm 2xCT, 
2xIM 

IE 77 vs 76 NS 
ST 76 vs 76 NS 



359 
 

McCoy et 
al 2017† 

Biopsy    236A/E7, 
Abcam 

II – IV 
(pre-
nCRT) 

Electronic 
(Strata-
quest V5) 

Median IE+ST 53 vs 53 NS   NA 78 
months 
 

Overall survival 
Reimers et 
al 2014 

TMA 3 1mm Random 236A/E7, 
Abcam 

I – IV  Manual Median IE+ST 238 vs 
240 

Y MV +ve NA Unclear, 
10-years 
display 

Teng et al 
2015 

Preop 
biopsy 

   M3974, 
Spring 
Bioscience 

II-III Manual Median IE+ST 31 vs 31 NS   NA Unclear, 
5-years 
quoted 

Posselt et al 
2016 

Biopsy    Zytomed I – IV 
(pre- 
and 
post- 
nCRT) 

Electronic 
(Biomas) 

Median IE 51 vs 52 Y UVb +ve NA 3.6 
years ST 51 vs 52 Y UVb +ve 

TMA 4 2mm 2xCT, 
2xIM 

IE 77 vs 76 NS   
ST 76 vs 76 NS 

Disease-specific survival 
Shinto et al 
2014 

Preop 
biopsy 

   236A/E7, 
Abcam 

II – III  Manual Median IE 36 vs 45 NS   NA 55.1 
months ST 40 vs 41 NS 

Whole ST 44 vs 37 NS 
McCoy et 
al 2017 

Biopsy    236A/E7, 
Abcam 

II – IV 
(pre-
nCRT) 

Electronic 
(Strata-
quest V5) 

Median IE+ST 53 vs 53 NS   NA 78 
months 

Colon cancer            

Disease-free survival 
Sinicrope 
et al 2009 

TMA 3  Uncl
ear 

Repres-
entative 

ab20034, 
Abcam 

II – III Manual 1st 
quartile 

IE 101 vs 
59 

NS   13 
of 
125 

Unclear, 
5-years 
quoted ST 118 vs 

42 
NS 

Lee et al 
2010 

Whole    PCH1011, 
eBioscience 

II Electronic Mean IE 87 
overall 

Y MV +ve NA 125 
months 



360 
 

(2 
groups) 

ST 87 
overall 
(2group
s) 

Y UVc +ve 

Correale et 
al 2010 

TMA 
or 
biopsy 

3  Uncl
ear 

Random 22510, 
Abcam 

IV Manual Semiquan
titative 

ST 57 
overall 
(groups 
unclear) 

Y MV +ve NA Unclear, 
40-
months 
display 

Overall survival 
Sinicrope 
et al 2009† 

TMA 3  Uncl
ear 

Repres-
entative 

ab20034, 
Abcam 

II – III Manual 1st 
quartile 

IE 101 vs 
59 

NS   13 
of 
125 

Unclear, 
5-years 
quoted ST 118 vs 

42 
NS 

Lee et al 
2010 

Whole    PCH1011, 
eBioscience 

II Electronic Mean IE 87 
overall 
(2 
groups) 

Y UVc +ve NA 125 
months 

ST 87 
overall 
(2group
s) 

Y UVc +ve 

Correale et 
al 2010 

TMA 
or 
biopsy 

3  Uncl
ear 

Random 22510, 
Abcam 

IV Manual Semiquan
titative 

ST 57 
overall 
(groups 
Unclear) 

Y MV +ve NA Unclear, 
40-
months 
display 

Yoon et al 
2012† 

TMA 3 Uncl
ear 

Repres-
entative 

ab20034, 
Abcam 

II – III Manual Median IE  78 vs 78 Y MVd +ve 22 
of 
183 

8 years 
ST 78 vs 78 Y MVd +ve 
IE+ST 78 vs 78 Uncl

ear 
  

TMA 3 1mm III IE+ST 87 vs 17 Y UVe +ve 
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Miller et al 
2017 

2xCT, 
1xIM 

236A/E7, 
Abcam 

Electronic 
(Aperio) 

Data 
driven 

IM 37 vs 19 NS   18 
of 
104 

82.5 
months 

Disease-specific survival 
Miller et al 
2017 

TMA 3 1mm 2xCT, 
1xIM 

236A/E7, 
Abcam 

III Electronic 
(Aperio) 

Data 
driven 

IE+ST 87 vs 17 Y UVb +ve 18 
of 
104 

82.5 
months IM 37 vs 19 NS   

Markl et al 
2017 

Whole    SP97, 
Spring Bio-
science 

I – IV Manual ROC 
curve 

IM 90 vs 46 Y UVf +ve 21 
of 
136 

55 
months 

Colorectal cancer            

Disease-free survival 
Suzuki et al 
2010 

Whole    ab20034, 
Abcam 

I – IV Manual Mean IE+ST 30 vs 64 NS   NA Unclear, 
8-years 
display 

Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

236A/E7, 
Abcam 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 26 vs 
162 

NS   NA 95 
months 

Zeestraten 
et al 2013 

Whole    ab20034, 
Abcam 

I – III Manual Median IE 36 vs 40 NS   13 
of 
76 

7.3 
years ST 38 vs 38 NS 

Kim et al 
2015 
(training) 

TMA 2 2mm 1x CT Abcam I – IV Electronic Median IE+ST 218 
overall 
(2 
groups) 

NS   8 
of 
198 

Unclear, 
80-
months 
display 

2mm 1x IM IM 218 
overall 
(2 
groups) 

NS 

Kim et al 
2015 
(validation) 

TMA 1 2mm IM Abcam I – IV Electronic Median IM 549 
overall 

Y UVg +ve 57 
of 
536 
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(2 
groups) 

Lavotshkin 
et al 2015 

Whole    236A/E7, 
eBioscience
s 

I – III Electronic Unclear IE+ST+
IM 

35 
overall 
(2 
groups) 

NS    46.8 
months 

Mori et al 
2015 

Whole    236A/E, 
Abcam 

I – III Manual Median IE+ST 77 vs 80 NS   9 
of 
151 

20.5 
months 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-BIO I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 
overall 
(2 
groups) 

Y UVb +ve NA 62.9 
months 

Väyrynen 
et al 2016 

TMA 1-4 3mm IM + 
CT 

236A/E7, 
AbCam 

I – IV Electronic 
(Image J) 

ROC 
curve 

ST 147 
overall 
(2 
groups) 

Y UVh +ve 11 
of 
147 

51 
months 

IM 147 
overall 
(2 
groups) 

Y UVh +ve 

Schweiger 
et al 2016 

Pulmo
-nary 
Met 

   206D, 
#320116, 
BioLegend 

IV Manual Semiquan
titative 

IE+ST 26 vs 27 NS   NA 30 
months 

IM 17 vs 36 NS 

Overall survival 
Loddenkem
per et al 
2006 

Whole    PCH101, 
eBio-
science 

I – IV Manual Median IE+ST 40 
overall 
(2 
groups) 

NS   NA Unclear 

Salama et 
al 2009 

TMA 2 1mm Random ab20034, 
Abcam 

II – III Electronic Median IE 967 
overall 

Y MV +ve 103 
of 
956 

52.4 
months 
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(2 
groups) 

Suzuki et al 
2010 

Whole    ab20034, 
Abcam 

I – IV Manual Mean IE+ST 30 vs 64 NS   NA Unclear, 
8-years 
display 

Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

206D, 
Biolegend 

I – IV Electronic 25th %ile IE+ST+
IM 

705 
overall 
(4 
groups) 

Y UVj +ve 123 
of 
753 

11.6 
years 

Katz et al 
2013 

TMA 3 0.6mm Liver 
Met 

236A/E7, 
Abcam 

IV Electronic 
(Aperio) 

Optimal 
p-value 

IE+ST 26 vs 
162 

NS   NA 95 
months 

Lee et al 
2013 

TMA 1 5mm 1x prim. PCH1011, 
Spring-bio-
science 

IV Electronic Mean IE+ST 79 
overall 
(2 
groups) 

NS   NA 39.1 
months 

1x met Met 79 
overall 
(2 
groups) 

Y UVk +ve 

Zeestraten 
et al 2013 

Whole    ab20034, 
Abcam 

I – III Manual Median IE 36 vs 40 NS   13 
of 
76 

7.3 
years ST 38 vs 38 NS 

Xu et al 
2013 

TMA 1 Uncl
ear 

Random Abcam I – IV Manual Median IE+ST 21 vs 69 Y UVl +ve NA 65 
months IE 15 vs 75 Y MV -ve 

Chen & 
Chen 2014 

Whole    Abcam I – IV Manual Unclear IE+ST+
IM 

47 vs 55 NS   NA Unclear, 
5-years 
quoted 

Hanke et al 
2015 

TMA 1 0.6mm Repres-
entative 

206D, 
Biolegend 

II Manual Median IE+ST 34 vs 
786 

Y MV +ve NA 46 
months 
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Vlad et al 
2015 

TMA Uncle
ar 

Uncl
ear 

Unclear ab20034, 
Abcam 

II – III Unclear,  
Possibly 
electronic 

Median IE+ST 21 vs 21 Y MV +ve NA Unclear, 
5-years 
quoted 

Kim et al 
2015 
(training) 

TMA 2 2mm 1x CT Abcam I – IV Electronic Median IE+ST 218 
overall 
(2 
groups) 

NS   8 
of 
198 

Unclear, 
80-
months 
display 

2mm 1x IM IM 218 
overall 
(2 
groups) 

NS 

Kim et al 
2015 
(validation) 

TMA 1 2mm IM Abcam I – IV Electronic Median IM 549 
overall 
(2 
groups) 

Y UVg +ve 57 
of 
536 

Wang et al 
2015 

Whole    ab20034, 
Abcam 

II – III Manual Median IE+ST 181 vs 
159 

Y MV +ve NA 61.4 
months 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

ZSGB-BIO I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 
overall 
(2 
groups) 

Y UVb +ve NA 62.9 
months 

Väyrynen 
et al 2016 

TMA 1-4 3mm IM + 
CT 

236A/E7, 
AbCam 

I – IV Electronic 
(Image J) 

ROC 
curve 

ST 147 
overall 
(2 
groups) 

Y UVh +ve 11 
of 
147 

51 
months 

IM 147 
overall 
(2 
groups) 

Y UVh +ve 

Schweiger 
et al 2016 

Pulmo
-nary 
Met 

   206D, 
#320116, 
BioLegend 

IV Semiquan
titative 

 IE+ST 26 vs 27 NS   NA 30 
months 

IM 17 vs 36 NS 
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Berntsson 
et al 2017 

TMA 2 1mm Repres-
entative 

236A/E7, 
Abcam 

I – IV Electronic Optimal 
p-value 

IE+ST 300 vs 
247 

Y MVd +ve 74 
of 
499 
 

10.5 
years 

Sideras et 
al 2018 

Whole 
liver 
met 

   236A/E7, 
ebio-
science 

IV Electronic 
(visio-
pharm) 

Median IE+ST 22 vs 23 NS   NA Unclear, 
5-
months 
display 

IM 23 vs 22 NS 

Disease-specific survival 
Nosho et al 
2010 

TMA 2-4 0.6mm Repres-
entative 

206D, Bio-
Legend 

I – IV Electronic 25th %ile IE+ST+
IM 

705 
overall 
(4 
groups) 

Y UVj +ve 123 
of 
753 

11.6 
years 

Frey et al 
2010 

TMA 1 0.6mm 1x CT 236A/E7, 
Abcam 

I – IV Manual ROC 
curve 

IE+ST 267+28
1+73 vs 
240+26
0+131 

Y MVm +ve 239 
of 
143
6 

Unclear, 
5-years 
quoted 

Ling et al 
2014 

Whole    236A/E7, 
AbCam 

I – IV Manual Semiquan
titative 

ST 17 vs 83 
vs 118 
vs 42 

Y MV +ve 52 
of 
253 

113 
months 

IM 15 vs 76 
vs 125 
vs 39 

Y MV +ve 

IE+ST+
IM 

125 vs 
201 vs 
79 

Y MV +ve 

Richards et 
al 2014 

Whole    ab20034, 
Abcam 

I – III Manual Semiquan
titative 

IE 0 vs 130 
vs 122 
vs 71 

Y UVn +ve NA 115 
months 

ST 21 vs 61 
vs 160 
vs 85 

Y UVn +ve 
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IM 0 vs 126 
vs 122 
vs 63 

Y UVn +ve 

Väyrynen 
et al 2016 

TMA 1-4 3mm IM + 
CT 

236A/E7, 
AbCam 

I – IV Electronic 
(Image J) 

ROC 
curve 

ST 147 
overall 
(2 
groups) 

Y UVh +ve 11 
of 
147 

51 
months 

IM 147 
overall 
(2 
groups) 

Y UVh +ve 

aWorse outcome from FoxP3, not independent of Dworak/M-stage/PI bNo MV given cnot independent of CD3/CD45RO/CD25  
dnot independent of MMR status   enot independent of Sox2/BRAF/N-stage  fnot independent of T-stage/N-stage    
gNot independent of CD45RO/CD8   hnot independent of CD3/MMR   jnot independent of CD3/CD45RO/CD8/MSI/CIMP   
knot independent of CD45RO, but better prognosis for FoxP3 in met in this study   lnot independent of other pathological features or FoxP3 Tregs within cancer 
cell nests (negative indicator) mnot significant in an MMRd subgroup   nnot independent of other markers for T-cells (all highly significant on UV)  †Same 
population, different counting method    ††Same population, but different threshold used 
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Table A1.10. Characteristics of studies assessing Immunoscore in rectal, colon and colorectal cancer 

Rectal cancer            

Study TMA 
or 
Whole 
sectio
n 

If TMA … Anti-
bodies 
used 

Cohort 
assesse
d 
(stage) 

Measurement Thres
hold 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signi
fican
t 

UV 
or 

MV 

MM
R 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Disease-free survival 
Anitei et al 
2014† 

TMA 4 0.6mm 

1.0mm 
2x CT,  
2x IM 

CD3: 
2GV6, 
Ventana 
and CD8: 
C8/144B, 
Dako 

I – IV Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

29 vs 23 
vs 21 vs 6 
vs 4 

Y MV NA 74 
months 

Overall survival 
Anitei et al 
2014† 

TMA 4 0.6mm 

1.0mm 
2x CT,  
2x IM 

CD3: 
2GV6, 
Ventana 
and CD8: 
C8/144B, 
Dako 

I – IV Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

29 vs 23 
vs 21 vs 6 
vs 4 

Y MV NA 74 
months 

Colon cancer            

Disease-free survival 
Pagès et al 
2018 

Whole    CD3: 
2GV6, 
Ventana 
and CD8: 
C8/144B, 
Dako 
 

I – III Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

25% 
stainin
g 

(IE+ST)
+IM 

708 vs 
1271 vs 
702 

Y MV 304 
of 
1562 

69 
months 
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Overall survival 
Pagès et al 
2018 

Whole    CD3: 
2GV6, 
Ventana 
and CD8: 
C8/144B, 
Dako 

I – III Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

25% 
stainin
g 

(IE+ST)
+IM 

708 vs 
1271 vs 
702 

Y MV 304 
of 
1562 

69 
months 

Disease-specific survival 
Markl et al 
2016 

Whole    CD3: 
MRQ-39, 
Cell 
Marque 
and CD8: 
SP16, 
Cell 
Marque 

I-II Electronic (Image 
J) – combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

ROC 
Curve 
 

(IE+ST)
+IM 
(Unable 
to 
obtain 
score for 
CD8 in 
CT, so 
score 
out of 3; 
split 0-
1/2/3) 

27 vs 46 
vs 73 

Y UVa 32 of 
170 

54 
months 

Colorectal cancer            

Disease-free survival 
Pagès et al 
2009† 

TMA 4 0.6mm 

1.0mm 
2x CT,  
2x IM 

CD8: 
4B11 and 
CD45RO: 
OPD4, 
Neomarke
rs 

I – II Electronic 
(Alphelys) – 
combined score of 
CD8 and CD45RO 
in 2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

119 vs 75 
vs 76 vs 
12 

Y MV NA 62 
months 
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Mlecnik et 
al 2011† 

(training) 

TMA 2 0.6mm 

1.0mm 
1x CT 
1x IM 

CD8: 
4B11 and 
CD45RO: 
OPD4, 
Neomarke
rs 

I – III Electronic 
(Alphelys) – 
combined score of 
CD8 and CD45RO 
in 2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

67 vs 46 
vs 52 vs 
36 vs 14 

Y MV NA Unclear, 
5-years 
quoted 

Mlecnik et 
al 2011 

(validation) 

43 vs 31 
vs 30 vs 
17 vs 8 

Y MV 

Halama et 
al 2011 

Whole 
liver 
met 

   CD3: 
PS1, 
Acris;  
CD8: 
4B11, 
Novo-
castra; 
and GrzB: 
11F1, 
Novo-
castra 

IV Electronic 
(Visiopharm) – 
combined score of 
CD3 (2points), 
CD8 (1 point) and 
GrzB (1point) at 
metastatic IM. 
 

Unclea
r 

IM  
(split 0-
2/ 3-4) 

33 overall 
(2 groups) 

Y UVb 0 of 
33 

Unclear, 
6 years 
display, 
but 
nearly 
all 
progre-
ssed by 
30 
months 

Wirta et al 
2017 

TMA 4 0.6mm 2CT, 
2IM 

CD3: 
PS1, 
Novo-
castra and 
CD8: 
SP16, 
Thermo 
Scientific 

I – IV Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

ROC 
Curve 

(IE+ST)
+IM 

140 vs 92 
vs 86 vs 
45 vs 54 

Y MVc 80 of 
417 

6 years 

Wang et al 
2018 

Whole 
liver 
met 

   CD3: 
ZA0503, 
ZSGS-
BIO, and 
CD8: 
ZA0508, 

Stage 
IV CRC 

Electronic (Image 
J) – combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM). Immunoscore 

Media
n 

(IE+ST)
+IM 

90 vs 159 Y MV NA 46.4 
months 



370 
 

ZSGS-
BIO 

then dichotomised 
as 
 0-2/3-4  

Yomoda et 
al 2018 

Whole    CD3: 
LN10, 
Leica and 
CD8: 
4B11,  
Leica 

II – III Electronic (Image 
J) – combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM). Immunoscore 
then dichotomised 
as 
 0-2/3-4 

Media
n 

(IE+ST)
+IM 

33 vs 49 Y MV NA Unclear, 
5-years 
display 
 

Overall survival 
Pagès et al 
2009† 

TMA 4 0.6mm 

1.0mm 
2x CT,  
2x IM 

CD8: 
4B11 and 
CD45RO: 
OPD4, 
Neomarke
rs 

I – II Electronic 
(Alphelys) - 
combined score of 
CD8 and CD45RO 
in 2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

119 vs 75 
vs 76 vs 
12 

Y MV NA 62 
months 

Mlecnik et 
al 2011† 

(training) 

TMA 2 0.6mm 

1.0mm 
1x CT 
1x IM 

CD8: 
4B11 and 
CD45RO: 
OPD4, 
Neomarke
rs 

I – III Electronic 
(Alphelys) - 
combined score of 
CD8 and CD45RO 
in 2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

67 vs 46 
vs 52 vs 
36 vs 14 

Y MV NA Unclear, 
5-years 
quoted 

Mlecnik et 
al 2011 

(validation) 

43 vs 31 
vs 30 vs 
17 vs 8 

Y MV 

Halama et 
al 2011 

Whole 
liver 
met 

   CD3: 
PS1, 
Acris;  
CD8: 
4B11, 

IV Electronic 
(Visiopharm) – 
combined score of 
CD3 (2points), 
CD8 (1 point) and 

Unclea
r 

IM  
(split 0-
2/ 3-4) 

33 overall 
(2 groups) 

Y UVb 0 of 
33 

Unclear, 
6 years 
display, 
but 
nearly 
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Novo-
castra; 
and GrzB: 
11F1, 
Novo-
castra 

GrzB (1point) at 
metastatic IM. 
 

all 
progre-
ssed by 
30 
months 

Kwak et al 
2016 

TMA 3 2.0mm 1x CT 
1x IM 
1x Met 

CD3: 
Dako, 
CD8: 
Neomarke
rs and 
CD163: 
Novo-
Castra 

IV Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM). 
Also added 
additional 
variables: 
metastatic IS (ISM: 
CT 
[IE+ST]+IM+Meta
stases) and 
macrophage IS 
(ISma: 
CT[IE+ST]+IM+m
acrophages) 

Optim
al p-
value. 

(IE+ST)
+IM 
(split 0-
2/ 3-4) 

96 vs 96 Y UVd NA 37.5 
months 

(IE+ST)
+IM+M
et 
(split 0-
3/ 4-6) 

88 vs 100 
 

Y MV 

(IE+ST)
+IM+m
ac (0 for 
high; 1 
for low) 
(split 0-
3/ 4-6) 

118 vs 75 
 

Y UVd 

Wirta et al 
2017 

TMA 4 0.6mm 2CT, 
2IM 

CD3: 
PS1, 
Novo-
castra and 
CD8: 
SP16, 
Thermo 
Scientific 

I – IV Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

ROC 
Curve 

(IE+ST)
+IM 

140 vs 92 
vs 86 vs 
45 vs 54 

Y MVc 80 of 
417 

6 years 
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Liu et al 
2018 

Whole    CD3: ZA-
0503, and 
CD8: ZA-
0508, 
ZSGB-
BIO 

IV Electronic (Aperio) 
– combined score 
as per Kwak et al of 
CD3 and CD8 in 2 
tumour regions and 
metastasis 
(ISM: CT 
[IE+ST]+IM+Met) 

Same 
as 
Kwak 

CT 
[IE+ST]
+IM+M
et 
(split 0-
3/ 4-6) 

22 vs 38 
 

NS  NA Unclear 

Wang et al 
2018 

Whole 
liver 
met 

   CD3: 
ZA0503, 
ZSGS-
BIO, and 
CD8: 
ZA0508, 
ZSGB-
BIO 

IV Electronic (Image 
J) – combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM). Immunoscore 
then dichotomised 
as 
 0-2/3-4  

Media
n 

(IE+ST)
+IM 

90 vs 159 Y MV NA 46.4 
months 

Yomoda et 
al 2018 

Whole    CD3: 
LN10, 
Leica and 
CD8: 
4B11,  
Leica 

II – III Electronic (Image 
J) – combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM). Immunoscore 
then dichotomised 
as 
 0-2/3-4 

Media
n 

(IE+ST)
+IM 

33 vs 49 Y MV NA Unclear, 
5-years 
display 
 

Disease-specific survival 
Pagès et al 
2009† 

TMA 4 0.6mm 

1.0mm 
2x CT, 
2x IM  

CD8: 
4B11 and 
CD45RO: 
OPD4, 

I – II Electronic 
(Alphelys) - 
combined score of 
CD8 and CD45RO 
in 2 tumour regions 

Optim
al p-
value 

(IE+ST)
+IM 

119 vs 75 
vs 76 vs 
12 

Y MV NA 62 
months 
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Neomarke
rs 

(CT [IE+ST] and 
IM) 

Mlecnik et 
al 2011† 

(training) 

TMA 2 0.6mm 

1.0mm 
1x CT 
1x IM 

CD8: 
4B11 and 
CD45RO: 
OPD4, 
Neomarke
rs 

I – III Electronic 
(Alphelys) - 
combined score of 
CD8 and CD45RO 
in 2 tumour regions 
(CT [IE+ST] and 
IM) 

Optim
al p-
value 

(IE+ST)
+IM 

67 vs 46 
vs 52 vs 
36 vs 14 

Y MV NA Unclear, 
5-years 
quoted 

Mlecnik et 
al 2011 

(validation) 

43 vs 31 
vs 30 vs 
17 vs 8 

Y MV 

Richards et 
al 2014†† 

Whole    CD8: 
M7103 
and 
CD45RO: 
M0742, 
Dako 

I – III Manual – combined 
score of CD8 and 
CD45RO in 2 
tumour regions (CT 
[IE+ST] and IM) 

Semiq
uantita
tive 

(IE+ST)
+IM 

58 vs 53 
vs 106 vs 
91 
 

Y UVe NA 115 
months 

Park et al 
2016†† 

Whole    CD3: VP-
RM01, 
Vector 
and CD8: 
M7103, 
Dako 

I – III Manual – combined 
score of CD3 and 
CD8 in 2 tumour 
regions (CT 
[IE+ST] and IM). 

Semiq
uantita
tive 

(IE+ST)
+IM 

32 vs 43 
vs 44 vs 
40 vs 87 

Not 
given 

 30 of 
205 

150 
months 

Immunoscore then 
split to 3 variables 
0-1/2-3/4 

32 vs 87 
vs 127 

Y MV 

Wirta et al 
2017 

TMA 4 0.6mm 2CT, 
2IM 

CD3: 
PS1, 
Novo-
castra and 
CD8: 
SP16, 
Thermo 
Scientific 

I – IV Electronic (Aperio) 
– combined score 
of CD3 and CD8 in 
2 tumour regions 
(CT [IE+ST] and 
IM) 

ROC 
Curve 

(IE+ST)
+IM 

140 vs 92 
vs 86 vs 
45 vs 54 

Y MVc 80 of 
417 

6 years 
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Nearchou 
et al 2019 

Whole    Fluoresce
nt anti-
bodies. 
CD3: 
A045201-
2, Dako 
and CD8: 
M7103, 
Dako 

II Electronic, (High-
Plex FL (2.0) and 
HALO Next-Gen). 
Combined score of 
CD3 and CD8 in 2 
tumour regions (CT 
[IE+ST] and IM). 
Immunoscore then 
dichotomised as 
 0-2/3-4 

Optim
al p-
value 

(IE+ST)
+IM 

92 vs 22 Y UVb NA Unclear, 
“max. 
11.5” 

aUnclear regarding MV due to methods bno MV given cindependent of MSI/TNM/etc  dNot independent of presence of metastases/age/lymphatic invasion  eNot 
independent of CD8/CD3 when assessed individually in cancer cell nests and tumour stroma   †same cohort used for Mlecnik et al 2011 training cohort as for Pagès 
et al 2009   ††Same cohort used by both   
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Table A1.11. Characteristics of studies assessing CD20 in colorectal cancer 

Study TMA 
or 
Whole 
section 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumou
r region 

Groups 
(overall or 
high to 
low) 

Signifi
cant 

UV 
or 

MV 

M
M
R 

Median 
follow up 

How 
many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Disease-free survival 
Bindea et al 
2013 

TMA 4 0.6mm 2x CT,  L26, Dako I – IV Electronic 
(Alphelys
) 

ROC 
curve 

IE+ST 107 overall 
(3 groups) 

Y MV NA Unclear, 
5-years 
quoted 1mm 2x IM 

Meshcheryak
ova et al 
2014 

Whole 
liver 
met 

   L26, 
Thermo 
Scientific/ 
E17-P, DB 
Biotech 

IV Electronic 
(Tissue-
Quest) 

Unclear IM 51 overall 
(2 groups) 

Y MV NA 50.2/ 32.2 
months 

Chen et al 
2016 

TMA 2 1mm Repres
entativ
e 

ZSGB-BIO I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

Y UVa NA 62.9 
months 

Overall survival 
Baeten et al 
2006 

Whole    Dako I – IV Manual Unclear IE 117 overall 
(2 groups) 

NS  NA 5.8 years 

Str 117 overall 
(2 groups) 

NS 

Semiquan
titative 

Semiqua
ntitative 

IM 117 overall 
(2 groups) 

NS 

Kasajima et 
al 2010 

TMA 3 1.5mm Repres
-
entativ
e 

Dako I – IV Manual Semiqua
ntitative 

IE+ST 3 vs 288 Y UVb NA 38.4 
months 

Meshcheryak
ova et al 
2014 

Whole 
liver 
met 

   L26, 
Thermo 
Scientific/ 

IV Electronic 
(Tissue-
Quest) 

Unclear IM 51 overall 
(2 groups) 

Y UV NA 50.2/ 32.2 
months 



376 
 

E17-P, DB 
Biotech 

Chen et al 
2016 

TMA 2 1mm Repres
entativ
e 

ZSGB-BIO I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+ST 300 overall 
(2 groups) 

NS  NA 62.9 
months 

Berntsson et 
al 2016 

TMA 2 1mm Repres
-
entativ
e 

L6, 
Ventana 

I – IV Manual Optimal 
p-value 

IE+ST 220 vs 322 Y MV 76 
of 
432 

5.97 years 

Li et al 2017 TMA 3 1cm Rando
m 

Thermo I – IV Electronic 
(Image-
pro Plus) 

Mean IE+ST 188 vs 186 Y UVa NA 33 
months 

IM 419 overall 
(2 groups) 

NS  

ano MV given   bnot independent of N-stage/M-stage/age (also numbers small in positive group)  
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Table A1.12. Characteristics of studies assessing CD56/57 in rectal and colorectal cancer 

Rectal cancer            

Study TMA 
or 
Whole 
sectio
n 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumou
r region 

Groups 
(overall or 
high to low) 

Signifi
cant 

UV 
or 

MV 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Overall survival 
Alderdice 
et al 2017 

TMA 2 1mm Random CD56: 
1B6 
Novo-
castra 

I – III 
(post 
nCRT) 

Electron
ic 

Arbitrary IE+ST 48 vs 101 Y MVa 0 of 
150 

72 
months 

Colorectal 
cancer 

           

Disease-free survival 
Coca et al 
1997 

Whole    CD57: 
IOT-10, 
Immuno
-tech 
SA 

I – III Manual Arbitrary IE+ST 25 vs 132 Y MV NA Unclear, 
5 years 
quoted 

Nagtegaal 
et al 2001 

Whole    CD56: 
CAM-
16, 
Becton 
Dickins
on 

II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage IV) 

Manual Unclear IE+ST 73 vs 57 NS  NA 35.4 
months 

IM 68 vs 68 NS 

Menon et al 
2004 

Whole    CD56: 
123C3, 
Zymed 

II – III Manual 75th %ile IE 23 vs 70 NS  6 of 90 6.1 
years Semiquan

titative 
ST 15 vs 29 vs 

16 
NS 
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IM 12 vs 16 vs 
62 

NS 

Whole    CD57: 
HNK-1, 
ATCC 

II – III Manual 75th %ile IE 23 vs 70 NS  6 of 90 6.1 
years Semiquan

titative 
ST 30 vs 0 vs 62 NS 
IM 10 vs 29 vs 

48 
Y MVb 

Tachibana 
et al 2005 

Whole    C15: 
Va24b, 
Immuno
-tech 
SA 

I – IV Manual Optimal 
p-value 

IE 65 vs 38 Y MVc NA 5.2 
years 

Liska et al 
2012 

Whole    CD57: 
NK1, 
Ventana 
 
 

I – IV Manual Unclear IE+ST 150 overall 
(2 groups) 

NS  NA Unclear, 
5-years 
display 

Overall survival 
Coca et al 
1997 

Whole    CD57: 
IOT-10, 
Immuno
-tech 
SA 

I – III Manual Arbitrary IE+ST 25 vs 132 Y MV NA Unclear, 
5 years 
quoted 

Nagtegaal 
et al 2001 

Whole    CD56: 
CAM-
16, 
Becton 
Dickins
on 

II – IV 
(160: 40 
Stage II, 
40 stage 
III, 80 
stage IV) 

Manual Unclear IE+ST 73 vs 57 NS  NA 35.4 
months 

IM 68 vs 68 NS 

Tachibana 
et al 2005 

Whole    C15: 
Va24a, 
Immu-

I – IV Manual Optimal 
p-value 

IE 65 vs 38 Y MVc NA 5.2 
years 
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notech 
SA 

Liska et al 
2012 

Whole    CD57: 
NK1, 
Ventana 

I – IV Manual Unclear IE+ST 150 overall 
(2 groups) 

Y UVd NA Unclear, 
5-years 
display 

aindependent of age/EMVI/TRG/stage  bindependent of CD8  cVa24 as a marker of NKT-cells. Independent of N-stage/M-stage/LVI   dno MV given 
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Table A1.13. Characteristics of studies assessing CD68/CD163/CD206 in colon and colorectal cancer 

Colon cancer            

Study TMA 
or 
Whole 
sectio
n 

If TMA … Anti-
bodies 
used 

Cohort 
assessed 
(stage) 

Measure-
ment 

Threshol
d 

Tum
our 
regio
n 

Groups 
(overall 
or high to 
low) 

Signi
fican

t 

UV 
or 
M
V 

Effec
t 

(+ve 
or -
ve) 

M
M
R 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Disease-free survival 
Herrera et al 
2013 

Whole    CD163: 
10D6, 
Novocastra 

I – IV Manual Lower 
tertile 

ST 157 vs 78 Y UV
a 

-ve NA 5 years 

Feng et al 
2019 
(exploratory) 

TMA 2 2mm Random CD68: 
KP1, 
Abcam 

II Electronic 
(Image 
Pro Plus) 

Optimum 
P-value 

ST 148 vs 
373 

NS   77 
of 
521 

69 
months 

CD206: 
5C11, 
Abcam 

102 vs 
419 

Y UV -ve 

Feng et al 
2019 
(validation) 

TMA 2 2mm Random CD68: 
KP1, 
Abcam 

II Electronic 
(Image 
Pro Plus) 

Optimum 
P-value 

ST 75 vs 239 NS   49 
of 
314 

55 
months 

CD206: 
5C11, 
Abcam 

73 vs 241 Y UV -ve 

Overall survival 
Herrera et al 
2013 

Whole    CD163: 
10D6, 
Novocastra 

I – IV Manual Lower 
tertile 

ST 157 vs 78 Y UV
a 

-ve NA 5 years 

Feng et al 
2019 
(exploratory) 

TMA 2 2mm Random CD68: 
KP1, 
Abcam 

II Electronic 
(Image 
Pro Plus) 

Optimum 
P-value 

ST 148 vs 
373 

NS   77 
of 
521 

69 
months 
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CD206: 
5C11, 
Abcam 

102 vs 
419 

Y UV -ve 

Feng et al 
2019 
(validation) 

TMA 2 2mm Random CD68: 
KP1, 
Abcam 

II Electronic 
(Image 
Pro Plus) 

Optimum 
P-value 

ST 75 vs 239 NS   49 
of 
314 

55 
months 

CD206: 
5C11, 
Abcam 

73 vs 241 Y UV -ve 

Colorectal cancer            

Disease-free survival 
Makkai-popa 
et al 2013 

Whole    CD68: 
Dako 

I – III Electronic 
(histo-
quest) 

Median IE+S
T 

27 overall 
(2 groups) 

NS   NA Unclear, 
36-
months 
display 

IM 27 overall 
(2 groups) 

NS 

Meshcheryak
ova et al 
2014 

Liver 
met 

   CD68: 
Thermo 

IV Electronic 
(histo-
quest) 

Unclear IM 51 overall  
(2 groups) 

NS   NA 50.2/32.
2 
months 

Väyrynen et 
al 2016 

TMA 1-4 3mm IM + 
CT 

CD68:  
PG-M1, 
Dako 

I – IV Electronic 
(Image J) 

ROC 
curve 

ST 147 
overall (2 
groups) 

NS   11 
of 
147 

51 
months 

IM 147 
overall (2 
groups) 

Y UV
b 

+ve 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

CD68: 
Thermo 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+S
T 

300 
overall (2 
groups) 

Y UV
a 

+ve NA 62.9 
months 

Shibutani et 
al 2017 

Whole    CD163: 
Leica 

II – III Manual Median IM 83 vs 85 Y M
V 

-ve NA Unclear, 
5-years 
display 
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Li et al 2018 TMA Unclea
r 

1.5mm Repres-
entative 

CD68: 
Dako 

I – IV Manual Mean IE+S
T 

216 
overall (2 
groups) 

NS   NA 60 
months 

Kim et al 
2018 

TMA 1 2mm IM CD68: 
Dako 

I – IV Electronic 
(Aperio) 

Median IE 259 vs 
259 

Y M
V 

-ve 44 
of 
488 

Unclear, 
80-
months 
display 

ST 327 vs 
327 

NS   

CD163: 
Leica 

IE 258 vs 
258 

NS 

ST 326 vs 
327 

NS 

Overall survival 
Lackner et al 
2004 

Whole    CD68: KP-
1, Dako 

II – III Manual Unclear IE 70 overall 
(groups 
unclear) 

NS   NA 81.9 
months IM Y M

V 
+ve 

Tan et al 
2005 

Whole    CD68: 
Zhongshan 
Bio Corp. 

I – IV Manual Mean IE+S
T 

29 vs 31 Y UV
a 

+ve NA Unclear, 
5 years 
quoted 

Baeten et al 
2006 

Whole    CD68: 
Dako 

I – IV Manual Unclear IE 117 
overall (2 
groups) 

NS   NA 5.8 
years 

IM 117 
overall (2 
groups) 

NS   

Nagorsen et 
al 2007 

Whole    CD163: 
10D6, 
Novo-
castra 

I – IV  Manual Median IE 40 overall 
(2 groups) 

NS   NA Unclear, 
5-years 
display ST 40 overall 

(2 groups) 
Y UV

a 
+ve 

Gulubova et 
al 2013 

Whole    CD68: PG-
M1, Dako 

I – IV  Manual 75th 
%ile 

ST 52 vs 158 NS   NA 39.5 
months IM 52 vs 158 Y UV

c 
+ve 
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Meshcheryak
ova et al 
2014 

Liver 
met 

   CD68: 
Thermo 

IV Electronic 
(histo-
quest) 

Unclear IM 51 overall  
(2 groups) 

NS   NA 50.2/32.
2 
months 

Chen et al 
2016 

TMA 2 1mm Repres-
entative 

CD68: 
Thermo 

I – IV Electronic 
(TMAJ, 
JHU) 

ROC 
curve 

IE+S
T 

300 
overall (2 
groups) 

Y UV
c 

+ve NA 62.9 
months 

Väyrynen et 
al 2016 

TMA 1-4 3mm IM + 
CT 

CD68: 
PG-M1, 
Dako 

I – IV Electronic 
(Image J) 

ROC 
curve 

ST 147 
overall (2 
groups) 

NS   11 
of 
147 

51 
months 

IM 147 
overall (2 
groups) 

NS 

Koelzer et al 
2016 

TMA 8 0.6mm 3xCT; 
3xIM; 
2x bud 

CD68: 
KP1, dako 

I – IV  Manual Mean IE 38 vs 163 Y M
V 

+ve 13 
of 
203 

Unclear, 
5-years 
display ST 76 vs 125 Y M

V 
+ve 

CD163: 
10D6, 
Novocastra 

ST 53 vs 84 NS   

Shibutani et 
al 2017 

Whole    CD163: 
Leica 

II – III Manual Median IM 83 vs 85 Y M
V 

-ve NA Unclear, 
5-years 
display 

Li et al 2017 TMA 3 10mm Random CD68: 
Dako 

I – IV  Electronic 
(Image-
pro Plus) 

Unclear  IE+S
T 

419 
overall (2 
groups) 

NS   NA 33 
months 

IM 199 vs 
208 

Y UV
a 

+ve 

Li et al 2018 TMA Unclea
r 

1.5mm Repres-
entative 

CD68: 
Dako 

I – IV Manual Mean IE+S
T 

216 
overall (2 
groups) 

NS   NA 60 
months 



384 
 

Ding et al 
2018 

Whole    CD163: 
Santa Cruz 
Biotech. 

I – IV  Electronic 
(Image 
Pro Plus) 

ROC-
curve 

IE+S
T 

36 vs 37 Y UV -ve NA Unclear, 
30-
months 
display 

Kim et al 
2018 

TMA 1 2mm IM CD68: 
Dako 

I – IV Electronic 
(Aperio) 

Median IE 259 vs 
259 

Y UV
d 

-ve 44 
of 
488 

Unclear, 
80-
months 
display 

ST 327 vs 
327 

NS  

CD163: 
Leica 

IE 258 vs 
258 

NS  

ST 326 vs 
327 

NS  

Disease-specific survival 
Oberg et al 
2002 

Whole    CD68: PG-
M1, Dako 

III Manual Arbitrary ST 31 vs 59 Y UV
a 

+ve NA 62 
months 

Funada et al 
2003 

Whole    CD68: 
KP1, Dako 

I – IV  Manual Mean IM 40 vs 57 NS   NA Unclear, 
5-years 
quoted 

Forssell et al 
2007† 

Whole    CD68: KP-
1, Dako 

I – IV  Manual Semiquan
titative 

IM 61 vs 264 
vs 135 vs 
18 

Y M
V 

+ve NA Unclear, 
10-years 
display 

Zlobec et al 
2011 

Whole    CD68: PG-
M1, Dako 

I – III Manual Quartiles 
(top 2 
combined
) 

IM 297 
overall  
(3 groups) 

Y M
V 

+ve 104 
of 
295 

Unclear, 
10-years 
display 

Edin et al 
2012† 

Whole    CD163: 
Novo-
castra 

I – IV  Manual Semiquan
titative 

IM 128 vs 
340 

Y UV
e 

+ve 72 
of 
453 

Unclear, 
>5-years 
display 

Algars et al 
2012 

TMA Unclea
r 

1.2mm Repres-
entative 

CD68:  
Abcam 

II – I V Manual Semiquan
titative 

ST 47 vs 55 
vs 43 

Y UV
f 

+ve NA 66.2 
months 
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Väyrynen et 
al 2016 

TMA 1-4 3mm IM + 
CT 

CD68: PG-
M1, Dako 

I – IV Electronic 
(Image J) 

ROC 
curve 

ST 147 
overall ( 2 
groups) 

NS   11 
of 
147 

51 
months 

IM 147 
overall (2 
groups) 

Y UV
b 

+ve 

aNo MV given   bnot independent of CD3/MMR/CD83   cnot independent of VELIPI/mets/age  dnot independent of CD3 
eNot independent of age/gender/tumour localisation/stage  fNot independent of stage     †Same population, different marker 
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Appendix 2. Supplementary tables comparing the relationship between individual EMT markers and clinicopathological variables 
Table A2.1. Associations of clinicopathological variables with EMT marker E-cadherin in stage II-III colorectal cancer (N=238) 
 

Clinicopathological 
characteristics 

 Membrane E-cadherin Cytoplasmic E-cadherin Nuclear E-cadherin 
 

 

  Low (n=28) 
N (%)a 

High (n=210) 
N (%) 

Low (n=140) 
N (%)a 

High (n=98) 
N (%) 

Low (n=220) 
N (%) 

High (n=18) 
N (%) 

Pearson 
X2 

Age               

≤64 60   (25) 6 (21) 54 (26) 31 (22) 29 (30) 55    (25) 5    (28) 0.82 m 
65-74 76   (32) 12  (43) 64  (31) 48  (34) 28  (29) 70    (32) 6    (33) 0.39 c 
≥75 102 (43) 10  (36) 92  (44) 61  (44) 41  (42) 95    (43) 7    (39) -b 

Gender               

Female 127 (53) 18    (64) 109 (52) 75    (54) 52 (53) 119  (54) 8    (44) 0.21 m 
Male 111 (47) 10 (36) 101 (48) 65 (46) 46 (47) 101 (46) 10 (56) 0.94 c 

Presentation              0.43 

Elective 168 (71) 22    (79) 146 (70) 101    (72) 67 (68) 156 (71) 12    (67) 0.32 m 
Emergency 70   (29) 6  (21) 64 (31) 39  (28) 31 (32) 64    (29) 6    (33) 0.53 c 

TNM              0.70 

I-II (low-risk) 127 (53) 17    (61) 110     (52) 79    (56) 48     (49) 114  (52) 13     (72) 0.41 m 
II-III (high-risk) 111 (47) 11  (39) 100   (48) 61  (44) 50     (51) 106   (48) 5    (18) 0.25 c 

T-stage              -b 
I 1      (1) 0     (0) 1  (1) 1    (1) 0 (0) 1   (1) 0    (0) -b 
II 8      (3) 0  (0) 8   (4) 4 (3) 4  (4) 8     (4) 0    (0) -b 
III 159 (67) 16  (57) 143  (68) 90  (64) 69  (70) 149    (68) 10    (56) -b 
IV 70   (29) 12    (43) 58  (28) 45    (32) 25  (26) 62    (28) 8    (44)  

N-stage               

0 147 (62) 19 (68) 128 (61) 88 (63) 59 (60) 132 (60) 15 (83) 0.70 m 
I 60   (25) 5     (18) 55 (26) 35     (25) 25  (26) 57 (26) 3    (17) 0.61 c 
II 31   (13) 4     (14) 27  (13) 17     (12) 14  (14) 31  (14) 0    (0) -b 

Site               

Colon 201 (85) 23   (82) 178    (85) 125    (89) 76    (78) 185    (84) 16    (89) -b 
Rectum 37   (15) 5  (18) 32 (15) 15 (11) 22  (22) 35  (16) 2   (11) 0.14 c 

Differentiation              -b 
Well/mod 206 (87) 20    (71) 186 (89) 117   (84) 89 (91) 188 (86) 18     (100) 0.12 m 
Poor 32   (13) 8 (29) 24  (11) 23 (16) 9  (9) 32 (15) 0 (0) 0.11 c 
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Venous invasion              -b 
Absent 156 (66) 17 (61) 139     (66) 96 (69) 60     (61) 143     (65) 13     (72) 0.56 m 
Present 82   (34) 11  (39) 71 (34) 44  (31) 38 (39) 77 (35) 5 (28) 0.24 c 

Tumour budding              -b 
Present 173 (73) 20  (71) 153  (73) 106   (76) 67  (68) 160  (73) 13 (72) 0.87 m 
Absent 65   (27) 8 (29) 27 (27) 34 (24) 31 (32) 60 (27) 5 (28) 0.21 c 

MMR              -b 
Proficient 192 (81) 18 (64) 174  (83) 106    (76) 86  (76) 177  (81) 15 (83) 0.19 m 
Deficient 46   (19) 10 (36) 36 (17) 34 (24) 12 (24) 43 (19) 3 (17) 0.21 c 

Tumour perforation              -b 
No 221 (93) 26    (93) 195  (93) 133    (95) 88  (90) 206  (94) 15 (83) -b 
Yes 17    (7) 2 (7) 15 (7) 7 (5) 10 (10) 14  (6) 3 (17) 0.46 c 

Peritoneal involvement              -b 
No 167 (70) 16    (57) 151  (72) 95    (68) 72  (74) 157  (71) 10 (56) 0.10 m 
Yes 71   (30) 12 (43) 59 (28) 45 (32) 26 (27) 63 (29) 8 (44) 0.35 c 

GMS              0.16 

0 61   (26) 9 (32) 52 (25) 38 (27) 23 (24) 55 (25) 6 (33) 0.33 m 
1 133 (56) 12     (43) 121  (58) 76     (54) 57  (58) 122  (56) 11    (61) 0.80 c 
2 44   (18) 7     (25) 18 (18) 26     (19) 18  (19) 43 (20) 1    (6) -b 

Modified GPS               

0 83 (53) 10 (56) 73 (53) 45 (50) 38 (59) 77 (53) 6 (67) -b 
1 37 (24) 6     (33) 31  (23) 23     (25) 14  (22) 35  (24) 2    (22) 0.45 c 
2 35 (23) 2     (11) 33  (24) 23     (25) 12  (19) 34  (23) 1    (11) -b 

 

apercentages rounded to nearest whole number and may not total 100%;  

bfor cells where n<6, Pearson X2 analysis was not performed;  

Bold indicates significant result;  

mmembrane locus;  

ccytoplasmic locus; 

nnuclear locus        
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Table A2.2. Associations of clinicopathological variables with EMT marker B-catenin in stage II-III colorectal cancer (N=238) 
 

Clinicopathological 
characteristics 

 

 Membrane B-catenin Cytoplasmic B-catenin Nuclear B-catenin 
 

 

  Low (n=28) 
N (%)a 

High (n=210) 
N (%) 

Low (n=146) 
N (%)a 

High (n=92) 
N (%) 

Low (n=96) 
N (%) 

High (n=142) 
N (%) 

Pearson 
X2 

Age               

≤64 60   (25) 5 (18) 55 (26) 41 (28) 19 (21) 26   (27) 34    (24) 0.61 m 
65-74 76   (32) 11  (39) 65  (31) 50  (34) 26  (28) 30    (31) 46   (32) 0.05 c 
≥75 102 (43) 12  (43) 90  (43) 55  (38) 47  (51) 40    (42) 62   (44) 0.63 

Gender               

Female 127 (53) 17    (61) 110 (52) 84    (58) 43 (47) 58  (60) 69    (49) 0.41 m 
Male 111 (47) 11 (39) 100 (48) 62 (42) 49 (53) 38 (40) 73 (51) 0.10 c 

Presentation              0.07 

Elective 168 (71) 20 (71) 148 (71) 103    (71) 65 (71) 70 (73) 98    (69) 0.92 m 
Emergency 70   (29) 8 (29) 62 (30) 43 (30) 27 (29) 26    (27) 44   (31) 0.99 c 

TNM              0.52 

I-II (low-risk) 127 (53) 19    (68) 108     (51) 81    (56) 46     (50) 53  (55) 74     (52) 0.10 m 
II-III (high-risk) 111 (47) 9  (32) 102   (49) 65  (44) 46     (50) 43   (45) 68   (48) 0.41 c 

T-stage              0.64 

I 1      (1) 0     (0) 1  (1) 1    (1) 0 (0) 1   (1) 0    (0) -b 
II 8      (3) 0  (0) 8   (4) 3 (2) 5  (5) 3     (3) 5    (4) -b 
III 159 (67) 15  (54) 144  (69) 99 (68) 60  (65) 66    (69) 93    (66) -b 
IV 70   (29) 13    (46) 57  (27) 43    (30) 27  (29) 26    (27) 44   (31)  

N-stage               

0 147 (62) 22 (79) 125 (60) 93 (64) 54 (59) 58 (60) 89 (63) -b 
I 60   (25) 3   (11) 57 (27) 34     (23) 26  (28) 25 (26) 35   (25) 0.60 c 
II 31   (13) 3     (11) 28  (13) 19     (13) 12  (13) 13  (14) 18   (13) 0.74 

Site               

Colon 201 (85) 24  (86) 177  (84) 126    (86) 75    (82) 87   (91) 114    (80) -b 
Rectum 37   (15) 4 (14) 33 (16) 20 (14) 17  (19) 9   (9) 28 (20) 0.32 c 

Differentiation              0.03 

Well/mod 206 (87) 22    (79) 184 (88) 121   (83) 85 (92) 76 (79) 130     (92) 0.19 m 
Poor 32   (13) 6 (21) 26 (12) 25 (17) 7 (8) 20 (21) 12 (9) 0.03 c 

Venous invasion              <0.01 

Absent 156 (66) 21 (75) 135     (64) 95 (65) 61     (66) 63   (66) 93     (66) 0.26 m 
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Present 82   (34) 7  (25) 75 (26) 51  (35) 31 (34) 33 (34) 49 (35) 0.85 c 
Tumour budding              0.98 

Present 173 (73) 17 (61) 156  (74) 107   (73) 66  (72) 71  (74) 102 (72) 0.13 m 
Absent 65   (27) 11 (39) 54 (26) 39 (27) 26 (28) 25 (26) 40 (28) 0.79 c 

MMR              0.72 

Proficient 192 (81) 16 (57) 176  (84) 107    (73) 85  (92) 61  (64) 131 (92) <0.001 m 
Deficient 46   (19) 12 (43) 34 (16) 39 (27) 7 (8) 35 (36) 11 (8) <0.001 c 

Tumour perforation              <0.001 

No 221 (93) 25    (89) 196  (93) 137    (94) 84  (91) 91  (95) 130 (92) -b 
Yes 17    (7) 3 (11) 14 (7) 9 (6) 8 (9) 5  (5) 12 (8) 0.46 c 

Peritoneal 
involvement 

  
 

 
 

    
    -b 

No 167 (70) 15    (54) 152  (72) 101    (69) 66  (72) 70  (73) 97 (68) 0.04 m 
Yes 71   (30) 13 (46) 58 (28) 45 (31) 26 (28) 26 (27) 45 (32) 0.67 c 

GMS 
 

  
 

 
 

    
    0.45 

0 61   (26) 12 (43) 49 (23) 36 (25) 25 (27) 32 (33) 29 (20) 0.22 m 
1 133 (56) 10     (36) 123  (59) 81     (56) 52  (57) 50  (52) 83    (59) 0.49 c 
2 44   (18) 6     (21) 38 (18) 29     (20) 15  (16) 14 (15) 30   (21) 0.03 

Modified GPS               

0 83 (53) 6 (32) 77 (57) 49 (49) 34 (62) 32 (47) 51 (59) -b 
1 37 (24) 10     (53) 27  (20) 25     (25) 12  (22) 19  (28) 18   (21) 0.10 c 
2 35 (23) 3   (16) 32  (24) 26     (26) 9  (16) 17  (25) 18   (21) 0.23 

 

apercentages rounded to nearest whole number and may not total 100%;  

bfor cells where n<6, Pearson X2 analysis was not performed;  

Bold indicates significant result;  

mmembrane locus;  

ccytoplasmic locus;  

nnuclear locus        
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Table A2.3. Associations of clinicopathological variables with EMT marker Fascin in stage II-III colorectal cancer (N=238) 
 

Clinicopathological 
characteristics 

 

 Membrane Fascin Cytoplasmic Fascin Nuclear Fascin 
 

 

  Low (n=171) 
N (%)a 

High (n=67) 
N (%) 

Low (n=31) 
N (%)a 

High (n=207) 
N (%) 

Low (n=159) 
N (%) 

High (n=79) 
N (%) 

Pearson 
X2 

Age               

≤64 60   (25) 47    (28) 13    (19) 5 (16) 55 (27) 44  (28) 16   (20) 0.15 m 
65-74 76   (32) 55    (32) 21  (31) 9  (29) 67  (32) 51    (32) 25   (32) -b c 
≥75 102 (43) 69    (40) 33  (49) 17  (55) 85  (41) 64    (40) 38   (48) 0.17 n 

Gender               

Female 127 (53) 89  (52) 38    (57) 17 (55) 110 (53) 81  (51) 46    (58) 0.52 m 
Male 111 (47) 82 (48) 29 (43) 14 (45) 97 (47) 78 (49) 33 (42) 0.86 c 

Presentation              0.29 n 
Elective 168 (71) 121 (71) 47    (70) 20  (65) 148 (72) 112 (70) 56    (71) 0.93 m 
Emergency 70   (29) 50  (29) 20  (30) 11 (36) 59 (29) 47  (30) 23 (29) 0.43 c 

TNM              0.94 n 
I-II (low-risk) 127 (53) 94 (55) 33     (55) 17 (55) 110     (53) 90  (57) 37     (47) 0.43 m 
II-III (high-risk) 111 (47) 77   (45) 34 (45) 14  (45) 97   (47) 69   (43) 42   (53) 0.86 c 

T-stage              0.16 n 
I 1      (1) 1   (1) 0    (0) 0     (0) 1  (1) 1   (1) 0    (0) -b m 
II 8      (3) 5    (3) 3    (3) 1  (3) 7   (3) 5    (3) 3    (4) -b c 
III 159 (67) 121   (71) 38    (57) 20  (65) 139  (67) 112 (70) 47  (60) -b n 
IV 70   (29) 44 (26) 26 (39) 10 (32) 60 (29) 41  (26) 29   (37)  

N-stage               

0 147 (62) 107 (63) 40 (60) 18 (58) 129 (62) 104 (65) 43 (54) 0.35 m 
I 60   (25) 45 (26) 15  (22) 11    (36) 49 (24) 38 (24) 22   (28) -b c 
II 31   (13) 19  (11) 12  (18) 2    (7) 29  (14) 17  (11) 14   (18) 0.07 n 

Site               

Colon 201 (85) 147    (86) 54    (81) 26  (84) 175    (85) 137    (86) 64    (81) 0.30 m 
Rectum 37   (15) 24 (14) 13 (19) 5 (16) 32 (16) 22 (14) 15  (19) -b c 

Differentiation              0.30 n 
Well/mod 206 (87) 151 (88) 55     (82) 31  (100) 175 (85) 143 (90) 63     (80) 0.21 m 
Poor 32   (13) 20 (12) 12 (18) 0 (0) 32 (16) 16 (10) 16 (20) -b c  

Venous invasion              0.03 n 
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Absent 156 (66) 109   (64) 47     (70) 23 (74) 133     (64) 100     (63) 56     (71) 0.35 m 
Present 82   (34) 62 (36) 20 (30) 8  (26) 74 (36) 59 (37) 23 (29) 0.28 c 

Tumour budding              0.22 n 
Present 173 (73) 125 (73) 48 (72) 20  (65) 153  (74) 118  (74) 55 (70) 0.82 m 
Absent 65   (27) 46 (27) 19 (28) 11 (36) 54 (26) 41 (26) 24 (30) 0.27 c 

MMR              0.45 n 
Proficient 192 (81) 139 (81) 53 (79) 24 (77) 168  (81) 129  (81) 63 (80) 0.70 m 
Deficient 46   (19) 32 (19) 14 (21) 7 (23) 39 (19) 30 (19) 16 (20) 0.62 c 

Tumour perforation              0.80 n 
No 221 (93) 160 (94) 61 (91) 30  (97) 191  (92) 150  (94) 71 (90) 0.50 m 
Yes 17    (7) 11  (6) 6 (9) 1 (3) 16 (8) 9  (6) 8 (10) -b c 

Peritoneal 
involvement 

         
    0.21 n 

No 167 (70) 127 (74) 40 (60) 21    (68) 146  (71) 117  (74) 50 (63) 0.03 m 
Yes 71   (30) 44 (26) 27 (40) 10 (32) 61 (30) 42 (26) 29 (37) 0.75 c 

GMS 
 

         
    0.10 n 

0 61   (26) 50 (29) 11 (16) 10 (32) 51 (25) 43 (27) 18 (23) 0.21 m 
1 133 (56) 89  (52) 44    (66) 12     (39) 121  (59) 87  (55) 46    (58) 0.72 c 
2 44   (18) 32 (19) 12  (18) 9    (29) 35 (17) 29 (18) 15   (19) 0.58 n 

Modified GPS               

0 83 (53) 65 (56) 18 (47) 9 (39) 74 (56) 59 (54) 24 (53) 0.44 m 
1 37 (24) 25  (21) 12  (32) 10     (44) 27  (21) 26  (24) 11   (24) 0.56 c 
2 35 (23) 27  (23) 8  (21) 4    (17) 31  (24) 25  (22) 10   (22) 0.99 n 

 

apercentages rounded to nearest whole number and may not total 100%; 

bfor cells where n<6, Pearson X2 analysis was not performed;  

Bold indicates significant result;  

mmembrane locus; 

ccytoplasmic locus;  

nnuclear locus  
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Table A2.4. Associations of clinicopathological variables with EMT marker Snail in stage II-III colorectal cancer (N=238) 
 

Clinicopathological 
characteristics 

 

 Membrane Snail Cytoplasmic Snail Nuclear Snail 
 

 

  Low (n=46) 
N (%)a 

High (n=192) 
N (%) 

Low (n=56) 
N (%)a 

High (n=182) 
N (%) 

Low (n=55) 
N (%) 

High (n=183) 
N (%) 

Pearson 
X2 

Age               

≤64 60   (25) 8 (17) 52 (27) 16   (29) 44    (24) 13 (24) 47    (26) 0.07 m 
65-74 76   (32) 13  (28) 63  (33) 13   (23) 63 (35) 19  (35) 57    (31) 0.83 c 
≥75 102 (43) 25  (54) 77  (40) 27 (48) 75 (41) 23  (42) 79    (43) 0.96 n 

Gender               

Female 127 (53) 24    (52) 103 (54) 33 (59) 94  (52) 26    (47) 101  (55) 0.86 m 
Male 111 (47) 22 (48) 89 (46) 23 (41) 88 (48) 29 (53) 82 (45) 0.34 c 

Presentation              0.30 n 
Elective 168 (71) 30 (65) 138 (72) 39 (70) 129 (71) 38 (69) 130 (71) 0.37 m 
Emergency 70   (29) 16 (35) 54 (28) 17   (30) 53   (29) 17  (31) 53   (29) 0.86 c 

TNM              0.78 n 
I-II (low-risk) 127 (53) 22 (48) 105     (55) 32 (57) 95  (52) 30 (55) 97  (53) 0.40 m 
II-III (high-risk) 111 (47) 24  (52) 87   (45) 24   (43) 87   (48) 25  (45) 86   (47) 0.52 c 

T-stage              0.84 n 
I 1      (1) 0     (0) 1  (1) 0    (0) 1   (1) 0    (0) 1   (1) -b m 
II 8      (3) 0  (0) 8   (4) 1    (2) 7     (4) 1    (2) 7     (4) -b c 
III 159 (67) 28 (57) 131  (68) 38    (68) 121    (67) 33    (60) 126    (69) -b n 
IV 70   (29) 18    (43) 52 (27) 17   (30) 53   (29) 21  (38) 49   (27)  

N-stage               

0 147 (62) 27 (59) 120 (63) 35 (63) 112 (62) 36 (66) 111 (61) 0.31 m 
I 60   (25) 10   (22) 50 (26) 15   (27) 45 (25) 11  (20) 27 (27) 0.72 c 
II 31   (13) 9   (20) 22  (12) 6   (11) 25  (14) 8  (15) 13  (13) 0.80 n 

Site               

Colon 201 (85) 43 (91) 159    (83) 46    (82) 155    (85) 47 (86) 154    (84) -b m 
Rectum 37   (15) 4 (9) 33 (17) 10  (18) 27 (15) 8 (15) 29 (16) 0.59 c 

Differentiation              0.81 n 
Well/mod 206 (87) 41    (89) 165 (86) 51     (91) 155 (85) 46     (84) 160 (87) -b m 
Poor 32   (13) 5 (11) 27 (14) 5 (9) 27 (27) 9 (16) 12 (13) -b c 

Venous invasion              0.47 n 



393 
 

Absent 156 (66) 30 (65) 126     (66) 37    (66) 119     (65) 40 (73) 116     (63) 0.96 m 
Present 82   (34) 16  (35) 66 (34) 19 (34) 63 (35) 15 (27) 67 (37) 0.93 c 

Tumour budding              0.20 n 
Present 173 (73) 32 (70) 141  (73) 36 (64) 137  (75) 36 (66) 137  (75) 0.60 m 
Absent 65   (27) 14 (30) 51 (27) 20 (36) 45 (25) 19 (35) 46 (25) 0.11 c 

MMR              0.17 n 
Proficient 192 (81) 39 (85) 153  (80) 45 (80) 147  (81) 44 (80) 148  (81) 0.43 m 
Deficient 46   (19) 7 (15) 39 (20) 11 (20) 35 (19) 11 (20) 35 (19) 0.95 c 

Tumour perforation              0.89 n 
No 221 (93) 42 (91) 179  (93) 53 (95) 168  (92) 50 (91) 171  (93) -b m 
Yes 17    (7) 4 (9) 13 (7) 3 (5) 14  (8) 5 (9) 12  (7) -b c 

Peritoneal 
involvement 

  
 

 
 

        -b n 

No 167 (70) 28 (61) 139  (72) 39 (70) 128  (70) 34 (62) 133  (73) 0.13 m 
Yes 71   (30) 18 (39) 53 (28) 17 (30) 54 (30) 21 (38) 50 (27) 0.92 c 

 
GMS 

  
 

 
 

        0.12 n 

0 61   (26) 11 (24) 50 (26) 17 (30) 44 (24) 13 (24) 48 (26) 0.29 m 
1 133 (56) 23     (50) 110  (57) 27    (48) 106 (58) 28    (51) 105  (57) 0.82 c 
2 44   (18) 12   (26) 32 (17) 12   (21) 32 (18) 14  (26) 30 (16) 0.25 n 

Modified GPS               

0 83 (53) 17 (49) 66 (55) 26 (54) 57 (53) 21 (50) 62 (55) 0.84 m 
1 37 (24) 11   (31) 26  (22) 15   (31) 22  (21) 13  (31) 24  (21) 0.38 c 
2 35 (23) 7   (20) 28  (23) 17 (15) 28  (26) 8  (19) 24  (24) 0.99 n 

 

apercentages rounded to nearest whole number and may not total 100%;  

bfor cells where n<6, Pearson X2 analysis was not performed;  

Bold indicates significant result;  

mmembrane locus;  

ccytoplasmic locus;  

nnuclear locus  
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Table A2.5. Associations of clinicopathological variables with EMT marker Zeb1 in stage II-III colorectal cancer (N=238) 
 

Clinicopathological 
characteristics 

 

 Membrane Zeb1 Cytoplasmic Zeb1 Nuclear Zeb1 
 

 

  Low (n=74) 
N (%)a 

High (n=164) 
N (%) 

Low (n=195) 
N (%)a 

High (n=43) 
N (%) 

Low (n=26) 
N (%) 

High (n=212) 
N (%) 

Pearson 
X2 

Age               

≤64 60   (25) 12   (16) 48    (29) 47 (24) 13   (30) 8 (31) 52 (25) 0.12 m 
65-74 76   (32) 28  (28) 48    (29) 62    (32) 14   (33) 8 (31) 68  (32) 0.34 c 
≥75 102 (43) 34  (46) 68    (42) 86    (44) 16   (37) 10  (39) 92  (43) 0.51 n 

Gender               

Female 127 (53) 43 (58) 84  (51) 104 (53) 23    (54) 18 (69) 109 (51) 0.32 m 
Male 111 (47) 31 (42) 80 (49) 91 (47) 20 (47) 8 (31) 49 (49) 0.99 c 

Presentation              0.09 n 
Elective 168 (71) 58 (78) 110 (67) 139 (71) 29 (67) 20  (77) 148 (70) 0.08 m 
Emergency 70   (29) 16  (32) 54  (33) 56   (29) 14   (33) 6 (33) 64 (30) 0.62 c 

TNM              0.45 n 
I-II (low-risk) 127 (53) 43 (58) 84  (51) 99 (51) 28     (65) 13 (50) 114     (54) 0.32 m 
II-III (high-risk) 111 (47) 31  (42) 80   (49) 96   (49) 15   (35) 13  (50) 98  (46) 0.09 c 

T-stage              0.72 n 
I 1      (1) 1 (1) 0   (0) 1   (1) 0    (0) 1     (4) 0  (0) -b m 
II 8      (3) 1    (1) 7   (4) 6    (3) 2    (5) 0  (0) 8   (4) -b c 
III 159 (67) 48    (65) 111 (68) 128    (66) 31    (72) 16  (62) 143  (68) -b n 
IV 70   (29) 24  (32) 46  (28) 60   (31) 10   (23) 9 (35) 31 (29)  

N-stage               

0 147 (62) 50 (68) 97 (59) 118 (61) 29 (67) 16 (62) 131 (62) 0.18 m 
I 60   (25) 17   (23) 43 (26) 48 (25) 12   (28) 10    (39) 50 (24) -b c 
II 31   (13) 7  (10) 24  (15) 29  (15) 2   (5) 0  (0) 31  (15) -b n 

Site               

Colon 201 (85) 63 (85) 138    (84) 165 (85) 36   (84) 23 (89) 178    (84) 0.85 m 
Rectum 37   (15) 11 (15) 26 (16) 30 (15) 7  (16) 3 (11) 34 (16) 0.88 c 

Differentiation              -b n 
Well/mod 206 (87) 63 (85) 143 (87) 166 (85) 40     (93) 21  (81) 185 (87) 0.67 m 
Poor 32   (13) 11 (15) 21 (13) 29 (15) 3 (7) 5 (19) 27 (13) -b c 

Venous invasion              -b n 
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Absent 156 (66) 49 (66) 107     (65) 122     (63) 34  (79) 17 (65) 139    (66) 0.88 m 
Present 82   (34) 25 (34) 57 (35) 73 (37) 9 (21) 9 (35) 73 (34) 0.04 c 

Tumour budding              0.99 n 
Present 173 (73) 54 (73) 119  (73) 140 (72) 33 (77) 15 (58) 158  (75) 0.95 m 
Absent 65   (27) 20 (27) 45 (27) 55 (28) 10 (23) 11 (42) 54 (25) 0.51 c 

MMR              0.07 n 
Proficient 192 (81) 57 (77) 135  (82) 157 (81) 35 (81) 19 (73) 173  (82) 0.34 m 
Deficient 46   (19) 17 (23) 29 (18) 38 (20) 8 (19) 7 (27) 39 (18) 0.89 c 

Tumour perforation              0.30 n 
No 221 (93) 71 (96) 150  (92) 180  (92) 41 (95) 24  (92) 197  (93) -b m 
Yes 17    (7) 3 (4) 14  (9) 15  (8) 2 (5) 2 (8) 15 (7) -b c 

Peritoneal 
involvement 

          
 

 
 

-b n 

No 167 (70) 50 (68) 117  (71) 133 (68) 34 (79) 17 (65) 150  (71) 0.56 m 
Yes 71   (30) 24 (32) 47 (29) 62 (32) 9 (21) 9 (35) 62 (29) 0.16 c 

 
GMS 

          
 

 
 

0.57 n 

0 61   (26) 17 (23) 44 (27) 47 (24) 14 (33) 9 (35) 52 (25) 0.82 m 
1 133 (56) 43    (58) 90  (55) 109  (56) 24    (56) 14     (54) 119  (56) -b c 
2 44   (18) 15  (19) 30 (18) 39 (20) 5   (12) 3  (12) 41 (19) -b n 

Modified GPS               

0 83 (53) 31 (56) 52 (52) 67 (53) 16 (57) 11 (52) 72 (54) 0.42 m 
1 37 (24) 14  (26) 23  (23) 32  (25) 5   (18) 7     (33) 30  (22) -b c 
2 35 (23) 10  (18) 25  (25) 28  (22) 7    (25) 3    (14) 32  (24) -b n 

 

apercentages rounded to nearest whole number and may not total 100%;  

bfor cells where n<6, Pearson X2 analysis was not performed;  

Bold indicates significant result;  

mmembrane locus;  

ccytoplasmic locus;  

nnuclear locus        
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Appendix 3. Tables representing data mined from papers in systematic review of PDCD1/CD274 (Chapter 7) and prognosis in 

colorectal cancer. 

Table A3.1. Summary of tables, cell markers assessed and methodology 

First author, 
year (ref) 

Colon (C) 
Rectal (R) 
Colorectal 

(CR) 

Section 
assessed 

Threshold Marker 
assessed 

Anti-body Blind
-ing 

Membran
e or 

Cytoplasm 

Adjustment variables Sample 
size 

Surv-
ival  

Tumour infiltrating lymphocytes 
Berntsson 2018 CR TMA 

1mm 
Manual counts of 
positive TILs 
(threshold 10% or 
ROC for absolute 
PDCD1) 

CD274 
 
PDCD1 

Cell Signalling 
(1:200) 
Abcam (1:50) 

Y  Age, Sex, TNM, tumour grade, VI 557 OS 

Calik 2019 CR Whole Manual counts 
TILs 
(threshold >5%) 

CD274 
 

Master 
diagnostic 
(dilutions not 
specified) 

N  Intratumoural CD8, CD8 at IM, 
CD274 on tumour 

157 DFS 

D’Alterio 2016 CR CRLM 
(whole) 

Stromal CD274 
(>15% threshold) 
TILs PDCD1 
(manual counts, 
Unclear Threshold) 

CD274 
 
 
 
PDCD1 

Dr Lieping 
Chen’s lab and 
Spring 
Bioscience 
Ventana 

Y  Age, sex, number of metastases, 
KRAS, CXCR4, CXCR7, CD274 
mRNA 

33 PFS 
CSS 

Droeser 2013 CR TMA 
0.6mm 

Semiquantitative 
(strong vs 
low/absent) 

PDCD1 R&D systems 
(dilutions not 
specified) 

Y  Age, sex, T-stage, N-stage, tumour 
grade, VI, pattern of invasion, 
MMR status 

423 OS 

Enkhbat 2018 CR Whole >20% T-cells PDCD1 R&D systems 
(1:40) 

Y  Age, sex, tumour grade, T-stage, 
TNM (stage III), VI, LI, colonic 

116 DFS 
OS 
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site (left/right), tumour diameter, 
PDCD1 tumour 

Hecht 2016 R Biopsy 
and TMA 
1.6mm 

Semiquantitative 
and percentage 
max staining cells 
(median threshold) 

CD274 Cell Signalling 
(1:100) 

Y  Age, sex, T-stage, N-stage, M-
stage, TNM, Grade 

199 DFS 
OS 

Ho et al 2019 CR TMA 
(unclear) 

Semiquantitative in 
Stroma and counts 
in intra-epithelial 

CD274 Dako (dilutions 
not specified) 

Y  T-stage, TNM, tumour grade, 
colonic site, LVI, MSI, tumour 
CD274 

238 OS 

Huang 2018 R Biopsy  >1% immune cells PDCD1 Abcam 
(dilutions not 
specified) 

Y  Age, sex, N-stage, neo-adjuvant 
response, TRG, cyto-HMGB1 

89 DFS 

Koganemura 2017 CR Whole >5% immune cells CD274 Spring 
Bioscience 
(dilutions not 
specified) 
 

N  Age, sex, colonic site, tumour 
grade, CD8, adjuvant therapy, 
CD274 on tumour 

235 DFS 

Ledys 2018 CR Whole 
liver met 

>5% immune cells CD274 Roche (pre-
diluted) 

N Any Age, sex, adjuvant therapy, KRAS, 
BRAF, colonic site, CD8, HLA 

114 OS 
PFS 

Lee 2016 CR TMA 
0.6mm 

>1.43 TILs of >1+ 
staining intensity 

PDCD1 Cell Marque 
(1:1) 

N  Data only shown for MSI subgroup. 
Age, sex, tumour grade, colonic 
site, T-stage, N-stage, TNM, TIL 
score, CLR, CD274. 

68 
(389) 

RFS 

Lee 2017 CR TMA 
2mm 

>5% immune cells CD274 Cell Signalling 
(1:50) 

N  Age, T-stage, N-stage, M-stage, 
tumour border, PI, LI, VI, tumour 
grade 

339 OS 

Lee 2018  
(Kyungpook) 

C (MSIH) Whole Semiquantitative 
(mod-strong vs 
weak) 

CD274 
PDCD1 

Abcam (1:100) 
Cell Marque 
(1:150) 

Y  Age, CEA, tumour grade, TNM, 
LAG3, IDO1. 

89 DFS 
OS 

Lee 2018 
(Bundang) 

CR TMA 
2mm 

>5% immune cells CD274 Dako (ready to 
use) 

Y  TNM, LI, VI, PI, CD274 in tumour 336 DFS 
OS 
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Li 2016 CR TMA 
0.6mm 

Immunoreactivity 
score >4 

PDCD1 Abcam (1:100) Y  Age, Sex, T-stage, N-stage, M-
stage 

276 DFS 
OS 

Liu 2018 
(ZH) 

CR TMA 
unclear 

Electronic counts 
+ve TILs (present 
or absent), 
essentially >1% 

CD274 Abcam 
(dilutions not 
specified) 

N  Age, colonic site, RAS, VI, PI, 
immunoscore 

60 OS 

Shao 2017 R Whole Manual, >10% 
threshold 

CD274 Spring 
Bioscience 
(1:100) 

Y  Age, sex, T-stage, N-stage, TNM, 
VI, NI, tumour grade, 
chemoradiotherapy duration 

68 DFS 
LRF
S 
OS 

Wei 2018 CRC TMA 
0.6mm 

Manual, 
semiquantitative 
(>1%) 

PDCD1 Spring 
Biosciences 
(dilutions not 
specified) 

Y  Age, sex, colonic site, T-stage, N-
stage, M-stage, tumour grade, NI, 
VI, CD4/CD8, MSI 

383 DFS 
OS 

Tumour cells 
Berntsson 2018 CR TMA 

1mm 
>1% positive 
tumour cells 

CD274 Cell Signalling 
(1:200) 

Y Membrane Age, Sex, TNM, tumour grade, VI 557 OS 

Calik 2019 CR Whole Manual counts 
tumour cells 
(threshold >5%) 

CD274 Master 
diagnostic 
(dilutions not 
specified) 

N Any Intratumoural CD8, CD8 at IM, 
CD274 on TILs 

157 DFS 

Chen 2019 R Biopsy 
and TMA 
2mm 

>5% positive 
tumour cells 

CD274 Abcam 
(dilutions not 
specified) 

Y Membrane Age, N-stage, Clinical response, 
TRG, CD8 TILs 

112 DFS 

D’Alterio 2016 CR CRLM 
(whole) 

Tumour CD274 
(>5% threshold) 

CD274 
 
 
 

Dr Lieping 
Chen’s lab and 
Spring 
Bioscience 

Y Membrane Age, sex, number of metastases, 
KRAS, CXCR4, CXCR7, CD274 
mRNA 

33 PFS 
CSS 

Droeser 2013 CR TMA 
0.6mm 

Semiquantitative 
(strong vs 
low/absent) 

CD274 
CD274 

MBL  Y Unclear Age, sex, T-stage, N-stage, tumour 
grade, VI, pattern of invasion, 
MMR status 

384 + 
721 

OS 
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Abcam 
(dilutions not 
specified) 
 

Enkhbat 2018 CR Whole >50% tumour cells 
staining 

CD274 Abcam (1:100) Y Cytoplasm Age, sex, differentiation, T-stage, 
TNM (stage III), VI, LI, colonic 
site (left/right), tumour diameter, 
CD274 TILs 

116 DFS 
OS 

Eriksen 2019 C Whole >5% positive 
tumour cells 

CD274 Ventana 
(dilutions not 
specified) 

N Membrane Age, sex, T-stage, N-stage, M-
stage, colonic site, tumour 
perforation, LN yield, PI, VI 

572 RFS 
OS 

Hamada 2017 CR TMA 
0.6mm 

Semiquantitative 
(low 0-1 vs high 2-
4) 

CD274 eBioscience 
(1:50) 

Y Cytoplasm 
+ 
membrane 

Age, sex, year of diagnosis, FH, 
BMI, aspirin/NSAIDs, colonic site, 
tumour grade, TNM, MSI, etc. 

617 CSS 
OS 

Hecht 2016 R Biopsy 
and TMA 
1.6mm 

Semiquantitative 
and percentage 
max staining cells 
(median threshold) 

CD274 Cell Signalling 
(1:100) 

Y Unclear Age, sex, T-stage, N-stage, M-
stage, TNM, Grade 

199 DFS 
OS 

Ho et al 2019 CR TMA 
(unclear) 

Semiquantitative, 
weighted histoscore 

CD274 Dako (dilutions 
not specified) 

Y Membrane T-stage, TNM, tumour grade, 
colonic site, LVI, MSI, stromal 
CD274 and intraepithelial TILs 
CD274 

238 OS 

Koganemura 2017 CR Whole >5% tumour cells CD274 Spring 
Bioscience 
(dilutions not 
specified) 
 

N Any Age, sex, colonic site, tumour 
grade, CD8, adjuvant therapy, 
CD274 on TILs 

235 DFS 

Ledys 2018 CR Whole 
liver met 

>5% tumour cells CD274 Roche (pre-
diluted) 

N Any Age, sex, adjuvant therapy, KRAS, 
BRAF, colonic site, CD8, HLA 

114 OS 
PFS 

Lee 2016 CR TMA 
0.6mm 

>1% of 2+ intensity CD274 Cell Signalling 
(1:250) 

N Membrane Data only shown for MSI subgroup. 
Age, sex, tumour grade, colonic 

68 
(389) 

RFS 
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site, T-stage, N-stage, TNM, TIL 
score, CLR, PDCD1. 

Lee 2017 CR TMA 
2mm 

>5% tumour cells CD274 Cell Signalling 
(1:50) 

N Membrane Age, T-stage, N-stage, M-stage, 
tumour border, PI, LI, VI, tumour 
grade 

339 OS 

Lee 2018 
(Kyungpook) 

C (MSIH) Whole >5% tumour cells CD274 Abcam (1:100) Y Membrane Age, CEA, tumour grade, TNM, 
LAG3, IDO1. 

89 DFS 
OS 

Lee 2018 
(Bundang) 

CR TMA 
2mm 

>1% immune cells CD274 Dako (ready to 
use) 

Y Membrane TNM, LI, VI, PI, CD274 in tumour 336 DFS 
OS 

Li 2016 CR TMA 
0.6mm 

Immunoreactivity 
score >4 

CD274 Abcam (1:50) Y Membrane Age, Sex, T-stage, N-stage, M-
stage 

276 DFS 
OS 

Rosenbaum 2016 R TMA 
2mm 

Manual, >5% TPS CD274 Cell Signalling 
(1:200) 

Y Membrane Age, sex, T-stage, N-stage, CD8, 
BRAF, KRAS, Medullary, MSI 

181 DSS 
OS 

Saigusa 2016 R Whole Manual, 
semiquantitative 
(staining intensity 2 
or 3) 
 
 

CD274 Lifespan 
Biosciences 
(1:100) 

Y Any Age, sex, T-stage, N-stage, LI, VI, 
tumour grade, TRG 

100 RFS 
OS 

Shao 2017 R Whole Manual, >1% 
threshold 

CD274 Spring 
Bioscience 
(1:100) 

Y Any Age, sex, T-stage, N-stage, TNM, 
VI, NI, tumour grade, XRT 
duration 

68 DFS 
LRF
S 
OS 

Shi 201 CR Whole Manual, mod-
strong vs weak-
absent 

CD274 Abcam 
(5mcg/ml) 

Y Any Age, sex, TNM, colonic site, 
tumour grade 

143 OS 

Wu 2019 CR Whole Manual, >1% 
threshold 

CD274 Abcam (1:50) Y Membrane Age, sex, colonic site, tumour 
grade, tumour size, T-stage, N-
stage, M-stage, TNM, A2aR 

204 OS 
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Zhu 2015 CR Whole Manual, percentage 
stained x staining 
intensity 

CD274 Abcam (1:100) Y Cytoplasm Age, Sex, tumour size, colonic site, 
tumour grade, T-stage, N-stage, M-
stage, VI 

120 OS 

Combined scores 
Bae 2018 CR TMA 

3mm 
Manual, >50% 
positive cells 

CD274 AnaSpec 
(1:400) 

N Unclear T-stage, N-stage, LI, tumour grade, 
perinodal extension 

175 DFS 
OS 

Hecht 2016 R Biopsy 
and TMA 
1.6mm 

Semiquantitative 
(low-low for 
tumour and TILs vs 
rest) 

CD274 Cell Signalling 
(1:100) 

Y Unclear Age, sex, T-stage, N-stage, M-
stage, TNM, Grade 

199 DFS 
OS 

Miller 2017 C TMA 
1mm 

Percentage area of 
tumour or immune 
cells (median) 

CD274 Cell Signalling 
(1:100) 

Y Any T-stage, colonic site, tumour grade, 
mucin, TILs, BRAF, MSI, other 
markers 

118 OS 
CSS 

Wei 2018 CR TMA 
0.6mm 

Manual, 
semiquantitative 
(>1% on TILs 
and/or >5% on 
tumour) 

CD274 Spring 
Biosciences 
(dilutions not 
specified) 

Y Membrane Age, sex, colonic site, T-stage, N-
stage, M-stage, tumour grade, NI, 
VI, CD4/CD8, MSI 

383 DFS 
OS 
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Table A3.2. Summary of current trials including PD-1 inhibitors and concomitant therapy in colorectal cancer, or solid tumours including colorectal 

cancers. 

Trial status Trial ID 

Anti-PD-1 alone +- NSAID 
Completed 
 

NCT01876511, NCT00729664, NCT00441337, NCT01772004 

Active, no longer recruiting 
 

NCT02460198, NCT02227667, NCT01693562, NCT02908906, NCT02054806. 

Recruiting NCT03638297, NCT04118933, NCT03926338, NCT04157985, NCT03755739, NCT03212404, NCT02628067, NCT03150706, 
NCT03981146, NCT03867799, NCT03435107, NCT03436563 

Not yet recruiting 
 

NCT04051450 

Anti-PD-1 + standard chemotherapy 
Completed 
 

 

Active, no longer recruiting NCT03904537, NCT02563002, NCT02860546, NCT03174405, NCT02375672, NCT01633970, NCT03414983, NCT02848443, 
NCT03563157, NCT02870920, NCT02873195, NCT03050814 

Recruiting NCT03374254, NCT03202758, NCT03186326, NCT02842125, NCT03854799, NCT03608046, NCT02997228, NCT03698461, 
NCT03299660, NCT03827044, NCT04231552, NCT02948348, NCT03921684, NCT03626922, NCT03984578, NCT03844750, 
NCT03396926, NCT04008030, NCT03388190, NCT03803553, NCT04068610, NCT03376659, NCT03721653,  

Not yet recruiting 
 

NCT04194359, NCT04262687, NCT03985891, NCT04072198,  

Anti-PD-1 + VEGF/EGF inhibitor 
Completed 
 

NCT02788279, NCT03081494 

Active, no longer recruiting 
 

NCT03797326, NCT03174405, NCT02713373, NCT03271047, NCT02873195 

Recruiting NCT04110093, NCT03946917, NCT03647839, NCT03374254, NCT03977090, NCT03912857, NCT03186326, NCT03239145, 
NCT04171141, NCT03829436, NCT03851614, NCT03608046, NCT03170960, NCT03698461, NCT03657641, NCT03475004, 
NCT02298959, NCT04126733, NCT03712943, NCT04030260, NCT03373188, NCT02484404, NCT03376659, NCT03475953, 
NCT02982694, NCT03555149 
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Not yet recruiting NCT04262687 
  

 
 
 

Anti-PD-1 + immune stimulant (e.g. vaccine) 
Completed 
 

NCT02981524, NCT02713529, NCT03241173 

Active, no longer recruiting 
 

NCT03531632, NCT02757391, NCT02432963, NCT02600949, NCT03473925, NCT02009449, NCT03152565 

Recruiting NCT03206073, NCT04046445, NCT02842125, NCT02636036, NCT03228667, NCT04060342, NCT03775850, NCT03639714, 
NCT04171141, NCT03953235, NCT03948763, NCT03970382, NCT03761914, NCT02983045, NCT02834052, NCT03724851, 
NCT01174121, NCT03311334, NCT03329950, NCT03841110, NCT03547999, NCT04208958, NCT03435640, NCT02963831, 
NCT03376659, NCT03256344, NCT03866239, NCT03289962 

Not yet recruiting 
 

NCT03287427, NCT04166383, NCT04195373, NCT04117087 

Anti-PD-1 + other checkpoint inhibitor 
Completed 
 

NCT03361228, NCT03241173, NCT02586987, NCT03007407, NCT03005002 

Active, no longer recruiting NCT03274804, NCT02335918, NCT02959437, NCT03168139, NCT03350126, NCT02060188, NCT02178722, NCT03271047, 
NCT02327078, NCT02888743, NCT01975831, NCT03122509, NCT02870920, NCT03982173 

Recruiting NCT03250832, NCT03642067, NCT03202758, NCT03206073, NCT04157985, NCT03629756, NCT03639714, NCT03507699, 
NCT02903914, NCT03454451, NCT03953235, NCT02817633, NCT02947165, NCT03517488, NCT02983045, NCT03549000, 
NCT03126110, NCT03207867, NCT02554812, NCT03799003, NCT04008030, NCT03104439, NCT03184870, NCT03693846, 
NCT03101475, NCT02740985, NCT02754856, NCT03026140 

Not yet recruiting 
 

NCT04258111, NCT04140526, NCT04117087, NCT04145193 

Anti-PD-1 + radiotherapy/physical tumour destruction 
Completed 
 

NCT02298946 

Active, no longer recruiting 
 

NCT03259867, NCT02437071, NCT02888743, NCT03122509 

Recruiting NCT04001101, NCT03854799, NCT02837263, NCT02992912, NCT03507699, NCT03299660, NCT03058289, NCT04231552, 
NCT02948348, NCT03921684, NCT03101475, NCT03927898 

Not yet recruiting NCT04108481 
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Anti-PD-1 + small molecule/kinase inhibitors 
Completed 
 

NCT02777710, NCT01988896, NCT02788279, NCT02586987, NCT03258398, NCT02876224 

Active, no longer recruiting 
 

NCT03332498, NCT03631407, NCT02646748, NCT02851004, NCT03377361 

Recruiting NCT03711058, NCT04000529, NCT03829436, NCT03170960, NCT02972034, NCT03791398, NCT04017650, NCT03735628, 
NCT03428126, NCT03539822, NCT02983578 

Not yet recruiting 
 

NCT03601598, NCT04044430, NCT04294160 

Anti-PD-1 + cell cycle/DNA metabolism blockade 
Completed 
 

NCT02260440 

Active, no longer recruiting 
 

NCT03993626, NCT02437136, NCT02512172, NCT02811497 

Recruiting NCT02890069, NCT03891953, NCT03667716, NCT03454451, NCT03519412, NCT04122625, NCT04256707, NCT03832621, 
NCT03190174, NCT02484404 

Not yet recruiting 
 

NCT03576963 

Anti-PD-1 + other 
Completed 
 

 

Active, no longer recruiting 
 

 

Recruiting 
 

NCT03785210, NCT04014530, NCT03851614, NCT03872947, NCT03658772, NCT03095781, NCT03800602 

Not yet recruiting 
 

NCT04119830 
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 Table A3.3. Rectal cancer survival and PDCD1/CD274 expression 

PDCD1/CD274 immune cell expression in rectal cancer 
Study TMA 

or 
Whole 
section 

If TMA … Antibodi
es used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresho
ld 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 
M
V 

Effec
t 

MMR Media
n 
follow 
up 

How 
many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Disease-free survival (DFS/RFS/PFS) 
Hecht et al 
2016 

Biopsy    CD274: 
E1L3N, 
Cell 
Signalling 

I – IV Manual Semiqua
ntitative 

IE+ST 35 vs 68 Y UV +ve NA Unclea
r, 5-
years 
display 

TMA 4 1.6mm 2xCT, 
2xIM 

IE+ST 78 vs 81 NS   
IM 63 vs 62 Y M

V 
+ve 

Shao et al 
2017 

Whole    CD274: 
Spring 
Bioscienc
e (1:100) 

II – III Manual Semiqua
ntitative 
(>10%) 

Unclear 17 vs 51 NS   NA 32.5 
month
s 

Huang et al 
2018 

Pre-
nCRT 
biopsy 

   PDCD1: 
ab137132
, Abcam 

II – III Manual Present 
vs 
absent 

IE 29 vs 60 Y UV
a 

+ve NA 3 years 

Ogura et al 
2018 

Biopsy    CD274: 
ab205921
, Abcam 

II-III 
(pre/pos
t nCRT) 

Manual Semiqua
ntitative 

IE 88 vs 187 NS   NA 57 
month
s 

ST 89 vs 192 NS 
Whole ST 139 vs 

148 
NS 

Overall survival 
Hecht et al 
2016 

Biopsy    CD274: 
E1L3N, 
Cell 
Signalling 

I – IV Manual Semiqua
ntitative 

IE+ST 35 vs 68 NS   NA Unclea
r, 5-
years 
display 

TMA 4 1.6mm 2xCT, 
2xIM 

IE+ST 78 vs 81 NS 
IM 63 vs 62 NS 
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Shao et al 
2017 

Whole    CD274: 
Spring 
Bioscienc
e (1:100) 

II – III Manual Semiqua
ntitative 
(>10%) 

Unclear 17 vs 51 NS   NA 32.5 
month
s 

Ogura et al 
2018 

Biopsy    CD274: 
ab205921
, Abcam 

II – III 
(pre/pos
t nCRT) 

Manual Semiqua
ntitative 

IE 88 vs 187 NS   NA 57 
month
s 

ST 89 vs 192 NS 
Whole ST 139 vs 

148 
NS 

Zhang et al 
2019 

Biopsy    CD274: 
GeneTech 
Biotechn. 

II – III Manual >5% 
positive 
TILs 
 
 

IE+ST 45 vs 64 NS   NA 42 
month
s 

TMA Unclea
r 

1.8mm Repres
entativ
e 

33 vs 76 NS 

PDCD1/CD274 tumour tissue expression in rectal cancer 
Study TMA 

or 
Whole 
section 

If TMA … Antibodi
es used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 
M
V 

Effec
t 

MMR Media
n 
follow 
up 

How 
many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

           

Disease-free survival (DFS/RFS/PFS) 
Saigusa et 
al 2016 

Whole    CD274: 
CD274, 
27A2, 
LifeSpan 
BioScienc
es 

I – IV Manual Semiqua
ntitative 

Any 36 vs 54 Y M
V 

-ve NA 46 
month
s 

Hecht et al 
2016 

Biopsy    CD274: 
E1L3N, 
Cell 
Signalling 

I – IV Manual Semiqua
ntitative 

Membra
ne 

9 vs 93 NS   NA Unclea
r, 5-
years 
display 

TMA 4 1.6mm 2xCT, 
2xIM 

Membra
ne (CT) 

23 vs 107 NS 
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Membra
ne (IM) 

15 vs 59 NS 

Shao et al 
2017 

Whole    CD274: 
Spring 
Bioscienc
e 

II – III Manual Semiqua
ntitative 
(>1%) 

Any 7 vs 61 NS   NA 32.5 
month
s 

Chen et al 
2019 

Biopsy    CD274: 
ab205921
, Abcam 

I – III 
(pre/pos
t nCRT) 

Manual Semiqua
ntitative 

Membra
ne 

56 vs 56 Y M
V 

+ve NA Unclea
r, 5-
years 
quoted 

TMA Unclea
r 

2mm Repres
-
entativ
e 

61 vs 36 Y M
V 

+ve 

Overall survival 
Saigusa et 
al 2016 

Whole    CD274: 
CD274, 
27A2, 
LifeSpan 
BioScienc
es 

I – IV Manual Semiqua
ntitative 

Any 36 vs 54 Y M
V 

-ve NA 46 
month
s 

Hecht et al 
2016 

Biopsy    CD274: 
E1L3N, 
Cell 
Signalling 

I – IV Manual Semiqua
ntitative 

Unclear 9 vs 93 NS   NA Unclea
r, 5-
years 
display 

TMA 4 1.6mm 2xCT, 
2xIM 

Unclear 23 vs 107 NS 
Unclear 15 vs 59 NS 

Shao et al 
2017 

Whole    CD274: 
Spring 
Bioscienc
e 

II – III Manual Semiqua
ntitative 
(>1%) 
 
 

Any 7 vs 61 NS   NA 32.5 
month
s 

Chen et al 
2019 

Biopsy    CD274: 
ab205921
, Abcam 

I – III 
(pre/pos
t nCRT) 

Manual Semiqua
ntitative 

Membra
ne 

56 vs 56 Y UV
b 

+ve NA Unclea
r, 5-
years 
quoted 

TMA Unclea
r 

2mm Repres
-

61 vs 36 Y UV
b 

+ve 
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entativ
e 

Disease-specific survival (DSS/CSS) 
Rosenbaum 
et al 2016 

TMA 2-3 2mm Repres
-
entativ
e 

CD274: 
E1L3N 
Cell 
Signalling 
Technolo
gy 

I – IV 
(post 
nCRT, 
MSI-
enriched
) 

Manual Arbitrar
y 

Membra
ne 

16 vs 162 NS   54 of 
178 

Unclea
r, 3-
years 
quoted 

PDCD1/CD274 combined tumour tissue and immune cell expression in rectal cancer 
Study TMA 

or 
Whole 
section 

If TMA … Antibodi
es used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 
M
V 

Effec
t 

MMR Media
n 
follow 
up 

How 
many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Disease-free survival (DFS/RFS/PFS) 
Hecht et al 
2016 

Biopsy    CD274: 
E1L3N, 
Cell 
Signalling 

I – IV Manual Semiqua
ntitative 
(Low 
tumour/
TILs vs 
rest) 

Biopsy 
(Unclear 
Memb 
or cyto) 

9 vs 93 NS  +ve NA Uncle
ar, 5-
years 
displa
y TMA 4 1.6mm 2xCT, 

2xIM 
IT 
(Unclear 
Memb 
or cyto) 

23 vs 107 NS 

IM 
(Unclear 
Memb 
or cyto) 

15 vs 59 Y M
V 

Overall survival 
Hecht et al 
2016 

Biopsy    CD274: 
E1L3N, 

I – IV Manual Semiqua
ntit-

Biopsy 
(Unclear 

9 vs 93 NS  +ve NA Uncle
ar, 5-
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Cell 
Signalling 

ative 
(Low 
tumour/
TILs vs 
rest) 

Memb 
or cyto) 

years 
displa
y TMA 4 1.6mm 2xCT, 

2xIM 
IT 
(Unclear 
Memb 
or cyto) 

23 vs 107 NS  

IM 
(Unclear 
Memb 
or cyto) 

15 vs 59 Y M
V 

anot independent of HMGB1/Nstage          bNo MV given 
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Table A3.4. Colon cancer survival and PDCD1/CD274 expression 

PDCD1/CD274 immune cell expression in colon cancer 
Study TMA 

or 
Whole 
section 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 
M
V 

Effec
t 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choi
ce of 
core 

Disease-free survival (DFS/RFS/PFS) 
Lee et al 
2018 

Whole    CD274: 
CD274, 
Abcam 

I – III 
(MSIH) 

Manual Semiqua
ntitative 

Unclear 56 vs 33 Y M
V 

+ve 89 of 
89 

39 
months 

PDCD1: 
PDCD1, 
Cell 
Marque 

39 vs 50 NS   

Wyss et 
al 2019† 

TMA 6 Uncl
ear 

CT + 
IM 

CD274: 
SP142, 
Spring 
Bioscience 

I – IV Manual Semiqua
ntitative 

ST 61 vs 39 
vs 27 vs 
102 

NS   26 of 
270 

Unclear, 
10-
months 
display 

Wyss et 
al 2019† 

TMA 6 Uncl
ear 

CT + 
IM 

PDCD1: 
NAT105, 
Cell 
Marque 

I – IV Manual Semiqua
ntitative 

ST 45 vs 54 Y UV
a 

+ve 26 of 
270 

Unclear, 
10-
months 
display 

Overall survival 
Wyss et 
al 2019 

TMA 6 Uncl
ear 

CT + 
IM 

CD274: 
SP142, 
Spring 
Bioscience 
 
 

I – IV Manual Semiqua
ntitative 

ST 61 vs 39 
vs 27 vs 
102 

Y UV
a 

+ve 26 of 
270 

Unclear, 
10-
months 
display 
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PDCD1/CD274 tumour tissue expression in colon cancer 
Study TMA 

or 
Whole 
section 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresh
old 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 
M
V 

Effec
t 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choi
ce of 
core 

Disease-free survival (DFS/RFS/PFS) 
Lee et al 
2018 

Whole    CD274: 
CD274, 
Abcam 

I – III 
(MSIH) 

Manual Semiqua
ntitative 

Membra
ne 

89 overall 
(2 groups) 

NS   89 of 
89 

39 
months 

Wyss et 
al 2019 

TMA 6 Uncl
ear 

CT + 
IM 

CD274: 
SP142, 
Spring 
Bioscience 

I – IV Manual Semiqua
ntitative 

Membra
ne 

270 
overall 
(2 groups) 

NS   26 of 
270 

Unclear, 
10-
months 
display 

Eriksen et 
al 2019 

Whole    CD274: 
Ventana 

II Manual Semiqua
ntitative 

Membra
ne 

35 vs 537 NS   172 of 
572 

6.9 
years 

PDCD1/CD274 combined tumour tissue and immune cell expression in colon cancer 

Study TMA 
or 
Whole 
section 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thresho
ld 

Tumou
r region 

Groups 
(overall 
or high to 
low) 

Signifi
cant 

UV 
or 
M
V 

Effec
t 

MMR Media
n 
follow 
up 

How 
many 
cores? 

Size 
of 
cores 

Choi
ce of 
core 

           

Overall survival 
TMA 3 1.0mm 2xCT III Manual Median IE+ST 60 vs 40 NS   
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Miller et 
al 2017 

1xIM CD274: 
E1L3N; 
Cell 
Signalling 
(1:100) 

IM 27 vs 29 NS 18 of 
104 

82.5 
months 

Disease-specific survival (DSS/CSS) 
Miller et 
al 2017 

TMA 3 1.0mm 2xCT 
1xIM 

CD274: 
E1L3N; 
Cell 
Signalling 
(1:100) 

III Manual Median IE+ST 60 vs 40 NS   18 of 
104 

82.5 
months 

IM 27 vs 29 NS 

ano MV given †Same study, different antibody/marker 
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Table A3.5. Colorectal cancer disease-free survival/recurrence-free survival and PDCD1/CD274 expression 

PDCD1/CD274 immune cell expression and disease-/recurrence-free survival in colorectal cancer 
Study TMA 

or 
Whole 
sectio
n 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumo
ur 
region 

Groups 
(overall 
or high 
to low) 

Signi
fican
t 

UV 
or 

MV 

Effec
t 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Lee et al 
2016 

TMA 3 0.6mm Rando
m 

PDCD1: 
NAT105, 
Cell 
Marque 

I – IV 
(all) 

Manual ROC 
curve 

IE+ST 76 vs 
316 

Y UVa +ve 68 of 
389 

55 
months 

I – IV 
(MSIH) 

34 vs 34 Y MV +ve 

Li et al 
2016 
(FUSCC) 

TMA Unclear 0.6mm Rando
m 

PDCD1: 
ab137132, 
Abcam 

I – IV Manual Arbitrary IE+ST 106 vs 
170 

Y MV +ve 100 of 
276 

61 
months 

Kim et al 
2016 

TMA 3 2mm Repres
-
entativ
e 

CD274: 
E1L3N; 
Cell 
Signalling 

I – IV 
(MSIH) 

Manual Arbitrary IE+ST 62 vs 
146 

NS   208 of 
208 

Unclear, 
10-years 
display 

Koganem
aru et al 
2017 

Whole    CD274: 
Spring 
Bioscience 

III Manual Arbitrary 
(>5%) 

Unclea
r 

36 vs 
199 

Y UVb +ve NA 52.9 
months 

Enkhbat 
et al 2018 

Whole    PDCD1: 
AF1086, 
R&D 
Systems 

II – III Manual Arbitrary ST 39 vs 77 NS  -ve NA 52 
months 

Wei et al 
2018 

TMA Unclear 0.6mm Repres
-
entativ
e 

PDCD1: 
SP269, 
spring 
bioscience 

I – IV Manual Semiquan
titative 

ST 50 vs 
304 

NS   97 of 
354 

72 
months 
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Shibutani 
et al 2018 

Whole    PDCD1: 
NAT105, 
Abcam 

II – III Manual, 
in TILs 
in 
5HPFs 

ROC 
curve 

IM 58 vs 32 NS   NA Unclear, 
5-years 
display 

Wang et 
al 2018 

TMA 2 1mm Uncle
ar 

CD274: 
SP142, 
Spring 
Bioscience 

II – III Manual Unclear IE+ST 46 vs 
208 

Y UVc -ve NA 42 
months 

Kollman 
et al 2018 

Met 
(pulmo
nary) 

   PDCD1: 
AF 1086, 
R&D 
systems 

IV Manual Semiquan
titative 

IE+ST 16 vs 36 NS    30 
months 

CD274: 
E1L3N; 
Cell 
Signalling 

41 vs 10 NS  

Yomoda 
et al 2018 

Whole    CD274: 
E1L3N; 
Cell 
Signalling 

II – III Manual ROC 
curve 

IE+ST
+ 
IM 

12 vs 70 NS   NA Unclear, 
5-years 
display 

Calik et al 
2018 

Whole    CD274: 
Master 
Diagnostica 

I-IV Manual Semiquan
titative 
(>5%) 

IE+ST 85 vs 72 Y MV +ve NA 52.7 
months 

Ledys et 
al 2018 

Met 
(liver) 

   CD274: 
Roche (pre-
diluted) 

IV Manual Semiquan
titative 
(>5%) 

Unclea
r 

34 vs 80 NS   NA 2.9 
years 

Lee et al 
2018 

TMA 2 2mm 1x CT 
1x IM 

CD274: 
Dako 
(ready to 
use) 

I – IV Manual Semiquan
titative 
(>5%) 

IE+ST 154 vs 
179 

Y MV +ve 18 of 
336 

52 
months 

PDCD1/CD274 tumour tissue expression and disease-/recurrence-free survival in colorectal cancer 
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Study TMA 
or 
Whole 
sectio
n 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumo
ur 
region 

Groups 
(overall 
or high 
to low) 

Signi
fican
t 

UV 
or 

MV 

Effec
t 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Lee et al 
2016 

TMA 3 0.6mm Rando
m 

CD274: 
E1L3N, 
Cell 
Signalling 
Technology 

I – IV 
(all) 

Manual ROC 
curve 

Cytopl
asm 

19 vs 
375 

NS   68 of 
389 

55 
months 

I – IV 
(MSIH) 

12 vs 55 Y MV -ve 

Li et al 
2016 
(FUSCC) 

TMA Unclear 0.6mm Rando
m 

CD274: 
ab174838, 
Abcam 

I – IV Manual Arbitrary Unclea
r 

138 vs 
138 

Y UVd +ve 100 of 
276 

61 
months 

Kim et al 
2016 

TMA 3 2mm Repres
-
entativ
e 

CD274: 
E1L3N; 
Cell 
Signalling 

I – IV 
(MSIH) 

Manual Arbitrary Memb
ranous
-to-
cytopl
asmic 

26 vs 
182 

NS   208 of 
208 

Unclear, 
10-years 
display 

Koganem
aru et al 
2017 

Whole    CD274: 
Spring 
Bioscience 

III Manual Arbitrary 
(>5%) 

Any 19 vs 
216 

Y MV -ve NA 52.9 
months 

Enkhbat 
et al 2018 

Whole    CD274: 
ab174838, 
Abcam 

II – III Manual Arbitrary Cytopl
asm 

52 vs 64 Y UVe -ve NA 52 
months 

Kollman 
et al 2018 

Met 
(pulmo
nary) 

   PDCD1: 
AF 1086, 
R&D 
systems 

IV Manual Semiquan
titative 

Unclea
r 

35 vs 17 NS   NA 30 
months 

CD274: 
E1L3N; 
Cell 
Signalling 

36 vs 15 NS 
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Calik et al 
2018 

Whole    CD274: 
Master 
Diagnostica 

I-IV Manual Semiquan
titative 
(>5%) 

Any 72 vs 85 Y MV -ve NA 52.7 
months 

Ledys et 
al 2018 

Met 
(liver) 

   CD274: 
Roche (pre-
diluted) 

IV Manual Semiquan
titative 
(>5%) 

Unclea
r 

5 vs 109 NS   NA 2.9 
years 

Lee et al 
2018 

TMA 2 2mm 1x CT 
1x IM 

CD274: 
Dako 
(ready to 
use) 
 

I – IV Manual Semiquan
titative 
(>1%) 

Memb
rane 

15 vs 
321 

Y MV -ve 18 of 
336 

52 
months 

PDCD1/CD274 combined tumour tissue and immune cell expression and disease-/recurrence-free survival in colorectal 
cancer 
Study TMA 

or 
Whole 
sectio
n 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Threshol
d 

Tumo
ur 
region 

Groups 
(overall 
or high 
to low) 

Signi
fican
t 

UV 
or 
MV 

Effec
t 

MMR Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Wei et al 
2018 

TMA Unclear 0.6mm Repres
-
entativ
e 

CD274: 
SP142, 
spring 
bioscience) 

I – IV Manual Semiquan
titative 

ST 162 vs 
191 

Y MV +ve 97 of 
354 

72 
months 

Bae et al 
2018 

TMA 1 3mm Repres
-
entativ
e 

CD274: 
AnaSpec 

I – IV Manual 50% 
staining 

Uncl 93 vs 82 Y MV +ve NA 88 
months 

aNo MV given apart from MMRd subgroup; MMRp tumours alone not significant on UV bnot independent of tumour CD274/tumour grade/IE CD8    cnot independent 
of TNM, p53, Ki67 dnot independent of age/gender/T-stage/N-stage/M-stage enot independent of stage III disease/lymphatic invasion 
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Table A3.6. Colorectal cancer overall survival and PDCD1/CD274 expression 

PDCD1/CD274 immune cell expression and overall survival in colorectal cancer 
Study TMA 

or 
Whole 
sectio
n 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thres
hold 

Tumou
r region 

Groups 
(overall 
or high 
to low) 

Signi
fican
t 

UV 
or 

MV 

Eff
ect 

M
M
R 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Droeser et 
al 2013 

TMA Unclea
r 

0.6mm Repres-
entative 

CD274: 27A2, 
MBL 
(monoclonal) 
and ab82059, 
Abcam 
(polyclonal) 

I – IV 
(MMR 
proficient
) 

Manual Unclea
r 

ST 11 vs 
413 

Y UVa +ve 0 of 
424 

Unclear, 
>10-
years 
display 

Li et al 
2016 
(FUSCC) 

TMA Unclea
r 

0.6mm Random PDCD1: 
ab137132, 
Abcam 

I – IV Manual Arbitr
ary 

IE+ST 106 vs 
170 

Y MV +ve 100 
of 
276 

61 
months 

Li et al 
2016 
(TCGA) 

TMA Unclea
r 

0.6mm Random PDCD1: 
ab137132, 
Abcam 

I – IV Manual Arbitr
ary 

IE+ST 191 vs 
165 

Y UVb +ve 113 
of 
356 

13.4 
months 

Lee et al 
2017 

TMA 2 2mm 1x CT 
1x IM 

CD274: Cell 
Signalling Tech 

I – IV 
(MSIH) 

Manual Semiq
uantita
tive 

IT+ST 107 vs 
79 

Y MV +ve 186 
of 
186 

Unclear, 
8-years 
display 102 vs 

84 
Y MV +ve 

Lee et al 
2017† 

TMA 2 2mm 1x CT 
1x IM 

CD274: Cell 
Signalling Tech 

I – IV Manual Semiq
uantita
tive 

IE+ST 47 vs 
106 

Y MV +ve 0 of 
153 

Unclear, 
8-years 
display 56 vs 97 Y MV +ve 

Enkhbat 
et al 2018 

Whole    PDCD1: 
AF1086, R&D 
Systems 

II – III Manual Arbitr
ary 

ST 39 vs 77 Y UVc -ve NA 52 
months 
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Wei et al 
2018 

TMA Unclea
r 

0.6mm Repres-
entative 

PDCD1: SP269, 
spring 
bioscience 

I – IV Manual Semiq
uantita
tive 

ST 50 vs 
304 

NS   97 
of 
354 

72 
months 

Shibutani 
et al 2018 

Whole    PDCD1: 
NAT105, 
Abcam 

II – III Manual ROC 
curve 

IM 39 vs 51 NS   NA Unclear, 
5-years 
display 

Yomoda 
et al 2018 

Whole    CD274: E1L3N; 
Cell Signalling 

II – III Manual ROC 
curve 

IE+ST+ 
IM 

12 vs 70 NS   NA Unclear, 
5-years 
display 

Liu et al 
2018 

Whole    CD274: 
ab205921, 
Abcam 

IV Electron
ic 
(Aperio) 

Presen
t or 
absent 

IE+ST 26 vs 34 Y MV -ve NA Unclear, 
30-
months 
display 

Kollman 
et al 2018 

Met 
(pulmo
nary) 

   PDCD1: AF 
1086, R&D 
systems 

IV Manual Semiq
uantita
tive 

IE+ST 16 vs 36 Y UVd -ve NA 30 
months 

CD274: E1L3N; 
Cell Signalling 
 

41 vs 10 NS   

Berntsson 
et al 2018 

TMA Unclea
r 

1mm Repres-
entative 

PDCD1: Abcam I-IV Manual Semiq
uantita
tive 

IE+ST 298 vs 
228 

Y UVe +ve 74 
of 
575 

10 years 

CD274: Cell 
Signalling 

297 vs 
239 

Y MV +ve 

Ledys et 
al 2018 

Met 
(liver) 

   CD274: Roche 
(pre-diluted) 

IV Manual Semiq
uantita
tive 
(>5%) 

Unclear 34 vs 80 NS   NA 2.9 
years 

Lee et al 
2018† 

TMA 2 2mm 1x CT 
1x IM 

CD274: Dako 
(ready to use) 

I – IV Manual Semiq
uantita
tive 
(>5%) 

IE+ST 154 vs 
179 

Y MV +ve 18 
of 
336 

52 
months 
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Ho et al 
2019 

TMA Unclea
r 

Uncl
ear 

Unclear CD274: Dako I-IV Manual Presen
t or 
absent 

IE 45 vs 
193 

Y UVf +ve 18 
of 
238 

Unclear, 
10-years 
display 

Semiq
uantita
tive 

Stroma 64 vs 
274 

Y MV +ve 

PDCD1/CD274 tumour tissue expression and overall survival in colorectal cancer 
Study TMA 

or 
Whole 
sectio
n 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thres
hold 

Tumou
r region 

Groups 
(overall 
or high 
to low) 

Signi
fican
t 

UV 
or 

MV 

Eff
ect 

M
M
R 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 

Droeser et 
al 2013 
(training) 

TMA Unclea
r 

0.6mm Repres-
entative 

CD274: 27A2, 
MBL (mono-
clonal) and 
ab82059, 
Abcam 
(polyclonal) 

I – IV 
(MMR 
proficient
) 

Manual Semiq
uantita
tive 

Cytopla
sm 

156 vs 
228 

Y UVg +ve 0 of 
424 

Unclear, 
>10-
years 
display 

Droeser et 
al 2013 
(validatio
n) 

TMA Unclea
r 

0.6mm Repres-
entative 

CD274: 27A2, 
MBL (mono-
clonal) and 
ab82059, 
Abcam 
(polyclonal) 

I – IV 
(MMR 
proficient
) 

Manual Semiq
uantita
tive 

Cytopla
sm 

261 vs 
460 

Y UVg +ve 0 of 
721 

Unclear, 
>10-
years 
display 

Shi et al 
2013 

Whole    CD274: Abcam 
(5mcg/ml) 

I – IV Manual Semiq
uantita
tive 

Any 64 vs 79 Y MV +ve NA 43 
months 

Zhu et al 
2015 

Whole    CD274: Abcam 
(1:100) 

I – IV Manual Arbitr
ary 

Cytopla
sm 

30 vs 90 Y UVh -ve NA 39 
months 

Li et al 
2016 
(FUSCC) 

TMA Unclea
r 

0.6mm Random CD274: 
ab174838, 
Abcam 

I – IV Manual Arbitr
ary 

Unclear 138 vs 
138 

Y UVj +ve 100 
of 
276 

61 
months 
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Li et al 
2016 
(TCGA) 

TMA Unclea
r 

0.6mm Random CD274: 
ab174838, 
Abcam 

I – IV Manual Arbitr
ary 

Unclear 301 vs 
55 

Y UVk +ve 113 
of 
356 

13.4 
months 

Hamada 
et al 2017 

TMA 2-4 0.6mm Unclear CD274: CD274, 
eBioscience 

I – IV Manual Semiq
uantita
tive 

Cytopla
sm + 
membra
ne 

384 vs 
233 

NS   108 
of 
601 

11.5 
years 

Lee et al 
2017† 

TMA 2 2mm 1x CT 
1x IM 

CD274: Cell 
Signalling Tech 

I – IV 
(MSIH) 

Manual Semiq
uantita
tive 

Membra
ne 

43 vs 
143 

NS   186 
of 
186 

Unclear, 
8-years 
display 47 vs 

141 
NS 

Enkhbat 
et al 2018 

Whole    CD274: 
ab174838, 
Abcam 

II – III Manual Arbitr
ary 

Cytopla
sm 

52 vs 64 Y MV -ve NA 52 
months 

Kollman 
et al 2018 

Met 
(pulmo
nary) 

   PDCD1: AF 
1086, R&D 
systems 

IV Manual Semiq
uantita
tive 

Unclear 35 vs 17 NS   NA 30 
months 

CD274: E1L3N; 
Cell Signalling 

36 vs 15 NS 

Berntsson 
et al 2018 

TMA Unclea
r 

1mm Repres-
entative 

PDCD1: Abcam I-IV Manual Semiq
uantita
tive 

Membra
ne 

298 vs 
228 

NS   74 
of 
575 

10 years 

Ledys et 
al 2018 

Met 
(liver) 

   CD274: Roche 
(pre-diluted) 

IV Manual Semiq
uantita
tive 
(>5%) 

Unclear 5 vs 109 NS   NA 2.9 
years 

Lee et al 
2018† 

TMA 2 2mm 1x CT 
1x IM 

CD274: Dako 
(ready to use) 

I – IV Manual Semiq
uantita

IE+ST 15 vs 
321 

Y MV -ve 18 
of 
336 

52 
months 
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tive 
(>1%) 

Ho et al 
2019 

TMA Unclea
r 

Uncl
ear 

Unclear CD274: Dako 
(dilutions not 
specified) 

I – IV Manual Weigh
ted 
histo-
score 
(thresh
old 10) 

Membra
ne 

13 vs 
225 

NS   18 
of 
238 

Unclear, 
10 years 
display 

Wu et al 
2019 

Whole    CD274: Dako 
(1:50) 

I – IV Manual >1% 
positiv
e 

Membra
ne 

84 vs 
120 

Y MV  NA 22 
months 

Chen et al 
2020 

Whole    CD274: Abcam I – III  Manual Immu
noreac
tivity 
score 
>3 
 
 
 
 
 
 
 

Any 94 vs 31 Y UVl -ve NA Unclear, 
5 years 
display 

PDCD1/CD274 combined tumour tissue and immune cell expression and overall survival in colorectal cancer 

Study TMA 
or 
Whole 
sectio
n 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thres
hold 

Tumou
r region 

Groups 
(overall 
or high 
to low) 

Signi
fican
t 

UV 
or 
MV 

Eff
ect 

M
M
R 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choice 
of core 
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Wei et al 
2018 

TMA Uncle
ar 

0.6mm Repres-
entative 

CD274: SP142, 
spring 
bioscience) 

I – IV Manual Semiq
uantita
tive 

ST 162 vs 
191 

Y UVm +ve 97 
of 
354 

72 
months 

Bae et al 
2018 

TMA 1 3mm Repres-
entative 

CD274: 
AnaSpec 

I – IV Manual 50% 
stainin
g 

Uncl 93 vs 82 Y UVn +ve NA 88 
months 

†18 MSIH patients crossover, different antibody  ano MV given  bnot independent of T-stage/CEA dnot independent of CD274 on tumour cells dno MV performed. 
Worse prognosis for high PDCD1 TILs in pulmonary metastasis enot independent of age/sex/T-stage/N-stage/M-stage/tumour grade/VI  fnot independent of CD274 in 
stroma/tumour cells gnot independent of age/stage/gender/MMR/VI  hnot independent of M-stage  jnot independent of age/gender/T-stage/N-stage/M-stage knot 
independent of T-stage/CEA lno MV given mnot independent of tumour diff/T-stage/N-stage/M-stage/gender  nnot independent of T-stage/perinodal extension 
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Table A3.7. Colorectal cancer-specific survival and PDCD1/CD274 expression 

PDCD1/CD274 tumour tissue expression and cancer-specific survival in colorectal cancer 
Study TMA 

or 
Whole 
section 

If TMA … Antibodies 
used 

Cohort 
assessed 
(stage) 

Measu-
rement 

Thres
hold 

Tumour 
region 

Groups 
(overall 
or high 
to low) 

Signifi
cant 

UV 
or 

MV 

Effec
t 

M
MR 

Median 
follow 
up How 

many 
cores? 

Size 
of 
cores 

Choic
e of 
core 

Hamada 
et al 2017 

TMA 2-4 0.6mm Unclea
r 

CD274: 
CD274, 
eBioscienc
e 

I – IV Manual Semiq
uantita
tive 

Cytoplasm 
+ 
membrane 

384 vs 
233 

NS   108 
of 
601 

11.5 
years 

 

 



424 
 

REFERENCES 
ALDERDICE, M., DUNNE, P. D., COLE, A. J., O'REILLY, P. G., MCART, D. G., 

BINGHAM, V., FUCHS, M. A., MCQUAID, S., LOUGHREY, M. B., MURRAY, 

G. I., SAMUEL, L. M., LAWLER, M., WILSON, R. H., SALTO-TELLEZ, M. & 

COYLE, V. M. 2017. Natural killer-like signature observed post therapy in locally 

advanced rectal cancer is a determinant of pathological response and improved 

survival. Mod Pathol, 30, 1287-1298. 

ALEXANDER, P., ROSEWEIR, A., PENNEL, K., VAN WYK, H., POWELL, A., 

ROXBURGH, C., HORGAN, P., EDWARDS, J., MCMILLAN, D. & PARK, J. 

2020a. Validation of the Glasgow Microenvironment Score in patients with colon 

cancer: A pathology-based prognostic tool. ASCO Gastrointestinal Cancers 

Symposium. San Francisco, CA, USA: Journal of Clinical Oncology. 

ALEXANDER, P. G., MCMILLAN, D. C. & PARK, J. H. 2020b. The local 

inflammatory response in colorectal cancer - Type, location or density? A 

systematic review and meta-analysis. Cancer Treat Rev, 83, 101949. 

ALEXANDER, P. G., MCMILLAN, D. C. & PARK, J. H. 2021. A meta-analysis of 

CD274 (PD-L1) assessment and prognosis in colorectal cancer and its role in 

predicting response to anti-PD-1 therapy. Crit Rev Oncol Hematol, 157, 103147. 

ALEXANDER, P. G., ROSEWEIR, A. K., PENNEL, K. A., VAN WYK, H. C., 

POWELL, A. G., MCMILLAN, D. C., HORGAN, P. G., KELLY, C., HAY, J., 

SANSOM, O., HARKIN, A., ROXBURGH, C. S., GRAHAM, J., CHURCH, D. 

N., TOMLINSON, I., SAUNDERS, M., IVESON, T. J., EDWARDS, J. & PARK, 

J. H. 2020c. The Glasgow Microenvironment Score associates with prognosis and 

adjuvant chemotherapy response in colorectal cancer. Br J Cancer. 



425 
 

ALGARS, A., IRJALA, H., VAITTINEN, S., HUHTINEN, H., SUNDSTROM, J., 

SALMI, M., RISTAMAKI, R. & JALKANEN, S. 2012. Type and location of 

tumor-infiltrating macrophages and lymphatic vessels predict survival of colorectal 

cancer patients. Int J Cancer, 131, 864-73. 

ANDRE, T., LONARDI, S., WONG, M., LENZ, H.-J., GELSOMINO, F., AGLIETTA, 

M., MORSE, M., CUTSEM, E. V., MCDERMOTT, R. S., HILL, A. G., 

SAWYER, M. B., HENDLISZ, A., NEYNS, B., SVRCEK, M., MOSS, R. A., 

LEDEINE, J.-M., CAO, Z. A., KAMBLE, S., KOPETZ, S. & OVERMAN, M. J. 

2018. Nivolumab + ipilimumab combination in patients with DNA mismatch 

repair-deficient/microsatellite instability-high (dMMR/MSI-H) metastatic 

colorectal cancer (mCRC): First report of the full cohort from CheckMate-142. 

Journal of Clinical Oncology, 36, 553-553. 

ANITEI, M. G., ZEITOUN, G., MLECNIK, B., MARLIOT, F., HAICHEUR, N., 

TODOSI, A. M., KIRILOVSKY, A., LAGORCE, C., BINDEA, G., FERARIU, D., 

DANCIU, M., BRUNEVAL, P., SCRIPCARIU, V., CHEVALLIER, J. M., 

ZINZINDOHOUE, F., BERGER, A., GALON, J. & PAGES, F. 2014a. Prognostic 

and predictive values of the immunoscore in patients with rectal cancer. Clin 

Cancer Res, 20, 1891-9. 

ANITEI, M. G., ZEITOUN, G., MLECNIK, B., MARLIOT, F., HAICHEUR, N., 

TODOSI, A. M., KIRILOVSKY, A., LAGORCE, C., BINDEA, G., FERARIU, D., 

DANCIU, M., BRUNEVAL, P., SCRIPCARIU, V., CHEVALLIER, J. M., 

ZINZINDOHOUE, F., BERGER, A., GALON, J. & PAGÈS, F. 2014b. Prognostic 

and predictive values of the immunoscore in patients with rectal cancer. Clin 

Cancer Res, 20, 1891-9. 



426 
 

AZAD, N. S., SHIRAI, K., MCREE, A. J., OPYRCHAL, M., JOHNSON, D. B., 

ORDENTLICH, P., BROUWER, S., SANKOH, S., SCHMIDT, E. V., MEYERS, 

M. L. & JOHNSON, M. L. 2018. ENCORE 601: A phase 2 study of entinostat in 

combination with pembrolizumab in patients with microsatellite stable metastatic 

colorectal cancer. Journal of Clinical Oncology, 36, 3557-3557. 

BAE, J. M., KIM, M. J., KIM, J. H., KOH, J. M., CHO, N. Y., KIM, T. Y. & KANG, G. 

H. 2011. Differential clinicopathological features in microsatellite instability-

positive colorectal cancers depending on CIMP status. Virchows Arch, 459, 55-63. 

BAE, S. U., JEONG, W. K., BAEK, S. K., KIM, N. K. & HWANG, I. 2018. Prognostic 

impact of programmed cell death ligand 1 expression on long-term oncologic 

outcomes in colorectal cancer. Oncol Lett, 16, 5214-5222. 

BAETEN, C. I., CASTERMANS, K., HILLEN, H. F. & GRIFFIOEN, A. W. 2006. 

Proliferating endothelial cells and leukocyte infiltration as prognostic markers in 

colorectal cancer. Clin Gastroenterol Hepatol, 4, 1351-7. 

BAKER, K., ZLOBEC, I., TORNILLO, L., TERRACCIANO, L., JASS, J. R. & LUGLI, 

A. 2007. Differential significance of tumour infiltrating lymphocytes in sporadic 

mismatch repair deficient versus proficient colorectal cancers: a potential role for 

dysregulation of the transforming growth factor-beta pathway. Eur J Cancer, 43, 

624-31. 

BAKSHI, R. K., COX, M. A. & ZAJAC, A. J. 2014. Cytotoxic T Lymphocytes [Online]. 

Encyclopedia of Medical Immunology Available: 

https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-84828-0_36 

[Accessed 29th July 2019]. 



427 
 

BARRIERE, G., FICI, P., GALLERANI, G., FABBRI, F., ZOLI, W. & RIGAUD, M. 

2014. Circulating tumor cells and epithelial, mesenchymal and stemness markers: 

characterization of cell subpopulations. Ann Transl Med, 2, 109. 

BEAGLEHOLE, R. & BONITA, R. 2010. What is global health? Glob Health Action, 3. 

BECHT, E., DE REYNIES, A., GIRALDO, N. A., PILATI, C., BUTTARD, B., 

LACROIX, L., SELVES, J., SAUTES-FRIDMAN, C., LAURENT-PUIG, P. & 

FRIDMAN, W. H. 2016. Immune and Stromal Classification of Colorectal Cancer 

Is Associated with Molecular Subtypes and Relevant for Precision Immunotherapy. 

Clin Cancer Res, 22, 4057-66. 

BERNTSSON, J., EBERHARD, J., NODIN, B., LEANDERSSON, K., LARSSON, A. 

H. & JIRSTROM, K. 2018. Expression of programmed cell death protein 1 (PD-1) 

and its ligand PD-L1 in colorectal cancer: Relationship with sidedness and 

prognosis. Oncoimmunology, 7, e1465165. 

BERNTSSON, J., NODIN, B., EBERHARD, J., MICKE, P. & JIRSTROM, K. 2016. 

Prognostic impact of tumour-infiltrating B cells and plasma cells in colorectal 

cancer. Int J Cancer, 139, 1129-39. 

BERNTSSON, J., SVENSSON, M. C., LEANDERSSON, K., NODIN, B., MICKE, P., 

LARSSON, A. H., EBERHARD, J. & JIRSTROM, K. 2017. The clinical impact of 

tumour-infiltrating lymphocytes in colorectal cancer differs by anatomical subsite: 

A cohort study. Int J Cancer, 141, 1654-1666. 

BINDEA, G., MLECNIK, B., TOSOLINI, M., KIRILOVSKY, A., WALDNER, M., 

OBENAUF, A. C., ANGELL, H., FREDRIKSEN, T., LAFONTAINE, L., 

BERGER, A., BRUNEVAL, P., FRIDMAN, W. H., BECKER, C., PAGES, F., 

SPEICHER, M. R., TRAJANOSKI, Z. & GALON, J. 2013. Spatiotemporal 



428 
 

dynamics of intratumoral immune cells reveal the immune landscape in human 

cancer. Immunity, 39, 782-95. 

BOLAND, C. R. & GOEL, A. 2010. Microsatellite instability in colorectal cancer. 

Gastroenterology, 138, 2073-2087.e3. 

BOLAND, P. M., HUTSON, A., MAGUIRE, O., MINDERMAN, H., FOUNTZILAS, C. 

& IYER, R. V. 2018. A phase Ib/II study of cetuximab and pembrolizumab in 

RAS-wt mCRC. Journal of Clinical Oncology, 36, 834-834. 

BONOMO, A. C., PINTO-MARIZ, F., RIEDERER, I., BENJAMIM, C. F., BUTLER-

BROWNE, G., MOULY, V. & SAVINO, W. 2020. Crosstalk Between Innate and 

T Cell Adaptive Immunity With(in) the Muscle. Front Physiol, 11, 573347. 

BORST, J., AHRENDS, T., BABALA, N., MELIEF, C. J. M. & KASTENMULLER, W. 

2018. CD4(+) T cell help in cancer immunology and immunotherapy. Nat Rev 

Immunol, 18, 635-647. 

BRABLETZ, T., HLUBEK, F., SPADERNA, S., SCHMALHOFER, O., 

HIENDLMEYER, E., JUNG, A. & KIRCHNER, T. 2005. Invasion and metastasis 

in colorectal cancer: epithelial-mesenchymal transition, mesenchymal-epithelial 

transition, stem cells and beta-catenin. Cells Tissues Organs, 179, 56-65. 

BRAHMER, J. R., TYKODI, S. S., CHOW, L. Q., HWU, W. J., TOPALIAN, S. L., 

HWU, P., DRAKE, C. G., CAMACHO, L. H., KAUH, J., ODUNSI, K., PITOT, H. 

C., HAMID, O., BHATIA, S., MARTINS, R., EATON, K., CHEN, S., SALAY, T. 

M., ALAPARTHY, S., GROSSO, J. F., KORMAN, A. J., PARKER, S. M., 

AGRAWAL, S., GOLDBERG, S. M., PARDOLL, D. M., GUPTA, A. & 

WIGGINTON, J. M. 2012. Safety and activity of anti-PD-L1 antibody in patients 

with advanced cancer. N Engl J Med, 366, 2455-65. 



429 
 

BRIEDE, I., STRUMFA, I., VANAGS, A. & GARDOVSKIS, J. 2020. The Association 

Between Inflammation, Epithelial Mesenchymal Transition and Stemness in 

Colorectal Carcinoma. J Inflamm Res, 13, 15-34. 

BUCKOWITZ, A., KNAEBEL, H. P., BENNER, A., BLAKER, H., GEBERT, J., 

KIENLE, P., VON KNEBEL DOEBERITZ, M. & KLOOR, M. 2005. 

Microsatellite instability in colorectal cancer is associated with local lymphocyte 

infiltration and low frequency of distant metastases. Br J Cancer, 92, 1746-53. 

CALIK, I., CALIK, M., TURKEN, G., OZERCAN, I. H., DAGLI, A. F., ARTAS, G. & 

SARIKAYA, B. 2019. Intratumoral Cytotoxic T-Lymphocyte Density and PD-L1 

Expression Are Prognostic Biomarkers for Patients with Colorectal Cancer. 

Medicina (Kaunas), 55. 

CALLAHAN, M. K., ODUNSI, K., SZNOL, M., NEMUNAITIS, J. J., OTT, P. A., 

DILLON, P. M., PARK, A. J., SCHWARZENBERGER, P., RICCIARDI, T., 

MACRI, M. J., RYAN, A., VENHAUS, R. R. & WOLCHOK, J. D. 2017. Phase 1 

study to evaluate the safety and tolerability of MEDI4736 (durvalumab, DUR) + 

tremelimumab (TRE) in patients with advanced solid tumors. Journal of Clinical 

Oncology, 35, 3069-3069. 

CANCER_RESEARCH_UK. 2020. Bowel Cancer: Survival [Online]. Available: 

http://www.cancerresearchuk.org/about-cancer/bowel-cancer/survival [Accessed 

9th April 2021]. 

CANNA, K., MCARDLE, P. A., MCMILLAN, D. C., MCNICOL, A. M., SMITH, G. 

W., MCKEE, R. F. & MCARDLE, C. S. 2005. The relationship between tumour T-

lymphocyte infiltration, the systemic inflammatory response and survival in 

patients undergoing curative resection for colorectal cancer. Br J Cancer, 92, 651-4. 



430 
 

CASSIER, P. A., GARIN, G., EBERST, L., DELORD, J.-P., CHABAUD, S., TERRET, 

C., MONTANE, L., BIDAUX, A.-S., LAURENT, S., JAUBERT, L., FERLAY, C., 

BERNARDIN, M., TABONE-EGLINGER, S., GILLES-AFCHAIN, L., 

MENETRIER-CAUX, C., CAUX, C., TREILLEUX, I., PÉROL, D. & GOMEZ-

ROCA, C. A. 2019. MEDIPLEX: A phase 1 study of durvalumab (D) combined 

with pexidartinib (P) in patients (pts) with advanced pancreatic ductal 

adenocarcinoma (PDAC) and colorectal cancer (CRC). Journal of Clinical 

Oncology, 37, 2579-2579. 

CHA, Y. J., PARK, E. J., BAIK, S. H., LEE, K. Y. & KANG, J. 2019. Clinical 

significance of tumor-infiltrating lymphocytes and neutrophil-to-lymphocyte ratio 

in patients with stage III colon cancer who underwent surgery followed by 

FOLFOX chemotherapy. Sci Rep, 9, 11617. 

CHALABI, M., FANCHI, L. F., DIJKSTRA, K. K., VAN DEN BERG, J. G., 

AALBERS, A. G., SIKORSKA, K., LOPEZ-YURDA, M., GROOTSCHOLTEN, 

C., BEETS, G. L., SNAEBJORNSSON, P., MAAS, M., MERTZ, M., VENINGA, 

V., BOUNOVA, G., BROEKS, A., BEETS-TAN, R. G., DE WIJKERSLOOTH, T. 

R., VAN LENT, A. U., MARSMAN, H. A., NUIJTEN, E., KOK, N. F., KUIPER, 

M., VERBEEK, W. H., KOK, M., VAN LEERDAM, M. E., SCHUMACHER, T. 

N., VOEST, E. E. & HAANEN, J. B. 2020. Neoadjuvant immunotherapy leads to 

pathological responses in MMR-proficient and MMR-deficient early-stage colon 

cancers. Nature Medicine. 

CHEN, E. X., JONKER, D. J., KENNECKE, H. F., BERRY, S. R., COUTURE, F., 

AHMAD, C. E., GOFFIN, J. R., KAVAN, P., HARB, M., COLWELL, B., 

SAMIMI, S., SAMSON, B., ABBAS, T., AUCOIN, N., AUBIN, F., KOSKI, S. L., 

WEI, A. C.-C., MAGOSKI, N. M., TU, D. & O'CALLAGHAN, C. J. 2019a. 

CCTG CO.26 trial: A phase II randomized study of durvalumab (D) plus 



431 
 

tremelimumab (T) and best supportive care (BSC) versus BSC alone in patients 

(pts) with advanced refractory colorectal carcinoma (rCRC). Journal of Clinical 

Oncology, 37, 481-481. 

CHEN, J. & CHEN, Z. 2014. The effect of immune microenvironment on the progression 

and prognosis of colorectal cancer. Med Oncol, 31, 82. 

CHEN, T. W., HUANG, K. C., CHIANG, S. F., CHEN, W. T., KE, T. W. & CHAO, K. 

S. C. 2019b. Prognostic relevance of programmed cell death-ligand 1 expression 

and CD8+ TILs in rectal cancer patients before and after neoadjuvant 

chemoradiotherapy. J Cancer Res Clin Oncol, 145, 1043-1053. 

CHEN, Y., YUAN, R., WU, X., HE, X., ZENG, Y., FAN, X., WANG, L., WANG, J., 

LAN, P. & WU, X. 2016. A Novel Immune Marker Model Predicts Oncological 

Outcomes of Patients with Colorectal Cancer. Ann Surg Oncol, 23, 826-32. 

CHEN, Y. L., WANG, G. X., LIN, B. A. & HUANG, J. S. 2020. MicroRNA-93-5p 

expression in tumor tissue and its tumor suppressor function via targeting 

programmed death ligand-1 in colorectal cancer. Cell Biol Int. 

CHETTY, R. & GATTER, K. 1994. CD3: structure, function, and role of 

immunostaining in clinical practice. J Pathol, 173, 303-7. 

CHIBA, T., OHTANI, H., MIZOI, T., NAITO, Y., SATO, E., NAGURA, H., OHUCHI, 

A., OHUCHI, K., SHIIBA, K., KUROKAWA, Y. & SATOMI, S. 2004. 

Intraepithelial CD8+ T-cell-count becomes a prognostic factor after a longer 

follow-up period in human colorectal carcinoma: possible association with 

suppression of micrometastasis. Br J Cancer, 91, 1711-7. 

CIANCHI, F., PALOMBA, A., MESSERINI, L., BODDI, V., ASIRELLI, G., PERIGLI, 

G., BECHI, P., TADDEI, A., PUCCIANI, F. & CORTESINI, C. 2002. Tumor 



432 
 

angiogenesis in lymph node-negative rectal cancer: correlation with 

clinicopathological parameters and prognosis. Ann Surg Oncol, 9, 20-6. 

CIFCI, D., FOERSCH, S. & KATHER, J. N. 2022. Artificial intelligence to identify 

genetic alterations in conventional histopathology. J Pathol, 257, 430-444. 

CLIMENT, M., RYAN, E. J., STAKELUM, A., KHAW, Y. L., CREAVIN, B., LLOYD, 

A., ALHASSAN, D., MOHAN, H. M., KENNELLY, R., SHEAHAN, K. & 

WINTER, D. C. 2019. Systemic inflammatory response predicts oncological 

outcomes in patients undergoing elective surgery for mismatch repair-deficient 

colorectal cancer. Int J Colorectal Dis, 34, 1069-1078. 

COCA, S., PEREZ-PIQUERAS, J., MARTINEZ, D., COLMENAREJO, A., SAEZ, M. 

A., VALLEJO, C., MARTOS, J. A. & MORENO, M. 1997. The prognostic 

significance of intratumoral natural killer cells in patients with colorectal 

carcinoma. Cancer, 79, 2320-8. 

COLAMATTEO, A., CARBONE, F., BRUZZANITI, S., GALGANI, M., FUSCO, C., 

MANISCALCO, G. T., DI RELLA, F., DE CANDIA, P. & DE ROSA, V. 2019. 

Molecular Mechanisms Controlling Foxp3 Expression in Health and 

Autoimmunity: From Epigenetic to Post-translational Regulation. Front Immunol, 

10, 3136. 

CONTI, J. & THOMAS, G. 2011. The role of tumour stroma in colorectal cancer 

invasion and metastasis. Cancers (Basel), 3, 2160-8. 

CORREALE, P., ROTUNDO, M. S., DEL VECCHIO, M. T., REMONDO, C., MIGALI, 

C., GINANNESCHI, C., TSANG, K. Y., LICCHETTA, A., MANNUCCI, S., 

LOIACONO, L., TASSONE, P., FRANCINI, G. & TAGLIAFERRI, P. 2010. 

Regulatory (FoxP3+) T-cell tumor infiltration is a favorable prognostic factor in 



433 
 

advanced colon cancer patients undergoing chemo or chemoimmunotherapy. J 

Immunother, 33, 435-41. 

CORTÉS, J., SAURA, C., BELLET, M., MUÑOZ-COUSELO, E., RAMÍREZ-

MERINO, N., CALVO, V., PÉREZ, J. & VIDAL, M. 2011. HER2 and hormone 

receptor-positive breast cancer--blocking the right target. Nat Rev Clin Oncol, 8, 

307-11. 

D'ALTERIO, C., NASTI, G., POLIMENO, M., OTTAIANO, A., CONSON, M., 

CIRCELLI, L., BOTTI, G., SCOGNAMIGLIO, G., SANTAGATA, S., DE 

DIVITIIS, C., NAPPI, A., NAPOLITANO, M., TATANGELO, F., PACELLI, R., 

IZZO, F., VUTTARIELLO, E., BOTTI, G. & SCALA, S. 2016. CXCR4-CXCL12-

CXCR7, TLR2-TLR4, and PD-1/PD-L1 in colorectal cancer liver metastases from 

neoadjuvant-treated patients. Oncoimmunology, 5, e1254313. 

DAHLIN, A. M., HENRIKSSON, M. L., VAN GUELPEN, B., STENLING, R., 

OBERG, A., RUTEGARD, J. & PALMQVIST, R. 2011. Colorectal cancer 

prognosis depends on T-cell infiltration and molecular characteristics of the tumor. 

Mod Pathol, 24, 671-82. 

DAWES, R., PETROVA, S., LIU, Z., WRAITH, D., BEVERLEY, P. C. & TCHILIAN, 

E. Z. 2006. Combinations of CD45 isoforms are crucial for immune function and 

disease. J Immunol, 176, 3417-25. 

DE PALMA, M. & LEWIS, C. E. 2013. Macrophage regulation of tumor responses to 

anticancer therapies. Cancer Cell, 23, 277-86. 

DE ROSA, M., PACE, U., REGA, D., COSTABILE, V., DURATURO, F., IZZO, P. & 

DELRIO, P. 2015. Genetics, diagnosis and management of colorectal cancer 

(Review). Oncol Rep, 34, 1087-96. 



434 
 

DESCHOOLMEESTER, V., BAAY, M., VAN MARCK, E., WEYLER, J., 

VERMEULEN, P., LARDON, F. & VERMORKEN, J. B. 2010. Tumor infiltrating 

lymphocytes: an intriguing player in the survival of colorectal cancer patients. 

BMC Immunol, 11, 19. 

DIENSTMANN, R., MASON, M. J., SINICROPE, F. A., PHIPPS, A. I., TEJPAR, S., 

NESBAKKEN, A., DANIELSEN, S. A., SVEEN, A., BUCHANAN, D. D., 

CLENDENNING, M., ROSTY, C., BOT, B., ALBERTS, S. R., JESSUP, J. M., 

LOTHE, R. A., DELORENZI, M., NEWCOMB, P. A., SARGENT, D. & 

GUINNEY, J. 2017. Prediction of overall survival in stage II and III colon cancer 

beyond TNM system: a retrospective, pooled biomarker study. Annals of 

Oncology, 28, 1023-1031. 

DING, D., YAO, Y., YANG, C. & ZHANG, S. 2018. Identification of mannose receptor 

and CD163 as novel biomarkers for colorectal cancer. Cancer Biomark, 21, 689-

700. 

DOLCETTI, R., VIEL, A., DOGLIONI, C., RUSSO, A., GUIDOBONI, M., CAPOZZI, 

E., VECCHIATO, N., MACRI, E., FORNASARIG, M. & BOIOCCHI, M. 1999. 

High prevalence of activated intraepithelial cytotoxic T lymphocytes and increased 

neoplastic cell apoptosis in colorectal carcinomas with microsatellite instability. 

Am J Pathol, 154, 1805-13. 

DROESER, R. A., HIRT, C., VIEHL, C. T., FREY, D. M., NEBIKER, C., HUBER, X., 

ZLOBEC, I., EPPENBERGER-CASTORI, S., TZANKOV, A., ROSSO, R., 

ZUBER, M., MURARO, M. G., AMICARELLA, F., CREMONESI, E., 

HEBERER, M., IEZZI, G., LUGLI, A., TERRACCIANO, L., SCONOCCHIA, G., 

OERTLI, D., SPAGNOLI, G. C. & TORNILLO, L. 2013. Clinical impact of 



435 
 

programmed cell death ligand 1 expression in colorectal cancer. Eur J Cancer, 49, 

2233-42. 

DUNN, G. P., OLD, L. J. & SCHREIBER, R. D. 2004. The three Es of cancer 

immunoediting. Annu Rev Immunol, 22, 329-60. 

DVORAK, H. F. 2015. Tumor Stroma, Tumor Blood Vessels, and Antiangiogenesis 

Therapy. Cancer J, 21, 237-43. 

EDIN, S., WIKBERG, M. L., DAHLIN, A. M., RUTEGARD, J., OBERG, A., 

OLDENBORG, P. A. & PALMQVIST, R. 2012. The distribution of macrophages 

with a M1 or M2 phenotype in relation to prognosis and the molecular 

characteristics of colorectal cancer. PLoS One, 7, e47045. 

ENG, C., KIM, T. W., BENDELL, J., ARGILES, G., TEBBUTT, N. C., DI 

BARTOLOMEO, M., FALCONE, A., FAKIH, M., KOZLOFF, M., SEGAL, N. 

H., SOBRERO, A., YAN, Y., CHANG, I., UYEI, A., ROBERTS, L., 

CIARDIELLO, F. & INVESTIGATORS, I. M. 2019. Atezolizumab with or 

without cobimetinib versus regorafenib in previously treated metastatic colorectal 

cancer (IMblaze370): a multicentre, open-label, phase 3, randomised, controlled 

trial. Lancet Oncol, 20, 849-861. 

ENKHBAT, T., NISHI, M., TAKASU, C., YOSHIKAWA, K., JUN, H., TOKUNAGA, 

T., KASHIHARA, H., ISHIKAWA, D. & SHIMADA, M. 2018. Programmed Cell 

Death Ligand 1 Expression Is an Independent Prognostic Factor in Colorectal 

Cancer. Anticancer Res, 38, 3367-3373. 

ERIKSEN, A. C., SORENSEN, F. B., LINDEBJERG, J., HAGER, H., DEPONT 

CHRISTENSEN, R., KJAER-FRIFELDT, S. & HANSEN, T. F. 2019. 

Programmed Death Ligand-1 expression in stage II colon cancer - experiences from 

a nationwide populationbased cohort. BMC Cancer, 19, 142. 



436 
 

ERIKSEN, A. C., SØRENSEN, F. B., LINDEBJERG, J., HAGER, H., DEPONT 

CHRISTENSEN, R., KJÆR-FRIFELDT, S. & HANSEN, T. F. 2018. The 

Prognostic Value of Tumor-Infiltrating lymphocytes in Stage II Colon Cancer. A 

Nationwide Population-Based Study. Transl Oncol, 11, 979-987. 

FEARON, E. R. & VOGELSTEIN, B. 1990. A genetic model for colorectal 

tumorigenesis. Cell, 61, 759-67. 

FENG, Q., CHANG, W., MAO, Y., HE, G., ZHENG, P., TANG, W., WEI, Y., REN, L., 

ZHU, D., JI, M., TU, Y., QIN, X. & XU, J. 2019. Tumor-associated Macrophages 

as Prognostic and Predictive Biomarkers for Postoperative Adjuvant Chemotherapy 

in Patients with Stage II Colon Cancer. Clin Cancer Res. 

FLAHERTY, D. C., LAVOTSHKIN, S., JALAS, J. R., TORISU-ITAKURA, H., 

KIRCHOFF, D. D., SIM, M. S., LEE, D. J. & BILCHIK, A. J. 2016. Prognostic 

Utility of Immunoprofiling in Colon Cancer: Results from a Prospective, 

Multicenter Nodal Ultrastaging Trial. J Am Coll Surg, 223, 134-40. 

FLOUDAS, C. S., BRAR, G., MABRY-HRONES, D., DUFFY, A. G., WOOD, B., 

LEVY, E., KRISHNASAMY, V., FIORAVANTI, S., BONILLA, C. M., 

WALKER, M., MORELLI, M. P., KLEINER, D. E., STEINBERG, S. M., FIGG, 

W. D., GRETEN, T. F. & XIE, C. Q. 2019. A Pilot Study of the PD-1 Targeting 

Agent AMP-224 Used With Low-Dose Cyclophosphamide and Stereotactic Body 

Radiation Therapy in Patients With Metastatic Colorectal Cancer. Clinical 

Colorectal Cancer, 18, E349-E360. 

FORSSELL, J., OBERG, A., HENRIKSSON, M. L., STENLING, R., JUNG, A. & 

PALMQVIST, R. 2007. High macrophage infiltration along the tumor front 

correlates with improved survival in colon cancer. Clin Cancer Res, 13, 1472-9. 



437 
 

FREEMAN, G. J., LONG, A. J., IWAI, Y., BOURQUE, K., CHERNOVA, T., 

NISHIMURA, H., FITZ, L. J., MALENKOVICH, N., OKAZAKI, T., BYRNE, M. 

C., HORTON, H. F., FOUSER, L., CARTER, L., LING, V., BOWMAN, M. R., 

CARRENO, B. M., COLLINS, M., WOOD, C. R. & HONJO, T. 2000. 

Engagement of the PD-1 immunoinhibitory receptor by a novel B7 family member 

leads to negative regulation of lymphocyte activation. J Exp Med, 192, 1027-34. 

FREY, D. M., DROESER, R. A., VIEHL, C. T., ZLOBEC, I., LUGLI, A., ZINGG, U., 

OERTLI, D., KETTELHACK, C., TERRACCIANO, L. & TORNILLO, L. 2010. 

High frequency of tumor-infiltrating FOXP3(+) regulatory T cells predicts 

improved survival in mismatch repair-proficient colorectal cancer patients. Int J 

Cancer, 126, 2635-43. 

FRIDMAN, W. H., MILLER, I., SAUTÈS-FRIDMAN, C. & BYRNE, A. T. 2020. 

Therapeutic Targeting of the Colorectal Tumor Stroma. Gastroenterology, 158, 

303-321. 

FUNADA, Y., NOGUCHI, T., KIKUCHI, R., TAKENO, S., UCHIDA, Y. & 

GABBERT, H. E. 2003. Prognostic significance of CD8+ T cell and macrophage 

peritumoral infiltration in colorectal cancer. Oncol Rep, 10, 309-13. 

GALON, J. & BRUNI, D. 2019. Approaches to treat immune hot, altered and cold 

tumours with combination immunotherapies. Nat Rev Drug Discov, 18, 197-218. 

GALON, J., COSTES, A., SANCHEZ-CABO, F., KIRILOVSKY, A., MLECNIK, B., 

LAGORCE-PAGÈS, C., TOSOLINI, M., CAMUS, M., BERGER, A., WIND, P., 

ZINZINDOHOUÉ, F., BRUNEVAL, P., CUGNENC, P. H., TRAJANOSKI, Z., 

FRIDMAN, W. H. & PAGÈS, F. 2006. Type, density, and location of immune cells 

within human colorectal tumors predict clinical outcome. Science, 313, 1960-4. 



438 
 

GALON, J., MLECNIK, B., BINDEA, G., ANGELL, H. K., BERGER, A., LAGORCE, 

C., LUGLI, A., ZLOBEC, I., HARTMANN, A., BIFULCO, C., NAGTEGAAL, I. 

D., PALMQVIST, R., MASUCCI, G. V., BOTTI, G., TATANGELO, F., DELRIO, 

P., MAIO, M., LAGHI, L., GRIZZI, F., ASSLABER, M., D'ARRIGO, C., VIDAL-

VANACLOCHA, F., ZAVADOVA, E., CHOUCHANE, L., OHASHI, P. S., 

HAFEZI-BAKHTIARI, S., WOUTERS, B. G., ROEHRL, M., NGUYEN, L., 

KAWAKAMI, Y., HAZAMA, S., OKUNO, K., OGINO, S., GIBBS, P., 

WARING, P., SATO, N., TORIGOE, T., ITOH, K., PATEL, P. S., SHUKLA, S. 

N., WANG, Y., KOPETZ, S., SINICROPE, F. A., SCRIPCARIU, V., ASCIERTO, 

P. A., MARINCOLA, F. M., FOX, B. A. & PAGÈS, F. 2014. Towards the 

introduction of the 'Immunoscore' in the classification of malignant tumours. J 

Pathol, 232, 199-209. 

GAO, J. F., ARBMAN, G., WADHRA, T. I., ZHANG, H. & SUN, X. F. 2005. 

Relationships of tumor inflammatory infiltration and necrosis with microsatellite 

instability in colorectal cancers. World J Gastroenterol, 11, 2179-83. 

GLYNNE-JONES, R., WYRWICZ, L., TIRET, E., BROWN, G., RÖDEL, C., 

CERVANTES, A., ARNOLD, D. & COMMITTEE, E. G. 2017. Rectal cancer: 

ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann 

Oncol, 28, iv22-iv40. 

GOLDMAN, I. D. & MATHERLY, L. H. 1987. Biochemical factors in the selectivity of 

leucovorin rescue: selective inhibition of leucovorin reactivation of dihydrofolate 

reductase and leucovorin utilization in purine and pyrimidine biosynthesis by 

methotrexate and dihydrofolate polyglutamates. NCI Monogr, 17-26. 

GRAHAM, D. M. & APPELMAN, H. D. 1990. Crohn's-like lymphoid reaction and 

colorectal carcinoma: a potential histologic prognosticator. Mod Pathol, 3, 332-5. 



439 
 

GRIGORE, A. D., JOLLY, M. K., JIA, D., FARACH-CARSON, M. C. & LEVINE, H. 

2016. Tumor Budding: The Name is EMT. Partial EMT. J Clin Med, 5. 

GROTHEY, A., PRAGER, G. & YOSHINO, T. 2019. The Mechanism of Action of 

Regorafenib in Colorectal Cancer: A Guide for the Community Physician. Clin 

Adv Hematol Oncol, 17 Suppl 12, 1-19. 

GUIDOBONI, M., GAFA, R., VIEL, A., DOGLIONI, C., RUSSO, A., SANTINI, A., 

DEL TIN, L., MACRI, E., LANZA, G., BOIOCCHI, M. & DOLCETTI, R. 2001. 

Microsatellite instability and high content of activated cytotoxic lymphocytes 

identify colon cancer patients with a favorable prognosis. Am J Pathol, 159, 297-

304. 

GUINNEY, J., DIENSTMANN, R., WANG, X., DE REYNIES, A., SCHLICKER, A., 

SONESON, C., MARISA, L., ROEPMAN, P., NYAMUNDANDA, G., 

ANGELINO, P., BOT, B. M., MORRIS, J. S., SIMON, I. M., GERSTER, S., 

FESSLER, E., DE SOUSA, E. M. F., MISSIAGLIA, E., RAMAY, H., BARRAS, 

D., HOMICSKO, K., MARU, D., MANYAM, G. C., BROOM, B., BOIGE, V., 

PEREZ-VILLAMIL, B., LADERAS, T., SALAZAR, R., GRAY, J. W., 

HANAHAN, D., TABERNERO, J., BERNARDS, R., FRIEND, S. H., LAURENT-

PUIG, P., MEDEMA, J. P., SADANANDAM, A., WESSELS, L., DELORENZI, 

M., KOPETZ, S., VERMEULEN, L. & TEJPAR, S. 2015a. The consensus 

molecular subtypes of colorectal cancer. Nat Med, 21, 1350-6. 

GUINNEY, J., DIENSTMANN, R., WANG, X., DE REYNIÈS, A., SCHLICKER, A., 

SONESON, C., MARISA, L., ROEPMAN, P., NYAMUNDANDA, G., 

ANGELINO, P., BOT, B. M., MORRIS, J. S., SIMON, I. M., GERSTER, S., 

FESSLER, E., DE SOUSA E MELO, F., MISSIAGLIA, E., RAMAY, H., 

BARRAS, D., HOMICSKO, K., MARU, D., MANYAM, G. C., BROOM, B., 



440 
 

BOIGE, V., PEREZ-VILLAMIL, B., LADERAS, T., SALAZAR, R., GRAY, J. 

W., HANAHAN, D., TABERNERO, J., BERNARDS, R., FRIEND, S. H., 

LAURENT-PUIG, P., MEDEMA, J. P., SADANANDAM, A., WESSELS, L., 

DELORENZI, M., KOPETZ, S., VERMEULEN, L. & TEJPAR, S. 2015b. The 

consensus molecular subtypes of colorectal cancer. Nat Med, 21, 1350-6. 

GULUBOVA, M., ANANIEV, J., YOVCHEV, Y., JULIANOV, A., 

KARASHMALAKOV, A. & VLAYKOVA, T. 2013. The density of macrophages 

in colorectal cancer is inversely correlated to TGF-beta1 expression and patients' 

survival. J Mol Histol, 44, 679-92. 

GURJAO, C., LIU, D., HOFREE, M., ALDUBAYAN, S. H., WAKIRO, I., SU, M. J., 

FELT, K., GJINI, E., BRAIS, L. K., ROTEM, A., ROSENTHAL, M. H., 

ROZENBLATT-ROSEN, O., RODIG, S., NG, K., VAN ALLEN, E. M., 

CORSELLO, S. M., OGINO, S., REGEV, A., NOWAK, J. A. & GIANNAKIS, M. 

2019. Intrinsic Resistance to Immune Checkpoint Blockade in a Mismatch Repair 

Deficient Colorectal Cancer. Cancer Immunol Res. 

HALAMA, N., MICHEL, S., KLOOR, M., ZOERNIG, I., BENNER, A., SPILLE, A., 

POMMERENCKE, T., VON KNEBEL, D. M., FOLPRECHT, G., LUBER, B., 

FEYEN, N., MARTENS, U. M., BECKHOVE, P., GNJATIC, S., 

SCHIRMACHER, P., HERPEL, E., WEITZ, J., GRABE, N. & JAEGER, D. 2011. 

Localization and density of immune cells in the invasive margin of human 

colorectal cancer liver metastases are prognostic for response to chemotherapy. 

Cancer Res, 71, 5670-7. 

HALAMA, N., PRUEFER, U., FRÖMMING, A., BEYER, D., EULBERG, D., 

JUNGNELIUS, J. U. B. & MANGASARIAN, A. 2019. Experience with CXCL12 

inhibitor NOX-A12 plus pembrolizumab in patients with microsatellite-stable, 



441 
 

metastatic colorectal or pancreatic cancer. Journal of Clinical Oncology, 37, 

e14143-e14143. 

HAMADA, T., CAO, Y., QIAN, Z. R., MASUGI, Y., NOWAK, J. A., YANG, J., 

SONG, M., MIMA, K., KOSUMI, K., LIU, L., SHI, Y., DA SILVA, A., GU, M., 

LI, W., KEUM, N., ZHANG, X., WU, K., MEYERHARDT, J. A., 

GIOVANNUCCI, E. L., GIANNAKIS, M., RODIG, S. J., FREEMAN, G. J., 

NEVO, D., WANG, M., CHAN, A. T., FUCHS, C. S., NISHIHARA, R. & 

OGINO, S. 2017. Aspirin Use and Colorectal Cancer Survival According to Tumor 

CD274 (Programmed Cell Death 1 Ligand 1) Expression Status. J Clin Oncol, 35, 

1836-1844. 

HAMADA, T., NOWAK, J. A., MILNER, D. A., SONG, M. & OGINO, S. 2019. 

Integration of microbiology, molecular pathology, and epidemiology: a new 

paradigm to explore the pathogenesis of microbiome-driven neoplasms. J Pathol, 

247, 615-628. 

HAMADA, T., SOONG, T. R., MASUGI, Y., KOSUMI, K., NOWAK, J. A., DA 

SILVA, A., MU, X. J., TWOMBLY, T. S., KOH, H., YANG, J., SONG, M., LIU, 

L., GU, M., SHI, Y., NOSHO, K., MORIKAWA, T., INAMURA, K., SHUKLA, S. 

A., WU, C. J., GARRAWAY, L. A., ZHANG, X., WU, K., MEYERHARDT, J. A., 

CHAN, A. T., GLICKMAN, J. N., RODIG, S. J., FREEMAN, G. J., FUCHS, C. S., 

NISHIHARA, R., GIANNAKIS, M. & OGINO, S. 2018. TIME (Tumor Immunity 

in the MicroEnvironment) classification based on tumor. Oncoimmunology, 7, 

e1442999. 

HANKE, T., MELLING, N., SIMON, R., SAUTER, G., BOKEMEYER, C., LEBOK, P., 

TERRACCIANO, L. M., IZBICKI, J. R. & MARX, A. H. 2015. High intratumoral 



442 
 

FOXP3⁺ T regulatory cell (Tregs) density is an independent good prognosticator in 

nodal negative colorectal cancer. Int J Clin Exp Pathol, 8, 8227-35. 

HANSEN, T. F., KJÆR-FRIFELDT, S., LINDEBJERG, J., RAFAELSEN, S. R., 

JENSEN, L. H., JAKOBSEN, A. & SØRENSEN, F. B. 2018. Tumor-stroma ratio 

predicts recurrence in patients with colon cancer treated with neoadjuvant 

chemotherapy. Acta Oncol, 57, 528-533. 

HARRISON, J. C., DEAN, P. J., EL-ZEKY, F. & VANDER ZWAAG, R. 1995. Impact 

of the Crohn's-like lymphoid reaction on staging of right-sided colon cancer: results 

of multivariate analysis. Hum Pathol, 26, 31-8. 

HAV, M., LIBBRECHT, L., FERDINANDE, L., GEBOES, K., PATTYN, P. & 

CUVELIER, C. A. 2015. Pathologic Assessment of Rectal Carcinoma after 

Neoadjuvant Radio(chemo)therapy: Prognostic Implications. Biomed Res Int, 

2015, 574540. 

HECHT, M., BUTTNER-HEROLD, M., ERLENBACH-WUNSCH, K., HADERLEIN, 

M., CRONER, R., GRUTZMANN, R., HARTMANN, A., FIETKAU, R. & 

DISTEL, L. V. 2016. PD-L1 is upregulated by radiochemotherapy in rectal 

adenocarcinoma patients and associated with a favourable prognosis. Eur J Cancer, 

65, 52-60. 

HELLMANN, M. D., KIM, T. W., LEE, C. B., GOH, B. C., MILLER, W. H., JR., OH, 

D. Y., JAMAL, R., CHEE, C. E., CHOW, L. Q. M., GAINOR, J. F., DESAI, J., 

SOLOMON, B. J., DAS THAKUR, M., PITCHER, B., FOSTER, P., 

HERNANDEZ, G., WONGCHENKO, M. J., CHA, E., BANG, Y. J., SIU, L. L. & 

BENDELL, J. 2019. Phase Ib study of atezolizumab combined with cobimetinib in 

patients with solid tumors. Ann Oncol, 30, 1134-1142. 



443 
 

HENDRY, S., SALGADO, R., GEVAERT, T., RUSSELL, P. A., JOHN, T., THAPA, B., 

CHRISTIE, M., VAN DE VIJVER, K., ESTRADA, M. V., GONZALEZ-

ERICSSON, P. I., SANDERS, M., SOLOMON, B., SOLINAS, C., VAN DEN 

EYNDEN, G., ALLORY, Y., PREUSSER, M., HAINFELLNER, J., PRUNERI, 

G., VINGIANI, A., DEMARIA, S., SYMMANS, F., NUCIFORO, P., 

COMERMA, L., THOMPSON, E. A., LAKHANI, S., KIM, S. R., SCHNITT, S., 

COLPAERT, C., SOTIRIOU, C., SCHERER, S. J., IGNATIADIS, M., BADVE, 

S., PIERCE, R. H., VIALE, G., SIRTAINE, N., PENAULT-LLORCA, F., SUGIE, 

T., FINEBERG, S., PAIK, S., SRINIVASAN, A., RICHARDSON, A., WANG, Y., 

CHMIELIK, E., BROCK, J., JOHNSON, D. B., BALKO, J., WIENERT, S., 

BOSSUYT, V., MICHIELS, S., TERNES, N., BURCHARDI, N., LUEN, S. J., 

SAVAS, P., KLAUSCHEN, F., WATSON, P. H., NELSON, B. H., 

CRISCITIELLO, C., O'TOOLE, S., LARSIMONT, D., DE WIND, R., 

CURIGLIANO, G., ANDRE, F., LACROIX-TRIKI, M., VAN DE VIJVER, M., 

ROJO, F., FLORIS, G., BEDRI, S., SPARANO, J., RIMM, D., NIELSEN, T., 

KOS, Z., HEWITT, S., SINGH, B., FARSHID, G., LOIBL, S., ALLISON, K. H., 

TUNG, N., ADAMS, S., WILLARD-GALLO, K., HORLINGS, H. M., GANDHI, 

L., MOREIRA, A., HIRSCH, F., DIECI, M. V., URBANOWICZ, M., BRCIC, I., 

KORSKI, K., GAIRE, F., KOEPPEN, H., LO, A., GILTNANE, J., REBELATTO, 

M. C., STEELE, K. E., ZHA, J., EMANCIPATOR, K., JUCO, J. W., DENKERT, 

C., REIS-FILHO, J., LOI, S. & FOX, S. B. 2017. Assessing Tumor-Infiltrating 

Lymphocytes in Solid Tumors: A Practical Review for Pathologists and Proposal 

for a Standardized Method from the International Immuno-Oncology Biomarkers 

Working Group: Part 2: TILs in Melanoma, Gastrointestinal Tract Carcinomas, 

Non-Small Cell Lung Carcinoma and Mesothelioma, Endometrial and Ovarian 



444 
 

Carcinomas, Squamous Cell Carcinoma of the Head and Neck, Genitourinary 

Carcinomas, and Primary Brain Tumors. Adv Anat Pathol, 24, 311-335. 

HERRERA, M., HERRERA, A., DOMINGUEZ, G., SILVA, J., GARCIA, V., GARCIA, 

J. M., GOMEZ, I., SOLDEVILLA, B., MUNOZ, C., PROVENCIO, M., 

CAMPOS-MARTIN, Y., GARCIA DE HERREROS, A., CASAL, I., BONILLA, 

F. & PENA, C. 2013. Cancer-associated fibroblast and M2 macrophage markers 

together predict outcome in colorectal cancer patients. Cancer Sci, 104, 437-44. 

HO, H. L., CHOU, T. Y., YANG, S. H., JIANG, J. K., CHEN, W. S., CHAO, Y. & 

TENG, H. W. 2019. PD-L1 is a double-edged sword in colorectal cancer: the 

prognostic value of PD-L1 depends on the cell type expressing PD-L1. J Cancer 

Res Clin Oncol, 145, 1785-1794. 

HOCHSTER, H. S., BENDELL, J. C., CLEARY, J. M., FOSTER, P., ZHANG, W., HE, 

X., HERNANDEZ, G., IIZUKA, K. & ECKHARDT, S. G. 2017. Efficacy and 

safety of atezolizumab (atezo) and bevacizumab (bev) in a phase Ib study of 

microsatellite instability (MSI)-high metastatic colorectal cancer (mCRC). Journal 

of Clinical Oncology, 35, 673-673. 

HU, X., LI, Y. Q., LI, Q. G., MA, Y. L., PENG, J. J. & CAI, S. J. 2018. ITGAE Defines 

CD8+ Tumor-Infiltrating Lymphocytes Predicting a better Prognostic Survival in 

Colorectal Cancer. EBioMedicine, 35, 178-188. 

HUANG, C. Y., CHIANG, S. F., KE, T. W., CHEN, T. W., LAN, Y. C., YOU, Y. S., 

SHIAU, A. C., CHEN, W. T. & CHAO, K. S. C. 2018. Cytosolic high-mobility 

group box protein 1 (HMGB1) and/or PD-1+ TILs in the tumor microenvironment 

may be contributing prognostic biomarkers for patients with locally advanced rectal 

cancer who have undergone neoadjuvant chemoradiotherapy. Cancer Immunol 

Immunother, 67, 551-562. 



445 
 

HUBBARD, J. M., PATEL, M. R., BEKAII-SAAB, T. S., FALCHOOK, G. S., 

FREILICH, B. L., DASARI, A., KNISELY, B. T., ANDERSON, M., CHIANG, G. 

G., WEBSTER, K. R., SPERRY, S., BARTON, J. & BENDELL, J. C. 2019. A 

phase II, open label, randomized, noncomparative study of eFT508 (tomivosertib) 

alone or in combination with avelumab in subjects with relapsed/refractory 

microsatellite stable colorectal cancer (MSS CRC). Journal of Clinical Oncology, 

37, e14145-e14145. 

HUH, J. W., LEE, J. H. & KIM, H. R. 2012. Prognostic significance of tumor-infiltrating 

lymphocytes for patients with colorectal cancer. Arch Surg, 147, 366-72. 

HUIJBERS, A., TOLLENAAR, R. A., V PELT, G. W., ZEESTRATEN, E. C., 

DUTTON, S., MCCONKEY, C. C., DOMINGO, E., SMIT, V. T., MIDGLEY, R., 

WARREN, B. F., JOHNSTONE, E. C., KERR, D. J. & MESKER, W. E. 2013. The 

proportion of tumor-stroma as a strong prognosticator for stage II and III colon 

cancer patients: validation in the VICTOR trial. Ann Oncol, 24, 179-85. 

HUTCHINS, G. G. A., TREANOR, D., WRIGHT, A., HANDLEY, K., MAGILL, L., 

TINKLER-HUNDAL, E., SOUTHWARD, K., SEYMOUR, M., KERR, D., 

GRAY, R., QUIRKE, P. & GROUP, Q. T. C. A. T. U. N. C. R. I. C. C. C. S. 2018. 

Intratumoral stromal morphometry predicts disease recurrence but not response to 

5-fluorouracil-results from the QUASAR trial of colorectal cancer. Histopathology, 

72, 391-404. 

HYNES, S. O., COLEMAN, H. G., KELLY, P. J., IRWIN, S., O'NEILL, R. F., GRAY, 

R. T., MCGREADY, C., DUNNE, P. D., MCQUAID, S., JAMES, J. A., SALTO-

TELLEZ, M. & LOUGHREY, M. B. 2017. Back to the future: routine 

morphological assessment of the tumour microenvironment is prognostic in stage 

II/III colon cancer in a large population-based study. Histopathology, 71, 12-26. 



446 
 

ISEKI, Y., SHIBUTANI, M., MAEDA, K., NAGAHARA, H., FUKUOKA, T., 

MATSUTANI, S., KASHIWAGI, S., TANAKA, H., HIRAKAWA, K. & OHIRA, 

M. 2018. A new method for evaluating tumor-infiltrating lymphocytes (TILs) in 

colorectal cancer using hematoxylin and eosin (H-E)-stained tumor sections. PLoS 

One, 13, e0192744. 

ISELLA, C., BRUNDU, F., BELLOMO, S. E., GALIMI, F., ZANELLA, E., 

PORPORATO, R., PETTI, C., FIORI, A., ORZAN, F., SENETTA, R., 

BOCCACCIO, C., FICARRA, E., MARCHIONNI, L., TRUSOLINO, L., 

MEDICO, E. & BERTOTTI, A. 2017. Selective analysis of cancer-cell intrinsic 

transcriptional traits defines novel clinically relevant subtypes of colorectal cancer. 

Nature Communications, 8, 15107. 

IVESON, T. J., KERR, R. S., SAUNDERS, M. P., CASSIDY, J., HOLLANDER, N. H., 

TABERNERO, J., HAYDON, A., GLIMELIUS, B., HARKIN, A., ALLAN, K., 

MCQUEEN, J., SCUDDER, C., BOYD, K. A., BRIGGS, A., WATERSTON, A., 

MEDLEY, L., WILSON, C., ELLIS, R., ESSAPEN, S., DHADDA, A. S., 

HARRISON, M., FALK, S., RAOUF, S., REES, C., OLESEN, R. K., PROPPER, 

D., BRIDGEWATER, J., AZZABI, A., FARRUGIA, D., WEBB, A., 

CUNNINGHAM, D., HICKISH, T., WEAVER, A., GOLLINS, S., WASAN, H. S. 

& PAUL, J. 2018. 3 versus 6 months of adjuvant oxaliplatin-fluoropyrimidine 

combination therapy for colorectal cancer (SCOT): an international, randomised, 

phase 3, non-inferiority trial. Lancet Oncol, 19, 562-578. 

IWAI, Y., TERAWAKI, S. & HONJO, T. 2005. PD-1 blockade inhibits hematogenous 

spread of poorly immunogenic tumor cells by enhanced recruitment of effector T 

cells. Int Immunol, 17, 133-44. 



447 
 

JASS, J. R. 1986. Lymphocytic infiltration and survival in rectal cancer. J Clin Pathol, 

39, 585-9. 

JASS, J. R. & SMITH, M. 1992. Sialic acid and epithelial differentiation in colorectal 

polyps and cancer--a morphological, mucin and lectin histochemical study. 

Pathology, 24, 233-42. 

JENKINS, M. A., HAYASHI, S., O'SHEA, A. M., BURGART, L. J., SMYRK, T. C., 

SHIMIZU, D., WARING, P. M., RUSZKIEWICZ, A. R., POLLETT, A. F., 

REDSTON, M., BARKER, M. A., BARON, J. A., CASEY, G. R., DOWTY, J. G., 

GILES, G. G., LIMBURG, P., NEWCOMB, P., YOUNG, J. P., WALSH, M. D., 

THIBODEAU, S. N., LINDOR, N. M., LEMARCHAND, L., GALLINGER, S., 

HAILE, R. W., POTTER, J. D., HOPPER, J. L., JASS, J. R. & COLON CANCER 

FAMILY, R. 2007. Pathology features in Bethesda guidelines predict colorectal 

cancer microsatellite instability: a population-based study. Gastroenterology, 133, 

48-56. 

KANDA, Y., KAWAGUCHI, T., OSAKI, M., ONUMA, K., OCHIYA, T., 

KITAGAWA, T. & OKADA, F. 2018. Fascin protein stabilization by miR-146a 

implicated in the process of a chronic inflammation-related colon carcinogenesis 

model. Inflamm Res, 67, 839-846. 

KASAJIMA, A., SERS, C., SASANO, H., JOHRENS, K., STENZINGER, A., NOSKE, 

A., BUCKENDAHL, A. C., DARB-ESFAHANI, S., MULLER, B. M., 

BUDCZIES, J., LEHMAN, A., DIETEL, M., DENKERT, C. & WEICHERT, W. 

2010. Down-regulation of the antigen processing machinery is linked to a loss of 

inflammatory response in colorectal cancer. Hum Pathol, 41, 1758-69. 

KATZ, S. C., BAMBOAT, Z. M., MAKER, A. V., SHIA, J., PILLARISETTY, V. G., 

YOPP, A. C., HEDVAT, C. V., GONEN, M., JARNAGIN, W. R., FONG, Y., 



448 
 

D'ANGELICA, M. I. & DEMATTEO, R. P. 2013. Regulatory T cell infiltration 

predicts outcome following resection of colorectal cancer liver metastases. Ann 

Surg Oncol, 20, 946-55. 

KATZ, S. C., PILLARISETTY, V., BAMBOAT, Z. M., SHIA, J., HEDVAT, C., 

GONEN, M., JARNAGIN, W., FONG, Y., BLUMGART, L., D'ANGELICA, M. 

& DEMATTEO, R. P. 2009. T cell infiltrate predicts long-term survival following 

resection of colorectal cancer liver metastases. Ann Surg Oncol, 16, 2524-30. 

KAWAKAMI, H., ZAANAN, A. & SINICROPE, F. A. 2015. Microsatellite instability 

testing and its role in the management of colorectal cancer. Curr Treat Options 

Oncol, 16, 30-44. 

KIM, J. H., KIM, K. J., BAE, J. M., RHEE, Y. Y., CHO, N. Y., LEE, H. S. & KANG, G. 

H. 2015a. Comparative validation of assessment criteria for Crohn-like lymphoid 

reaction in colorectal carcinoma. J Clin Pathol, 68, 22-8. 

KIM, J. H., PARK, H. E., CHO, N. Y., LEE, H. S. & KANG, G. H. 2016. 

Characterisation of PD-L1-positive subsets of microsatellite-unstable colorectal 

cancers. Br J Cancer, 115, 490-6. 

KIM, Y., BAE, J. M., LI, G., CHO, N. Y. & KANG, G. H. 2015b. Image analyzer-based 

assessment of tumor-infiltrating T cell subsets and their prognostic values in 

colorectal carcinomas. PLoS One, 10, e0122183. 

KIM, Y., WEN, X., BAE, J. M., KIM, J. H., CHO, N. Y. & KANG, G. H. 2018. The 

distribution of intratumoral macrophages correlates with molecular phenotypes and 

impacts prognosis in colorectal carcinoma. Histopathology, 73, 663-671. 

KIRILOVSKY, A., MARLIOT, F., EL SISSY, C., HAICHEUR, N., GALON, J. & 

PAGÈS, F. 2016. Rational bases for the use of the Immunoscore in routine clinical 



449 
 

settings as a prognostic and predictive biomarker in cancer patients. Int Immunol, 

28, 373-82. 

KLINTRUP, K., MAKINEN, J. M., KAUPPILA, S., VARE, P. O., MELKKO, J., 

TUOMINEN, H., TUPPURAINEN, K., MAKELA, J., KARTTUNEN, T. J. & 

MAKINEN, M. J. 2005. Inflammation and prognosis in colorectal cancer. Eur J 

Cancer, 41, 2645-54. 

KLOOR, M., STAFFA, L., AHADOVA, A. & VON KNEBEL DOEBERITZ, M. 2014. 

Clinical significance of microsatellite instability in colorectal cancer. Langenbecks 

Arch Surg, 399, 23-31. 

KOELZER, V. H., CANONICA, K., DAWSON, H., SOKOL, L., 

KARAMITOPOULOU-DIAMANTIS, E., LUGLI, A. & ZLOBEC, I. 2016. 

Phenotyping of tumor-associated macrophages in colorectal cancer: Impact on 

single cell invasion (tumor budding) and clinicopathological outcome. 

Oncoimmunology, 5, e1106677. 

KOELZER, V. H., LUGLI, A., DAWSON, H., HADRICH, M., BERGER, M. D., 

BORNER, M., MALLAEV, M., GALVAN, J. A., AMSLER, J., SCHNURIGER, 

B., ZLOBEC, I. & INDERBITZIN, D. 2014. CD8/CD45RO T-cell infiltration in 

endoscopic biopsies of colorectal cancer predicts nodal metastasis and survival. J 

Transl Med, 12, 81. 

KOGANEMARU, S., INOSHITA, N., MIURA, Y., MIYAMA, Y., FUKUI, Y., OZAKI, 

Y., TOMIZAWA, K., HANAOKA, Y., TODA, S., SUYAMA, K., TANABE, Y., 

MORIYAMA, J., FUJII, T., MATOBA, S., KUROYANAGI, H. & TAKANO, T. 

2017. Prognostic value of programmed death-ligand 1 expression in patients with 

stage III colorectal cancer. Cancer Sci, 108, 853-858. 



450 
 

KOLLMANN, D., SCHWEIGER, T., SCHWARZ, S., IGNATOVA, D., CHANG, Y. T., 

LEWIK, G., SCHOPPMANN, S. F., HOETZENECKER, W., KLEPETKO, W., 

GUENOVA, E. & HOETZENECKER, K. 2017. PD1-positive tumor-infiltrating 

lymphocytes are associated with poor clinical outcome after pulmonary 

metastasectomy for colorectal cancer. Oncoimmunology, 6, e1331194. 

KUDO, S., SAITO, H., MOTOYAMA, S., SASAKI, T., IMAI, K., KONNO, H., 

TAKASHIMA, S., ATARI, M., SATO, Y. & MINAMIYA, Y. 2015. C-reactive 

protein inhibits expression of N-cadherin and ZEB-1 in murine colon 

adenocarcinoma. Tumour Biol, 36, 7035-43. 

KULANGARA, K., ZHANG, N., CORIGLIANO, E., GUERRERO, L., WALDROUP, 

S., JAISWAL, D., MS, M. J., SHAH, S., HANKS, D., WANG, J., LUNCEFORD, 

J., SAVAGE, M. J., JUCO, J. & EMANCIPATOR, K. 2019. Clinical Utility of the 

Combined Positive Score for Programmed Death Ligand-1 Expression and the 

Approval of Pembrolizumab for Treatment of Gastric Cancer. Arch Pathol Lab 

Med, 143, 330-337. 

KWAK, Y., KOH, J., KIM, D. W., KANG, S. B., KIM, W. H. & LEE, H. S. 2016. 

Immunoscore encompassing CD3+ and CD8+ T cell densities in distant metastasis 

is a robust prognostic marker for advanced colorectal cancer. Oncotarget, 7, 81778-

81790. 

LACKNER, C., JUKIC, Z., TSYBROVSKYY, O., JATZKO, G., WETTE, V., 

HOEFLER, G., KLIMPFINGER, M., DENK, H. & ZATLOUKAL, K. 2004. 

Prognostic relevance of tumour-associated macrophages and von Willebrand factor-

positive microvessels in colorectal cancer. Virchows Arch, 445, 160-7. 

LAGHI, L., BIANCHI, P., MIRANDA, E., BALLADORE, E., PACETTI, V., GRIZZI, 

F., ALLAVENA, P., TORRI, V., REPICI, A., SANTORO, A., MANTOVANI, A., 



451 
 

RONCALLI, M. & MALESCI, A. 2009. CD3+ cells at the invasive margin of 

deeply invading (pT3-T4) colorectal cancer and risk of post-surgical metastasis: a 

longitudinal study. Lancet Oncol, 10, 877-84. 

LAL, N., WHITE, B. S., GOUSSOUS, G., PICKLES, O., MASON, M. J., BEGGS, A. 

D., TANIERE, P., WILLCOX, B. E., GUINNEY, J. & MIDDLETON, G. W. 2018. 

KRAS Mutation and Consensus Molecular Subtypes 2 and 3 Are Independently 

Associated with Reduced Immune Infiltration and Reactivity in Colorectal Cancer. 

Clin Cancer Res, 24, 224-233. 

LANG-SCHWARZ, C., MELCHER, B., HAUMAIER, F., LANG-SCHWARZ, K., 

RUPPRECHT, T., VIETH, M. & STERLACCI, W. 2018. Budding and tumor-

infiltrating lymphocytes - combination of both parameters predicts survival in 

colorectal cancer and leads to new prognostic subgroups. Hum Pathol, 79, 160-167. 

LAVOTSHKIN, S., JALAS, J. R., TORISU-ITAKURA, H., OZAO-CHOY, J., LEE, J. 

H., SIM, M. S., STOJADINOVIC, A., WAINBERG, Z., BIFULCO, C. B., FOX, 

B. A. & BILCHIK, A. J. 2015. Immunoprofiling for prognostic assessment of colon 

cancer: a novel complement to ultrastaging. J Gastrointest Surg, 19, 999-1006. 

LAZARUS, J., MAJ, T., SMITH, J. J., PERUSINA LANFRANCA, M., RAO, A., 

D'ANGELICA, M. I., DELROSARIO, L., GIRGIS, A., SCHUKOW, C., SHIA, J., 

KRYCZEK, I., SHI, J., WASSERMAN, I., CRAWFORD, H., NATHAN, H., 

PASCA DI MAGLIANO, M., ZOU, W. & FRANKEL, T. L. 2018. Spatial and 

phenotypic immune profiling of metastatic colon cancer. JCI Insight, 3. 

LAZARUS, J., ONEKA, M. D., BARUA, S., MAJ, T., LANFRANCA, M. P., 

DELROSARIO, L., SUN, L., SMITH, J. J., D'ANGELICA, M. I., SHIA, J., FANG, 

J. M., SHI, J., DI MAGLIANO, M. P., ZOU, W., RAO, A. & FRANKEL, T. L. 

2019. Mathematical Modeling of the Metastatic Colorectal Cancer 



452 
 

Microenvironment Defines the Importance of Cytotoxic Lymphocyte Infiltration 

and Presence of PD-L1 on Antigen Presenting Cells. Ann Surg Oncol, 26, 2821-

2830. 

LE, D. T., HUBBARD-LUCEY, V. M., MORSE, M. A., HEERY, C. R., DWYER, A., 

MARSILJE, T. H., BRODSKY, A. N., CHAN, E., DEMING, D. A., DIAZ, L. A., 

JR., FRIDMAN, W. H., GOLDBERG, R. M., HAMILTON, S. R., HOUSSEAU, 

F., JAFFEE, E. M., KANG, S. P., KRISHNAMURTHI, S. S., LIEU, C. H., 

MESSERSMITH, W., SEARS, C. L., SEGAL, N. H., YANG, A., MOSS, R. A., 

CHA, E., O'DONNELL-TORMEY, J., ROACH, N., DAVIS, A. Q., MCABEE, K., 

WORRALL, S. & BENSON, A. B. 2017. A Blueprint to Advance Colorectal 

Cancer Immunotherapies. Cancer Immunol Res, 5, 942-949. 

LE, D. T., KIM, T. W., VAN CUTSEM, E., GEVA, R., JAGER, D., HARA, H., 

BURGE, M., O'NEIL, B., KAVAN, P., YOSHINO, T., GUIMBAUD, R., 

TANIGUCHI, H., ELEZ, E., AL-BATRAN, S. E., BOLAND, P. M., CROCENZI, 

T., ATREYA, C. E., CUI, Y., DAI, T., MARINELLO, P., DIAZ, L. A., JR. & 

ANDRE, T. 2020. Phase II Open-Label Study of Pembrolizumab in Treatment-

Refractory, Microsatellite Instability-High/Mismatch Repair-Deficient Metastatic 

Colorectal Cancer: KEYNOTE-164. J Clin Oncol, 38, 11-19. 

LE, D. T., URAM, J. N., WANG, H., BARTLETT, B. R., KEMBERLING, H., EYRING, 

A. D., SKORA, A. D., LUBER, B. S., AZAD, N. S., LAHERU, D., 

BIEDRZYCKI, B., DONEHOWER, R. C., ZAHEER, A., FISHER, G. A., 

CROCENZI, T. S., LEE, J. J., DUFFY, S. M., GOLDBERG, R. M., DE LA 

CHAPELLE, A., KOSHIJI, M., BHAIJEE, F., HUEBNER, T., HRUBAN, R. H., 

WOOD, L. D., CUKA, N., PARDOLL, D. M., PAPADOPOULOS, N., KINZLER, 

K. W., ZHOU, S., CORNISH, T. C., TAUBE, J. M., ANDERS, R. A., 



453 
 

ESHLEMAN, J. R., VOGELSTEIN, B. & DIAZ, L. A., JR. 2015. PD-1 Blockade 

in Tumors with Mismatch-Repair Deficiency. N Engl J Med, 372, 2509-20. 

LEARY, R. J., LIN, J. C., CUMMINS, J., BOCA, S., WOOD, L. D., PARSONS, D. W., 

JONES, S., SJÖBLOM, T., PARK, B. H., PARSONS, R., WILLIS, J., DAWSON, 

D., WILLSON, J. K., NIKOLSKAYA, T., NIKOLSKY, Y., KOPELOVICH, L., 

PAPADOPOULOS, N., PENNACCHIO, L. A., WANG, T. L., MARKOWITZ, S. 

D., PARMIGIANI, G., KINZLER, K. W., VOGELSTEIN, B. & VELCULESCU, 

V. E. 2008. Integrated analysis of homozygous deletions, focal amplifications, and 

sequence alterations in breast and colorectal cancers. Proc Natl Acad Sci U S A, 

105, 16224-9. 

LEDYS, F., KLOPFENSTEIN, Q., TRUNTZER, C., ARNOULD, L., VINCENT, J., 

BENGRINE, L., REMARK, R., BOIDOT, R., LADOIRE, S., GHIRINGHELLI, F. 

& DERANGERE, V. 2018. RAS status and neoadjuvant chemotherapy impact 

CD8+ cells and tumor HLA class I expression in liver metastatic colorectal cancer. 

J Immunother Cancer, 6, 123. 

LEE, E. J., KIM, M., KIM, H. S., KANG, H. J., KIM, H. J., MIN, S. K. & LEE, Y. K. 

2017a. CD3 and CD20 Immunohistochemical Staining Patterns of Bone Marrow-

Infiltrating Malignant Lymphoma Cells. Ann Clin Lab Sci, 47, 136-143. 

LEE, J. J., SUN, W., BAHARY, N., OHR, J., RHEE, J. C., STOLLER, R. G., MARKS, 

S. M., LEMBERSKY, B. C., BEASLEY, H. S., DRUMMOND, S., STREETER, 

N., SHUAI, Y., LIN, Y., HERMAN, J., ZAROUR, H. M. & CHU, E. 2017b. Phase 

2 study of pembrolizumab in combination with azacitidine in subjects with 

metastatic colorectal cancer. Journal of Clinical Oncology, 35, 3054-3054. 

LEE, K. S., KIM, B. H., OH, H. K., KIM, D. W., KANG, S. B., KIM, H. & SHIN, E. 

2018a. Programmed cell death ligand-1 protein expression and CD274/PD-L1 gene 



454 
 

amplification in colorectal cancer: Implications for prognosis. Cancer Sci, 109, 

2957-2969. 

LEE, K. S., KWAK, Y., AHN, S., SHIN, E., OH, H. K., KIM, D. W., KANG, S. B., 

CHOE, G., KIM, W. H. & LEE, H. S. 2017c. Prognostic implication of CD274 

(PD-L1) protein expression in tumor-infiltrating immune cells for microsatellite 

unstable and stable colorectal cancer. Cancer Immunol Immunother, 66, 927-939. 

LEE, L. H., CAVALCANTI, M. S., SEGAL, N. H., HECHTMAN, J. F., WEISER, M. 

R., SMITH, J. J., GARCIA-AGUILAR, J., SADOT, E., NTIAMOAH, P., 

MARKOWITZ, A. J., SHIKE, M., STADLER, Z. K., VAKIANI, E., KLIMSTRA, 

D. S. & SHIA, J. 2016. Patterns and prognostic relevance of PD-1 and PD-L1 

expression in colorectal carcinoma. Mod Pathol, 29, 1433-1442. 

LEE, S. J., JUN, S. Y., LEE, I. H., KANG, B. W., PARK, S. Y., KIM, H. J., PARK, J. S., 

CHOI, G. S., YOON, G. & KIM, J. G. 2018b. CD274, LAG3, and IDO1 

expressions in tumor-infiltrating immune cells as prognostic biomarker for patients 

with MSI-high colon cancer. J Cancer Res Clin Oncol, 144, 1005-1014. 

LEE, W. S., KANG, M., BAEK, J. H., LEE, J. I. & HA, S. Y. 2013. Clinical impact of 

tumor-infiltrating lymphocytes for survival in curatively resected stage IV colon 

cancer with isolated liver or lung metastasis. Ann Surg Oncol, 20, 697-702. 

LEE, W. S., PARK, S., LEE, W. Y., YUN, S. H. & CHUN, H. K. 2010. Clinical impact 

of tumor-infiltrating lymphocytes for survival in stage II colon cancer. Cancer, 116, 

5188-99. 

LI, S., XU, F., ZHANG, J., WANG, L., ZHENG, Y., WU, X., WANG, J., HUANG, Q. & 

LAI, M. 2018a. Tumor-associated macrophages remodeling EMT and predicting 

survival in colorectal carcinoma. Oncoimmunology, 7, e1380765. 



455 
 

LI, Y., LIANG, L., DAI, W., CAI, G., XU, Y., LI, X., LI, Q. & CAI, S. 2016. Prognostic 

impact of programed cell death-1 (PD-1) and PD-ligand 1 (PD-L1) expression in 

cancer cells and tumor infiltrating lymphocytes in colorectal cancer. Mol Cancer, 

15, 55. 

LI, Z., XU, Z., HUANG, Y., ZHAO, R., CUI, Y., ZHOU, Y. & WU, X. 2018b. The 

predictive value and the correlation of peripheral absolute monocyte count, tumor-

associated macrophage and microvessel density in patients with colon cancer. 

Medicine (Baltimore), 97, e10759. 

LING, A., EDIN, S., WIKBERG, M. L., OBERG, A. & PALMQVIST, R. 2014. The 

intratumoural subsite and relation of CD8(+) and FOXP3(+) T lymphocytes in 

colorectal cancer provide important prognostic clues. Br J Cancer, 110, 2551-9. 

LISKA, V., VYCITAL, O., DAUM, O., NOVAK, P., TRESKA, V., BRUHA, J., 

PITULE, P. & HOLUBEC, L. 2012. Infiltration of colorectal carcinoma by S100+ 

dendritic cells and CD57+ lymphocytes as independent prognostic factors after 

radical surgical treatment. Anticancer Res, 32, 2129-32. 

LIU, R., PENG, K., YU, Y., LIANG, L., XU, X., LI, W., YU, S. & LIU, T. 2018. 

Prognostic Value of Immunoscore and PD-L1 Expression in Metastatic Colorectal 

Cancer Patients with Different RAS Status after Palliative Operation. Biomed Res 

Int, 2018, 5920608. 

LIU, X., JAKUBOWSKI, M. & HUNT, J. L. 2011. KRAS gene mutation in colorectal 

cancer is correlated with increased proliferation and spontaneous apoptosis. Am J 

Clin Pathol, 135, 245-52. 

LIU, Z., SUN, B., QI, L., LI, H., GAO, J. & LENG, X. 2012. Zinc finger E-box binding 

homeobox 1 promotes vasculogenic mimicry in colorectal cancer through induction 

of epithelial-to-mesenchymal transition. Cancer Sci, 103, 813-20. 



456 
 

LODDENKEMPER, C., SCHERNUS, M., NOUTSIAS, M., STEIN, H., THIEL, E. & 

NAGORSEN, D. 2006. In situ analysis of FOXP3+ regulatory T cells in human 

colorectal cancer. J Transl Med, 4, 52. 

LOPEZ-VERGES, S., MILUSH, J. M., PANDEY, S., YORK, V. A., ARAKAWA-

HOYT, J., PIRCHER, H., NORRIS, P. J., NIXON, D. F. & LANIER, L. L. 2010. 

CD57 defines a functionally distinct population of mature NK cells in the human 

CD56dimCD16+ NK-cell subset. Blood, 116, 3865-74. 

LOUGHREY, M. B., QUIRKE, P. & SHEPHERD, N. A. Standards and datasets for 

reporting cancers Dataset for histopathological reporting of colorectal cancer 

September 2018. In: PATHOLOGISTS, R. C. O. (ed.). Avialable at: 

https://www.rcpath.org/resourceLibrary/g049-dataset-for-histopathological-

reporting-of-colorectal-cancer.html (Accessed January 30, 2019). 

LUGLI, A., KARAMITOPOULOU, E., PANAYIOTIDES, I., KARAKITSOS, P., 

RALLIS, G., PEROS, G., IEZZI, G., SPAGNOLI, G., BIHL, M., 

TERRACCIANO, L. & ZLOBEC, I. 2009. CD8+ lymphocytes/ tumour-budding 

index: an independent prognostic factor representing a 'pro-/anti-tumour' approach 

to tumour host interaction in colorectal cancer. Br J Cancer, 101, 1382-92. 

LYNCH, H. T., SMYRK, T. & LYNCH, J. 1997. An update of HNPCC (Lynch 

syndrome). Cancer Genet Cytogenet, 93, 84-99. 

MABY, P., TOUGERON, D., HAMIEH, M., MLECNIK, B., KORA, H., BINDEA, G., 

ANGELL, H. K., FREDRIKSEN, T., ELIE, N., FAUQUEMBERGUE, E., 

DROUET, A., LEPRINCE, J., BENICHOU, J., MAUILLON, J., LE PESSOT, F., 

SESBOUE, R., TUECH, J. J., SABOURIN, J. C., MICHEL, P., FREBOURG, T., 

GALON, J. & LATOUCHE, J. B. 2015. Correlation between Density of CD8+ T-



457 
 

cell Infiltrate in Microsatellite Unstable Colorectal Cancers and Frameshift 

Mutations: A Rationale for Personalized Immunotherapy. Cancer Res, 75, 3446-55. 

MACHESKY, L. M. & LI, A. 2010. Fascin: Invasive filopodia promoting metastasis. 

Commun Integr Biol, 3, 263-70. 

MAHNKE, Y. D., BRODIE, T. M., SALLUSTO, F., ROEDERER, M. & LUGLI, E. 

2013. The who's who of T-cell differentiation: human memory T-cell subsets. Eur J 

Immunol, 43, 2797-809. 

MAK, T. W. & SAUNDERS, M. E. 2006. The Immune Response Basic and Clinical 

Principles Preface. Immune Response: Basic and Clinical Principles, Vii-Vii. 

MAKKAI-POPA, S. T., LUNCA, S., DIMOFTE, G., VRANCEANU, A., FRANCIUG, 

D., IVANOV, I., ZUGUN, F., TARCOVEANU, E. & CARASEVICI, E. 2013. 

Corelation of lymphocytic infiltrates with the prognosis of recurrent colo-rectal 

cancer. Chirurgia (Bucur), 108, 859-65. 

MANSOURI, D., MCMILLAN, D. C., CREARIE, C., MORRISON, D. S., CRIGHTON, 

E. M. & HORGAN, P. G. 2015. Temporal trends in mode, site and stage of 

presentation with the introduction of colorectal cancer screening: a decade of 

experience from the West of Scotland. Br J Cancer, 113, 556-61. 

MANTOVANI, F., COLLAVIN, L. & DEL SAL, G. 2019. Mutant p53 as a guardian of 

the cancer cell. Cell Death Differ, 26, 199-212. 

MARKL, B., PAUL, B., SCHALLER, T., KRETSINGER, H., KRIENING, B. & 

SCHENKIRSCH, G. 2017. The role of lymph node size and FOXP3+ regulatory T 

cells in node-negative colon cancer. J Clin Pathol, 70, 443-447. 

MARKL, B., WIEBERNEIT, J., KRETSINGER, H., MAYR, P., ANTHUBER, M., 

ARNHOLDT, H. M. & SCHENKIRSCH, G. 2016. Number of Intratumoral T 



458 
 

Lymphocytes Is Associated With Lymph Node Size, Lymph Node Harvest, and 

Outcome in Node-Negative Colon Cancer. Am J Clin Pathol, 145, 826-36. 

MARTIN, B. & MARKL, B. 2019. Immunologic Biomarkers and Biomarkers for 

Immunotherapies in Gastrointestinal Cancer. Visc Med, 35, 3-10. 

MATSUTANI, S., SHIBUTANI, M., MAEDA, K., NAGAHARA, H., FUKUOKA, T., 

ISEKI, Y., HIRAKAWA, K. & OHIRA, M. 2018. Verification of the methodology 

for evaluating tumor-infiltrating lymphocytes in colorectal cancer. Oncotarget, 9, 

15180-15197. 

MCCORRY, A. M., LOUGHREY, M. B., LONGLEY, D. B., LAWLER, M. & DUNNE, 

P. D. 2018. Epithelial-to-mesenchymal transition signature assessment in colorectal 

cancer quantifies tumour stromal content rather than true transition. J Pathol, 246, 

422-426. 

MCCOY, M. J., HEMMINGS, C., ANYAEGBU, C. C., AUSTIN, S. J., LEE-PULLEN, 

T. F., MILLER, T. J., BULSARA, M. K., ZEPS, N., NOWAK, A. K., LAKE, R. A. 

& PLATELL, C. F. 2017. Tumour-infiltrating regulatory T cell density before 

neoadjuvant chemoradiotherapy for rectal cancer does not predict treatment 

response. Oncotarget, 8, 19803-19813. 

MCCOY, M. J., HEMMINGS, C., MILLER, T. J., AUSTIN, S. J., BULSARA, M. K., 

ZEPS, N., NOWAK, A. K., LAKE, R. A. & PLATELL, C. F. 2015. Low stromal 

Foxp3+ regulatory T-cell density is associated with complete response to 

neoadjuvant chemoradiotherapy in rectal cancer. Br J Cancer, 113, 1677-86. 

MCGREGOR, M. & PRICE, T. J. 2019. IMblaze 370: lessons learned and future 

strategies in colorectal cancer treatment. Ann Transl Med, 7, 602. 



459 
 

MCSHANE, L. M., ALTMAN, D. G., SAUERBREI, W., TAUBE, S. E., GION, M., 

CLARK, G. M. & STATISTICS SUBCOMMITTEE OF THE, N. C. I. E. W. G. O. 

C. D. 2005. REporting recommendations for tumour MARKer prognostic studies 

(REMARK). Br J Cancer, 93, 387-91. 

MENEZES, S., OKAIL, M. H., JALIL, S. M. A., KOCHER, H. M. & CAMERON, A. J. 

M. 2022. Cancer-associated fibroblasts in pancreatic cancer: new subtypes, new 

markers, new targets. J Pathol, 257, 526-544. 

MENON, A. G., JANSSEN-VAN RHIJN, C. M., MORREAU, H., PUTTER, H., 

TOLLENAAR, R. A., VAN DE VELDE, C. J., FLEUREN, G. J. & KUPPEN, P. J. 

2004. Immune system and prognosis in colorectal cancer: a detailed 

immunohistochemical analysis. Lab Invest, 84, 493-501. 

MESHCHERYAKOVA, A., TAMANDL, D., BAJNA, E., STIFT, J., MITTLBOECK, 

M., SVOBODA, M., HEIDEN, D., STREMITZER, S., JENSEN-JAROLIM, E., 

GRUNBERGER, T., BERGMANN, M. & MECHTCHERIAKOVA, D. 2014. B 

cells and ectopic follicular structures: novel players in anti-tumor programming 

with prognostic power for patients with metastatic colorectal cancer. PLoS One, 9, 

e99008. 

MESKER, W. E., JUNGGEBURT, J. M., SZUHAI, K., DE HEER, P., MORREAU, H., 

TANKE, H. J. & TOLLENAAR, R. A. 2007. The carcinoma-stromal ratio of colon 

carcinoma is an independent factor for survival compared to lymph node status and 

tumor stage. Cell Oncol, 29, 387-98. 

MICALIZZI, D. S., FARABAUGH, S. M. & FORD, H. L. 2010. Epithelial-

mesenchymal transition in cancer: parallels between normal development and 

tumor progression. J Mammary Gland Biol Neoplasia, 15, 117-34. 



460 
 

MILLER, T. J., MCCOY, M. J., HEMMINGS, C., BULSARA, M. K., IACOPETTA, B. 

& PLATELL, C. F. 2017. The prognostic value of cancer stem-like cell markers 

SOX2 and CD133 in stage III colon cancer is modified by expression of the 

immune-related markers FoxP3, PD-L1 and CD3. Pathology, 49, 721-730. 

MLECNIK, B., TOSOLINI, M., KIRILOVSKY, A., BERGER, A., BINDEA, G., 

MEATCHI, T., BRUNEVAL, P., TRAJANOSKI, Z., FRIDMAN, W. H., PAGÈS, 

F. & GALON, J. 2011. Histopathologic-based prognostic factors of colorectal 

cancers are associated with the state of the local immune reaction. J Clin Oncol, 29, 

610-8. 

MONJAZEB, A., GIOBBIE-HURDER, A., LAKO, A., TESFAYE, A. A., STROINEY, 

A., GENTZLER, R. D., JABBOUR, S., ALESE, O. B., RAHMA, O. E., CLEARY, 

J. M., SHARON, E., RABEN, D., MAMON, H. J., STREICHER, H., CHEN, H. 

X., AHMED, M., GJINI, E., RODIG, S., HODI, F. S. & SCHOENFELD, J. D. 

2019. Analysis of colorectal cancer patients treated on ETCTN 10021: A 

multicenter randomized trial of combined PD-L1 and CTLA-4 inhibition with 

targeted low-dose or hypofractionated radiation. Journal of Clinical Oncology, 37, 

49-49. 

MORI, K., TOIYAMA, Y., SAIGUSA, S., FUJIKAWA, H., HIRO, J., KOBAYASHI, 

M., OHI, M., ARAKI, T., INOUE, Y., TANAKA, K., MOHRI, Y. & KUSUNOKI, 

M. 2015. Systemic Analysis of Predictive Biomarkers for Recurrence in Colorectal 

Cancer Patients Treated with Curative Surgery. Dig Dis Sci, 60, 2477-87. 

MORRIS, E. J., FORMAN, D., THOMAS, J. D., QUIRKE, P., TAYLOR, E. F., 

FAIRLEY, L., COTTIER, B. & POSTON, G. 2010. Surgical management and 

outcomes of colorectal cancer liver metastases. Br J Surg, 97, 1110-8. 



461 
 

MUNDADE, R., IMPERIALE, T. F., PRABHU, L., LOEHRER, P. J. & LU, T. 2014. 

Genetic pathways, prevention, and treatment of sporadic colorectal cancer. 

Oncoscience, 1, 400-6. 

NAGORSEN, D., VOIGT, S., BERG, E., STEIN, H., THIEL, E. & LODDENKEMPER, 

C. 2007. Tumor-infiltrating macrophages and dendritic cells in human colorectal 

cancer: relation to local regulatory T cells, systemic T-cell response against tumor-

associated antigens and survival. J Transl Med, 5, 62. 

NAGTEGAAL, I. D., MARIJNEN, C. A., KRANENBARG, E. K., MULDER-STAPEL, 

A., HERMANS, J., VAN DE VELDE, C. J. & VAN KRIEKEN, J. H. 2001. Local 

and distant recurrences in rectal cancer patients are predicted by the nonspecific 

immune response; specific immune response has only a systemic effect--a 

histopathological and immunohistochemical study. BMC Cancer, 1, 7. 

NAITO, Y., SAITO, K., SHIIBA, K., OHUCHI, A., SAIGENJI, K., NAGURA, H. & 

OHTANI, H. 1998. CD8+ T cells infiltrated within cancer cell nests as a prognostic 

factor in human colorectal cancer. Cancer Res, 58, 3491-4. 

NAZEMALHOSSEINI-MOJARAD, E., MOHAMMADPOUR, S., TORSHIZI 

ESAFAHANI, A., GHARIB, E., LARKI, P., MORADI, A., AMIN 

PORHOSEINGHOLI, M., ASADZADE AGHDAEI, H., KUPPEN, P. J. K. & 

ZALI, M. R. 2019. Intratumoral infiltrating lymphocytes correlate with improved 

survival in colorectal cancer patients: Independent of oncogenetic features. J Cell 

Physiol, 234, 4768-4777. 

NEARCHOU, I. P., LILLARD, K., GAVRIEL, C. G., UENO, H., HARRISON, D. J. & 

CAIE, P. D. 2019. Automated Analysis of Lymphocytic Infiltration, Tumor 

Budding, and Their Spatial Relationship Improves Prognostic Accuracy in 

Colorectal Cancer. Cancer Immunol Res, 7, 609-620. 



462 
 

NELSON, B. H. 2010. CD20+ B cells: the other tumor-infiltrating lymphocytes. J 

Immunol, 185, 4977-82. 

NIELSEN, C. M., WHITE, M. J., GOODIER, M. R. & RILEY, E. M. 2013. Functional 

Significance of CD57 Expression on Human NK Cells and Relevance to Disease. 

Front Immunol, 4, 422. 

NIELSEN, H. J., HANSEN, U., CHRISTENSEN, I. J., REIMERT, C. M., BRUNNER, 

N. & MOESGAARD, F. 1999. Independent prognostic value of eosinophil and 

mast cell infiltration in colorectal cancer tissue. J Pathol, 189, 487-95. 

NISHISHO, I., NAKAMURA, Y., MIYOSHI, Y., MIKI, Y., ANDO, H., HORII, A., 

KOYAMA, K., UTSUNOMIYA, J., BABA, S. & HEDGE, P. 1991. Mutations of 

chromosome 5q21 genes in FAP and colorectal cancer patients. Science, 253, 665-

9. 

NOSHO, K., BABA, Y., TANAKA, N., SHIMA, K., HAYASHI, M., MEYERHARDT, 

J. A., GIOVANNUCCI, E., DRANOFF, G., FUCHS, C. S. & OGINO, S. 2010. 

Tumour-infiltrating T-cell subsets, molecular changes in colorectal cancer, and 

prognosis: cohort study and literature review. J Pathol, 222, 350-66. 

O'NEIL, B. H., WALLMARK, J. M., LORENTE, D., ELEZ, E., RAIMBOURG, J., 

GOMEZ-ROCA, C., EJADI, S., PIHA-PAUL, S. A., STEIN, M. N., ABDUL 

RAZAK, A. R., DOTTI, K., SANTORO, A., COHEN, R. B., GOULD, M., 

SARAF, S., STEIN, K. & HAN, S. W. 2017. Safety and antitumor activity of the 

anti-PD-1 antibody pembrolizumab in patients with advanced colorectal carcinoma. 

PLoS One, 12, e0189848. 

OBERG, A., SAMII, S., STENLING, R. & LINDMARK, G. 2002. Different occurrence 

of CD8+, CD45R0+, and CD68+ immune cells in regional lymph node metastases 



463 
 

from colorectal cancer as potential prognostic predictors. Int J Colorectal Dis, 17, 

25-9. 

OGINO, S., NOSHO, K., IRAHARA, N., MEYERHARDT, J. A., BABA, Y., SHIMA, 

K., GLICKMAN, J. N., FERRONE, C. R., MINO-KENUDSON, M., TANAKA, 

N., DRANOFF, G., GIOVANNUCCI, E. L. & FUCHS, C. S. 2009. Lymphocytic 

reaction to colorectal cancer is associated with longer survival, independent of 

lymph node count, microsatellite instability, and CpG island methylator phenotype. 

Clin Cancer Res, 15, 6412-20. 

OGINO, S., NOWAK, J. A., HAMADA, T., PHIPPS, A. I., PETERS, U., MILNER, D. 

A., GIOVANNUCCI, E. L., NISHIHARA, R., GIANNAKIS, M., GARRETT, W. 

S. & SONG, M. 2018. Integrative analysis of exogenous, endogenous, tumour and 

immune factors for precision medicine. Gut, 67, 1168-1180. 

OGURA, A., AKIYOSHI, T., YAMAMOTO, N., KAWACHI, H., ISHIKAWA, Y., 

MORI, S., OBA, K., NAGINO, M., FUKUNAGA, Y. & UENO, M. 2018. Pattern 

of programmed cell death-ligand 1 expression and CD8-positive T-cell infiltration 

before and after chemoradiotherapy in rectal cancer. Eur J Cancer, 91, 11-20. 

OSHIKIRI, T., MIYAMOTO, M., MORITA, T., FUJITA, M., MIYASAKA, Y., 

SENMARU, N., YAMADA, H., TAKAHASHI, T., HORITA, S. & KONDO, S. 

2006. Tumor-associated antigen recognized by the 22-1-1 monoclonal antibody 

encourages colorectal cancer progression under the scanty CD8+ T cells. Clin 

Cancer Res, 12, 411-6. 

OVERMAN, M. J., MCDERMOTT, R., LEACH, J. L., LONARDI, S., LENZ, H. J., 

MORSE, M. A., DESAI, J., HILL, A., AXELSON, M., MOSS, R. A., 

GOLDBERG, M. V., CAO, Z. A., LEDEINE, J. M., MAGLINTE, G. A., 

KOPETZ, S. & ANDRE, T. 2017. Nivolumab in patients with metastatic DNA 



464 
 

mismatch repair-deficient or microsatellite instability-high colorectal cancer 

(CheckMate 142): an open-label, multicentre, phase 2 study. Lancet Oncol, 18, 

1182-1191. 

PAGÈS, F., ANDRE, T., TAIEB, J., VERNEREY, D., HENRIQUES, J., BORG, C., 

MARLIOT, F., JANNET, R. B., LOUVET, C., MINEUR, L., BENNOUNA, J., 

DESRAME, J., FAROUX, R., DUVAL, A., LAURENT-PUIG, P., SVRCEK, M., 

HERMITTE, F., CATTEAU, A., GALON, J. & EMILE, J.-F. 2020. Prognostic and 

predictive value of the Immunoscore in stage III colon cancer patients treated with 

mFOLFOX6 (three versus six months) in the prospective IDEA France cohort 

study (PRODIGE-GERCOR). Gastrointestinal Cancers Symposium (ASCO). San 

Francisco. 

PAGÈS, F., GALON, J. & FRIDMAN, W. H. 2008. The essential role of the in situ 

immune reaction in human colorectal cancer. J Leukoc Biol, 84, 981-7. 

PAGÈS, F., KIRILOVSKY, A., MLECNIK, B., ASSLABER, M., TOSOLINI, M., 

BINDEA, G., LAGORCE, C., WIND, P., MARLIOT, F., BRUNEVAL, P., 

ZATLOUKAL, K., TRAJANOSKI, Z., BERGER, A., FRIDMAN, W. H. & 

GALON, J. 2009. In situ cytotoxic and memory T cells predict outcome in patients 

with early-stage colorectal cancer. J Clin Oncol, 27, 5944-51. 

PAGÈS, F., MLECNIK, B., MARLIOT, F., BINDEA, G., OU, F. S., BIFULCO, C., 

LUGLI, A., ZLOBEC, I., RAU, T. T., BERGER, M. D., NAGTEGAAL, I. D., 

VINK-BORGER, E., HARTMANN, A., GEPPERT, C., KOLWELTER, J., 

MERKEL, S., GRUTZMANN, R., VAN DEN EYNDE, M., JOURET-MOURIN, 

A., KARTHEUSER, A., LEONARD, D., REMUE, C., WANG, J. Y., BAVI, P., 

ROEHRL, M. H. A., OHASHI, P. S., NGUYEN, L. T., HAN, S., MACGREGOR, 

H. L., HAFEZI-BAKHTIARI, S., WOUTERS, B. G., MASUCCI, G. V., 



465 
 

ANDERSSON, E. K., ZAVADOVA, E., VOCKA, M., SPACEK, J., 

PETRUZELKA, L., KONOPASEK, B., DUNDR, P., SKALOVA, H., 

NEMEJCOVA, K., BOTTI, G., TATANGELO, F., DELRIO, P., CILIBERTO, G., 

MAIO, M., LAGHI, L., GRIZZI, F., FREDRIKSEN, T., BUTTARD, B., 

ANGELOVA, M., VASATURO, A., MABY, P., CHURCH, S. E., ANGELL, H. 

K., LAFONTAINE, L., BRUNI, D., EL SISSY, C., HAICHEUR, N., 

KIRILOVSKY, A., BERGER, A., LAGORCE, C., MEYERS, J. P., PAUSTIAN, 

C., FENG, Z., BALLESTEROS-MERINO, C., DIJKSTRA, J., VAN DE WATER, 

C., VAN LENT-VAN VLIET, S., KNIJN, N., MUSINA, A. M., SCRIPCARIU, D. 

V., POPIVANOVA, B., XU, M., FUJITA, T., HAZAMA, S., SUZUKI, N., 

NAGANO, H., OKUNO, K., TORIGOE, T., SATO, N., FURUHATA, T., 

TAKEMASA, I., ITOH, K., PATEL, P. S., VORA, H. H., SHAH, B., PATEL, J. 

B., RAJVIK, K. N., PANDYA, S. J., SHUKLA, S. N., WANG, Y., ZHANG, G., 

KAWAKAMI, Y., MARINCOLA, F. M., ASCIERTO, P. A., SARGENT, D. J., 

FOX, B. A. & GALON, J. 2018. International validation of the consensus 

Immunoscore for the classification of colon cancer: a prognostic and accuracy 

study. Lancet, 391, 2128-2139. 

PARK, J. H., ISHIZUKA, M., MCSORLEY, S. T., KUBOTA, K., ROXBURGH, C. S. 

D., NAGATA, H., TAKAGI, K., IWASAKI, Y., AOKI, T., HORGAN, P. G. & 

MCMILLAN, D. C. 2018. Staging the tumor and staging the host: A two centre, 

two country comparison of systemic inflammatory responses of patients undergoing 

resection of primary operable colorectal cancer. Am J Surg, 216, 458-464. 

PARK, J. H., MCMILLAN, D. C., EDWARDS, J., HORGAN, P. G. & ROXBURGH, C. 

S. 2016a. Comparison of the prognostic value of measures of the tumor 

inflammatory cell infiltrate and tumor-associated stroma in patients with primary 

operable colorectal cancer. Oncoimmunology, 5, e1098801. 



466 
 

PARK, J. H., MCMILLAN, D. C., POWELL, A. G., RICHARDS, C. H., HORGAN, P. 

G., EDWARDS, J. & ROXBURGH, C. S. 2015. Evaluation of a tumor 

microenvironment-based prognostic score in primary operable colorectal cancer. 

Clin Cancer Res, 21, 882-8. 

PARK, J. H., RICHARDS, C. H., MCMILLAN, D. C., HORGAN, P. G. & 

ROXBURGH, C. S. 2014. The relationship between tumour stroma percentage, the 

tumour microenvironment and survival in patients with primary operable colorectal 

cancer. Ann Oncol, 25, 644-51. 

PARK, J. H., VAN WYK, H., MCMILLAN, D. C., EDWARDS, J., ORANGE, C., 

HORGAN, P. G. & ROXBURGH, C. S. 2020. Preoperative, biopsy-based 

assessment of the tumour microenvironment in patients with primary operable 

colorectal cancer. J Pathol Clin Res, 6, 30-39. 

PARK, J. H., WATT, D. G., ROXBURGH, C. S., HORGAN, P. G. & MCMILLAN, D. 

C. 2016b. Colorectal Cancer, Systemic Inflammation, and Outcome: Staging the 

Tumor and Staging the Host. Ann Surg, 263, 326-36. 

PASTILLE, E., WASMER, M. H., ADAMCZYK, A., VU, V. P., MAGER, L. F., 

PHUONG, N. N. T., PALMIERI, V., SIMILLION, C., HANSEN, W., KASPER, 

S., SCHULER, M., MUGGLI, B., MCCOY, K. D., BUER, J., ZLOBEC, I., 

WESTENDORF, A. M. & KREBS, P. 2019. The IL-33/ST2 pathway shapes the 

regulatory T cell phenotype to promote intestinal cancer. Mucosal Immunol. 

PATEL, M. R., FALCHOOK, G. S., HAMADA, K., MAKRIS, L., WINKLER, R. E., 

GORDON, G. S. & BENDELL, J. C. 2019. Results of a phase II study evaluating 

trifluridine/tipiracil plus nivolumab in patients with heavily pretreated 

microsatellite-stable (MSS) metastatic colorectal cancer (mCRC). Journal of 

Clinical Oncology, 37, 48-48. 



467 
 

PEINADO, H., PORTILLO, F. & CANO, A. 2004. Transcriptional regulation of 

cadherins during development and carcinogenesis. Int J Dev Biol, 48, 365-75. 

PENG, R. Q., CHEN, Y. B., DING, Y., ZHANG, R., ZHANG, X., YU, X. J., ZHOU, Z. 

W., ZENG, Y. X. & ZHANG, X. S. 2010. Expression of calreticulin is associated 

with infiltration of T-cells in stage IIIB colon cancer. World J Gastroenterol, 16, 

2428-34. 

PERNOT, S., TERME, M., VORON, T., COLUSSI, O., MARCHETEAU, E., 

TARTOUR, E. & TAIEB, J. 2014. Colorectal cancer and immunity: what we know 

and perspectives. World J Gastroenterol, 20, 3738-50. 

PETERSEN, V. C., BAXTER, K. J., LOVE, S. B. & SHEPHERD, N. A. 2002. 

Identification of objective pathological prognostic determinants and models of 

prognosis in Dukes' B colon cancer. Gut, 51, 65-9. 

PHILLIPS, S. M., BANERJEA, A., FEAKINS, R., LI, S. R., BUSTIN, S. A. & 

DORUDI, S. 2004. Tumour-infiltrating lymphocytes in colorectal cancer with 

microsatellite instability are activated and cytotoxic. Br J Surg, 91, 469-75. 

POSSELT, R., ERLENBACH-WUNSCH, K., HAAS, M., JESSBERGER, J., 

BUTTNER-HEROLD, M., HADERLEIN, M., HECHT, M., HARTMANN, A., 

FIETKAU, R. & DISTEL, L. V. 2016. Spatial distribution of FoxP3+ and CD8+ 

tumour infiltrating T cells reflects their functional activity. Oncotarget, 7, 60383-

60394. 

POWELL, A. G. M. T. 2016. The role of cancer related inflammation, Src Family 

Kinases and Matrix Metalloproteinase 9 in colorectal cancer. PhD, University of 

Glasgow. 



468 
 

PRALL, F., DUHRKOP, T., WEIRICH, V., OSTWALD, C., LENZ, P., NIZZE, H. & 

BARTEN, M. 2004. Prognostic role of CD8+ tumor-infiltrating lymphocytes in 

stage III colorectal cancer with and without microsatellite instability. Hum Pathol, 

35, 808-16. 

PRIEST, D. G., SCHMITZ, J. C., BUNNI, M. A. & STUART, R. K. 1991. 

Pharmacokinetics of leucovorin metabolites in human plasma as a function of dose 

administered orally and intravenously. J Natl Cancer Inst, 83, 1806-12. 

PRIZMENT, A. E., VIERKANT, R. A., SMYRK, T. C., TILLMANS, L. S., NELSON, 

H. H., LYNCH, C. F., PENGO, T., THIBODEAU, S. N., CHURCH, T. R., 

CERHAN, J. R., ANDERSON, K. E. & LIMBURG, P. J. 2017. Cytotoxic T Cells 

and Granzyme B Associated with Improved Colorectal Cancer Survival in a 

Prospective Cohort of Older Women. Cancer Epidemiol Biomarkers Prev, 26, 622-

631. 

REIMERS, M. S., ENGELS, C. C., PUTTER, H., MORREAU, H., LIEFERS, G. J., 

VAN DE VELDE, C. J. & KUPPEN, P. J. 2014. Prognostic value of HLA class I, 

HLA-E, HLA-G and Tregs in rectal cancer: a retrospective cohort study. BMC 

Cancer, 14, 486. 

REYA, T., MORRISON, S. J., CLARKE, M. F. & WEISSMAN, I. L. 2001. Stem cells, 

cancer, and cancer stem cells. Nature, 414, 105-11. 

RICHARDS, C. H., FLEGG, K. M., ROXBURGH, C. S., GOING, J. J., MOHAMMED, 

Z., HORGAN, P. G. & MCMILLAN, D. C. 2012. The relationships between 

cellular components of the peritumoural inflammatory response, 

clinicopathological characteristics and survival in patients with primary operable 

colorectal cancer. Br J Cancer, 106, 2010-5. 



469 
 

RICHARDS, C. H., ROXBURGH, C. S., POWELL, A. G., FOULIS, A. K., HORGAN, 

P. G. & MCMILLAN, D. C. 2014. The clinical utility of the local inflammatory 

response in colorectal cancer. Eur J Cancer, 50, 309-19. 

ROBERTS, P. J. & DER, C. J. 2007. Targeting the Raf-MEK-ERK mitogen-activated 

protein kinase cascade for the treatment of cancer. Oncogene, 26, 3291-310. 

ROPPONEN, K. M., ESKELINEN, M. J., LIPPONEN, P. K., ALHAVA, E. & KOSMA, 

V. M. 1997. Prognostic value of tumour-infiltrating lymphocytes (TILs) in 

colorectal cancer. J Pathol, 182, 318-24. 

ROSENBAUM, M. W., BLEDSOE, J. R., MORALES-OYARVIDE, V., HUYNH, T. G. 

& MINO-KENUDSON, M. 2016. PD-L1 expression in colorectal cancer is 

associated with microsatellite instability, BRAF mutation, medullary morphology 

and cytotoxic tumor-infiltrating lymphocytes. Mod Pathol, 29, 1104-12. 

ROSEWEIR, A. K., KONG, C. Y., PARK, J. H., BENNETT, L., POWELL, A., QUINN, 

J., VAN WYK, H. C., HORGAN, P. G., MCMILLAN, D. C., EDWARDS, J. & 

ROXBURGH, C. S. 2019. A novel tumor-based epithelial-to-mesenchymal 

transition score that associates with prognosis and metastasis in patients with Stage 

II/III colorectal cancer. Int J Cancer, 144, 150-159. 

ROSEWEIR, A. K., PARK, J. H., HOORN, S. T., POWELL, A. G., AHERNE, S., 

ROXBURGH, C. S., MCMILLAN, D. C., HORGAN, P. G., RYAN, E., 

SHEAHAN, K., VERMEULEN, L., PAUL, J., HARKIN, A., GRAHAM, J., 

SANSOM, O., CHURCH, D. N., TOMLINSON, I., SAUNDERS, M., IVESON, T. 

J. & EDWARDS, J. 2020. Histological phenotypic subtypes predict recurrence risk 

and response to adjuvant chemotherapy in patients with stage III colorectal cancer. 

J Pathol Clin Res. 



470 
 

ROXBURGH, C. S., SALMOND, J. M., HORGAN, P. G., OIEN, K. A. & MCMILLAN, 

D. C. 2009. Tumour inflammatory infiltrate predicts survival following curative 

resection for node-negative colorectal cancer. Eur J Cancer, 45, 2138-45. 

ROZEK, L. S., SCHMIT, S. L., GREENSON, J. K., TOMSHO, L. P., RENNERT, H. S., 

RENNERT, G. & GRUBER, S. B. 2016. Tumor-Infiltrating Lymphocytes, Crohn's-

Like Lymphoid Reaction, and Survival From Colorectal Cancer. J Natl Cancer Inst, 

108. 

RUTKOWSKI, P., FELIP, E., MORENO, V., PEREZ, J. M. T., CALVO, A., 

KOWALSKI, D., CORTINOVIS, D., LEE, J. J., MANIKHAS, G., PLUMMER, E. 

R., MAIO, M., ASCIERTO, P. A., VLADIMIROV, V. I., GAFFNEY, D., LI, L. 

Y., BAE, K., GREGER, J. G., SHIN, C. R., XIE, H. & CALVO, E. 2019. Anti-PD-

1 antibody cetrelimab (JNJ-63723283) in patients with advanced cancers: Updated 

phase I/II study results. Journal of Clinical Oncology, 37, 31-31. 

SAIGUSA, S., TOIYAMA, Y., TANAKA, K., INOUE, Y., MORI, K., IDE, S., 

IMAOKA, H., KAWAMURA, M., MOHRI, Y. & KUSUNOKI, M. 2016. 

Implication of programmed cell death ligand 1 expression in tumor recurrence and 

prognosis in rectal cancer with neoadjuvant chemoradiotherapy. Int J Clin Oncol, 

21, 946-952. 

SALAMA, P., PHILLIPS, M., GRIEU, F., MORRIS, M., ZEPS, N., JOSEPH, D., 

PLATELL, C. & IACOPETTA, B. 2009. Tumor-infiltrating FOXP3+ T regulatory 

cells show strong prognostic significance in colorectal cancer. J Clin Oncol, 27, 

186-92. 

SALLUSTO, F., LENIG, D., FORSTER, R., LIPP, M. & LANZAVECCHIA, A. 1999. 

Two subsets of memory T lymphocytes with distinct homing potentials and effector 

functions. Nature, 401, 708-12. 



471 
 

SANBORN, R. E., PISHVAIAN, M. J., CALLAHAN, M. K., WEISE, A. M., SIKIC, B. 

I., RAHMA, O. E., CHO, D. C., RIZVI, N. A., BITTING, R. L., STARODUB, A., 

JIMENO, A., YELLIN, M. J., RAWLS, T., VITALE, L., HALIM, A., ZHANG, H. 

& KELER, T. 2018. Anti-CD27 agonist antibody varlilumab (varli) with nivolumab 

(nivo) for colorectal (CRC) and ovarian (OVA) cancer: Phase (Ph) 1/2 clinical trial 

results. Journal of Clinical Oncology, 36, 3001-3001. 

SATORRES, C., GARCÍA-CAMPOS, M. & BUSTAMANTE-BALÉN, M. 2021. 

Molecular Features of the Serrated Pathway to Colorectal Cancer: Current 

Knowledge and Future Directions. Gut Liver, 15, 31-43. 

SCHOLLBACH, J., KIRCHER, S., WIEGERING, A., SEYFRIED, F., KLEIN, I., 

ROSENWALD, A., GERMER, C. T. & LOB, S. 2019. Prognostic value of tumour-

infiltrating CD8+ lymphocytes in rectal cancer after neoadjuvant chemoradiation: is 

indoleamine-2,3-dioxygenase (IDO1) a friend or foe? Cancer Immunol 

Immunother, 68, 563-575. 

SCHWEIGER, T., BERGHOFF, A. S., GLOGNER, C., GLUECK, O., RAJKY, O., 

TRAXLER, D., BIRNER, P., PREUSSER, M., KLEPETKO, W. & 

HOETZENECKER, K. 2016. Tumor-infiltrating lymphocyte subsets and tertiary 

lymphoid structures in pulmonary metastases from colorectal cancer. Clin Exp 

Metastasis, 33, 727-39. 

SEGAL, N. H., KEMENY, N. E., CERCEK, A., REIDY, D. L., RAASCH, P. J., 

WARREN, P., HRABOVSKY, A. E., CAMPBELL, N., SHIA, J., GOODMAN, K. 

A., ERINJERI, J. P., SOLOMON, S. B., YAMADA, Y. & SALTZ, L. 2016. Non-

randomized phase II study to assess the efficacy of pembrolizumab (Pem) plus 

radiotherapy (RT) or ablation in mismatch repair proficient (pMMR) metastatic 

colorectal cancer (mCRC) patients. Journal of Clinical Oncology, 34, 3539-3539. 



472 
 

SEGAL, N. H., WAINBERG, Z. A., OVERMAN, M. J., ASCIERTO, P. A., 

ARKENAU, H.-T., BUTLER, M. O., EDER, J. P., KEILHOLZ, U., KIM, D.-W., 

CUNNINGHAM, D., KHLEIF, S. N., DOUCET, L., LEE, J.-S., NEMUNAITIS, J. 

J., VAISHAMPAYAN, U. N., WEISS, J., GAO, C., ABDULLAH, S. E. & 

HOLLEBECQUE, A. 2019. Safety and clinical activity of durvalumab 

monotherapy in patients with microsatellite instability–high (MSI-H) tumors. 

Journal of Clinical Oncology, 37, 670-670. 

SHAHDA, S., NOONAN, A. M., BEKAII-SAAB, T. S., O'NEIL, B. H., SEHDEV, A., 

SHAIB, W. L., HELFT, P. R., LOEHRER, P. J., TONG, Y., LIU, Z. & EL-

RAYES, B. F. 2017. A phase II study of pembrolizumab in combination with 

mFOLFOX6 for patients with advanced colorectal cancer. Journal of Clinical 

Oncology, 35, 3541-3541. 

SHAO, L., PENG, Q., DU, K., HE, J., DONG, Y., LIN, X., LI, J. & WU, J. 2017. Tumor 

cell PD-L1 predicts poor local control for rectal cancer patients following 

neoadjuvant radiotherapy. Cancer Manag Res, 9, 249-258. 

SHI, S. J., WANG, L. J., WANG, G. D., GUO, Z. Y., WEI, M., MENG, Y. L., YANG, 

A. G. & WEN, W. H. 2013. B7-H1 expression is associated with poor prognosis in 

colorectal carcinoma and regulates the proliferation and invasion of HCT116 

colorectal cancer cells. PLoS One, 8, e76012. 

SHIBUTANI, M., MAEDA, K., NAGAHARA, H., FUKUOKA, T., ISEKI, Y., 

MATSUTANI, S., KASHIWAGI, S., TANAKA, H., HIRAKAWA, K. & OHIRA, 

M. 2018. Tumor-infiltrating Lymphocytes Predict the Chemotherapeutic Outcomes 

in Patients with Stage IV Colorectal Cancer. In Vivo, 32, 151-158. 

SHIBUTANI, M., MAEDA, K., NAGAHARA, H., FUKUOKA, T., NAKAO, S., 

MATSUTANI, S., HIRAKAWA, K. & OHIRA, M. 2017a. The peripheral 



473 
 

monocyte count is associated with the density of tumor-associated macrophages in 

the tumor microenvironment of colorectal cancer: a retrospective study. BMC 

Cancer, 17, 404. 

SHIBUTANI, M., MAEDA, K., NAGAHARA, H., FUKUOKA, T., NAKAO, S., 

MATSUTANI, S., HIRAKAWA, K. & OHIRA, M. 2017b. The Prognostic 

Significance of the Tumor-infiltrating Programmed Cell Death-1(+) to CD8(+) 

Lymphocyte Ratio in Patients with Colorectal Cancer. Anticancer Res, 37, 4165-

4172. 

SHINOZAKI, E., KAWAZOE, A., KUBOKI, Y., KOMATSU, Y., NISHINA, T., 

HARA, H., YUKI, S., SHITARA, K., BANDO, H., KOTANI, D., TAKAHASHI, 

K., MIKAMOTO, Y., HASEGAWA, H., HIRANO, N., NOMURA, S., TOGASHI, 

Y., NISHIKAWA, H., SATO, A., OHTSU, A. & YOSHINO, T. 2018. Multicenter 

phase I/II trial of BBI608 and pembrolizumab combination in patients with 

metastatic colorectal cancer (SCOOP Study): EPOC1503. Journal of Clinical 

Oncology, 36, 3530-3530. 

SHINTO, E., HASE, K., HASHIGUCHI, Y., SEKIZAWA, A., UENO, H., SHIKINA, 

A., KAJIWARA, Y., KOBAYASHI, H., ISHIGURO, M. & YAMAMOTO, J. 

2014. CD8+ and FOXP3+ tumor-infiltrating T cells before and after 

chemoradiotherapy for rectal cancer. Ann Surg Oncol, 21 Suppl 3, S414-21. 

SIDERAS, K., GALJART, B., VASATURO, A., PEDROZA-GONZALEZ, A., 

BIERMANN, K., MANCHAM, S., NIGG, A. L., HANSEN, B. E., STOOP, H. A., 

ZHOU, G., VERHOEF, C., SLEIJFER, S., SPRENGERS, D., KWEKKEBOOM, J. 

& BRUNO, M. J. 2018. Prognostic value of intra-tumoral CD8(+) /FoxP3(+) 

lymphocyte ratio in patients with resected colorectal cancer liver metastasis. J Surg 

Oncol, 118, 68-76. 



474 
 

SIEGEL, R. L., MILLER, K. D., FEDEWA, S. A., AHNEN, D. J., MEESTER, R. G. S., 

BARZI, A. & JEMAL, A. 2017. Colorectal cancer statistics, 2017. CA: A Cancer 

Journal for Clinicians, 67, 177-193. 

SIMPSON, J. A., AL-ATTAR, A., WATSON, N. F., SCHOLEFIELD, J. H., ILYAS, M. 

& DURRANT, L. G. 2010. Intratumoral T cell infiltration, MHC class I and 

STAT1 as biomarkers of good prognosis in colorectal cancer. Gut, 59, 926-33. 

SINICROPE, F. A., REGO, R. L., ANSELL, S. M., KNUTSON, K. L., FOSTER, N. R. 

& SARGENT, D. J. 2009. Intraepithelial effector (CD3+)/regulatory (FoxP3+) T-

cell ratio predicts a clinical outcome of human colon carcinoma. Gastroenterology, 

137, 1270-9. 

SIRINUKUNWATTANA, K., DOMINGO, E., RICHMAN, S., REDMOND, K. L., 

BLAKE, A., VERRILL, C., LEEDHAM, S. J., CHATZIPLI, A., HARDY, C., 

WHALLEY, C., WU, C.-H., BEGGS, A. D., MCDERMOTT, U., DUNNE, P., 

MEADE, A. A., WALKER, S. M., MURRAY, G. I., SAMUEL, L. M., 

SEYMOUR, M., TOMLINSON, I., QUIRKE, P., MAUGHAN, T., RITTSCHER, 

J. & KOELZER, V. H. 2019. Image-based consensus molecular subtype 

classification (imCMS) of colorectal cancer using deep learning. bioRxiv, 645143. 

SOUGLAKOS, J., BOUKOVINAS, I., KAKOLYRIS, S., XYNOGALOS, S., ZIRAS, 

N., ATHANASIADIS, A., ANDROULAKIS, N., CHRISTOPOULOU, A., 

VASLAMATZIS, M., ARDAVANIS, A., EMMANOUILIDES, C., BOMPOLAKI, 

I., KOUROUSIS, C., MAKRANTONAKIS, P., CHRISTOFYLLAKIS, C., 

ATHANASIADIS, E., KENTEPOZIDIS, N., KARAMPEAZIS, A., KATOPODI, 

U., ANAGNOSOPOULOS, A., PAPADOPOULOS, G., PRINARAKIS, E., 

KALISPERI, A., MAVROUDIS, D. & GEORGOULIAS, V. 2019. Three- versus 

six-month adjuvant FOLFOX or CAPOX for high-risk stage II and stage III colon 



475 
 

cancer patients: the efficacy results of Hellenic Oncology Research Group (HORG) 

participation to the International Duration Evaluation of Adjuvant Chemotherapy 

(IDEA) project. Ann Oncol, 30, 1304-1310. 

SPENCE, A., KLEMENTOWICZ, J. E., BLUESTONE, J. A. & TANG, Q. 2015. 

Targeting Treg signaling for the treatment of autoimmune diseases. Curr Opin 

Immunol, 37, 11-20. 

SUZUKI, H., CHIKAZAWA, N., TASAKA, T., WADA, J., YAMASAKI, A., 

KITAURA, Y., SOZAKI, M., TANAKA, M., ONISHI, H., MORISAKI, T. & 

KATANO, M. 2010. Intratumoral CD8(+) T/FOXP3 (+) cell ratio is a predictive 

marker for survival in patients with colorectal cancer. Cancer Immunol 

Immunother, 59, 653-61. 

SZYNGLAREWICZ, B., MATKOWSKI, R., SUDER, E., SYDOR, D., FORGACZ, J., 

PUDELKO, M. & GRZEBIENIAK, Z. 2007. Predictive value of lymphocytic 

infiltration and character of invasive margin following total mesorectal excision 

with sphincter preservation for the high-risk carcinoma of the rectum. Adv Med 

Sci, 52, 159-63. 

TACHIBANA, T., ONODERA, H., TSURUYAMA, T., MORI, A., NAGAYAMA, S., 

HIAI, H. & IMAMURA, M. 2005. Increased intratumor Valpha24-positive natural 

killer T cells: a prognostic factor for primary colorectal carcinomas. Clin Cancer 

Res, 11, 7322-7. 

TAKEMOTO, N., KONISHI, F., YAMASHITA, K., KOJIMA, M., FURUKAWA, T., 

MIYAKURA, Y., SHITOH, K. & NAGAI, H. 2004. The correlation of 

microsatellite instability and tumor-infiltrating lymphocytes in hereditary non-

polyposis colorectal cancer (HNPCC) and sporadic colorectal cancers: the 



476 
 

significance of different types of lymphocyte infiltration. Jpn J Clin Oncol, 34, 90-

8. 

TAN, S. Y., FAN, Y., LUO, H. S., SHEN, Z. X., GUO, Y. & ZHAO, L. J. 2005. 

Prognostic significance of cell infiltrations of immunosurveillance in colorectal 

cancer. World J Gastroenterol, 11, 1210-4. 

TAYLOR, K., YAU, H. L., WANG, B. X., BEDARD, P. L., RAZAK, A. R., HANSEN, 

A. R., SPREAFICO, A., CESCON, D., BUTLER, M. O., OZA, A. M., 

LHEUREUX, S., STJEPANOVIC, N., WANG, L., AS, B. V., BOROSS-

HARMER, S., PUGH, T., SIU, L. L. & CARVALHO, D. D. D. 2019. Abstract 

CT190: A Phase II basket study of hypomethylating agent oral cc-486 and 

durvalumab in advanced solid tumors (METADUR). Cancer Research, 79, CT190-

CT190. 

TEIXEIRA, F., AKAISHI, E. H., USHINOHAMA, A. Z., DUTRA, T. C., NETTO, S. 

D., UTIYAMA, E. M., BERNINI, C. O. & RASSLAN, S. 2015. Can we respect the 

principles of oncologic resection in an emergency surgery to treat colon cancer? 

World J Emerg Surg, 10, 5. 

TENG, F., MENG, X., KONG, L., MU, D., ZHU, H., LIU, S., ZHANG, J. & YU, J. 

2015a. Tumor-infiltrating lymphocytes, forkhead box P3, programmed death 

ligand-1, and cytotoxic T lymphocyte-associated antigen-4 expressions before and 

after neoadjuvant chemoradiation in rectal cancer. Transl Res, 166, 721-732 e1. 

TENG, F., MU, D., MENG, X., KONG, L., ZHU, H., LIU, S., ZHANG, J. & YU, J. 

2015b. Tumor infiltrating lymphocytes (TILs) before and after neoadjuvant 

chemoradiotherapy and its clinical utility for rectal cancer. Am J Cancer Res, 5, 

2064-74. 



477 
 

TESTA, U., CASTELLI, G. & PELOSI, E. 2020. Genetic Alterations of Metastatic 

Colorectal Cancer. Biomedicines, 8. 

THIERY, J. P. 2003. Epithelial-mesenchymal transitions in development and pathologies. 

Curr Opin Cell Biol, 15, 740-6. 

TORNILLO, L., LEHMANN, F. S., GAROFOLI, A., PARADISO, V., NG, C. K. Y. & 

PISCUOGLIO, S. 2021. The Genomic Landscape of Serrated Lesion of the 

Colorectum: Similarities and Differences With Tubular and Tubulovillous 

Adenomas. Front Oncol, 11, 668466. 

TOSOLINI, M., KIRILOVSKY, A., MLECNIK, B., FREDRIKSEN, T., MAUGER, S., 

BINDEA, G., BERGER, A., BRUNEVAL, P., FRIDMAN, W. H., PAGES, F. & 

GALON, J. 2011a. Clinical impact of different classes of infiltrating T cytotoxic 

and helper cells (Th1, th2, treg, th17) in patients with colorectal cancer. Cancer 

Res, 71, 1263-71. 

TOSOLINI, M., KIRILOVSKY, A., MLECNIK, B., FREDRIKSEN, T., MAUGER, S., 

BINDEA, G., BERGER, A., BRUNEVAL, P., FRIDMAN, W. H., PAGÈS, F. & 

GALON, J. 2011b. Clinical impact of different classes of infiltrating T cytotoxic 

and helper cells (Th1, th2, treg, th17) in patients with colorectal cancer. Cancer 

Res, 71, 1263-71. 

TSOU, P., KATAYAMA, H., OSTRIN, E. J. & HANASH, S. M. 2016. The Emerging 

Role of B Cells in Tumor Immunity. Cancer Res, 76, 5597-5601. 

TURNER, N., WONG, H. L., TEMPLETON, A., TRIPATHY, S., WHITI ROGERS, T., 

CROXFORD, M., JONES, I., SINNATHAMBY, M., DESAI, J., TIE, J., BAE, S., 

CHRISTIE, M., GIBBS, P. & TRAN, B. 2016. Analysis of local chronic 

inflammatory cell infiltrate combined with systemic inflammation improves 



478 
 

prognostication in stage II colon cancer independent of standard clinicopathologic 

criteria. Int J Cancer, 138, 671-8. 

UENO, H., HASHIGUCHI, Y., SHIMAZAKI, H., SHINTO, E., KAJIWARA, Y., 

NAKANISHI, K., KATO, K., MAEKAWA, K., MIYAI, K., NAKAMURA, T., 

YAMAMOTO, J. & HASE, K. 2013. Objective criteria for crohn-like lymphoid 

reaction in colorectal cancer. Am J Clin Pathol, 139, 434-41. 

UENO, H., SHINTO, E., SHIMAZAKI, H., KAJIWARA, Y., SUEYAMA, T., 

YAMAMOTO, J. & HASE, K. 2015. Histologic categorization of desmoplastic 

reaction: its relevance to the colorectal cancer microenvironment and prognosis. 

Ann Surg Oncol, 22, 1504-12. 

VAN ACKER, H. H., CAPSOMIDIS, A., SMITS, E. L. & VAN TENDELOO, V. F. 

2017. CD56 in the Immune System: More Than a Marker for Cytotoxicity? Front 

Immunol, 8, 892. 

VAN GESTEL, Y. R., DE HINGH, I. H., VAN HERK-SUKEL, M. P., VAN ERNING, 

F. N., BEEREPOOT, L. V., WIJSMAN, J. H., SLOOTER, G. D., RUTTEN, H. J., 

CREEMERS, G. J. & LEMMENS, V. E. 2014. Patterns of metachronous 

metastases after curative treatment of colorectal cancer. Cancer Epidemiol, 38, 448-

54. 

VAN WYK, H. C., PARK, J. H., EDWARDS, J., HORGAN, P. G., MCMILLAN, D. C. 

& GOING, J. J. 2016. The relationship between tumour budding, the tumour 

microenvironment and survival in patients with primary operable colorectal cancer. 

Br J Cancer, 115, 156-63. 

VAN WYK, H. C., ROSEWEIR, A., ALEXANDER, P., PARK, J. H., HORGAN, P. G., 

MCMILLAN, D. C. & EDWARDS, J. 2019. The Relationship Between Tumor 



479 
 

Budding, Tumor Microenvironment, and Survival in Patients with Primary 

Operable Colorectal Cancer. Ann Surg Oncol, 26, 4397-4404. 

VERACYTE. 2019. WHAT IS IMMUNOSCORE®? [Online]. VERACYTE. Available: 

https://io.veracyte.com/what-is-immunoscore/ [Accessed 26th July 2022]. 

VIGNJEVIC, D., SCHOUMACHER, M., GAVERT, N., JANSSEN, K.-P., JIH, G., 

LAÉ, M., LOUVARD, D., BEN-ZE'EV, A. & ROBINE, S. 2007. Fascin, a Novel 

Target of β-Catenin-TCF Signaling, Is Expressed at the Invasive Front of Human 

Colon Cancer. Cancer Research, 67, 6844-6853. 

VIVIER, E., TOMASELLO, E., BARATIN, M., WALZER, T. & UGOLINI, S. 2008. 

Functions of natural killer cells. Nat Immunol, 9, 503-10. 

VLAD, C., KUBELAC, P., FETICA, B., VLAD, D., IRIMIE, A. & ACHIMAS-

CADARIU, P. 2015. The prognostic value of FOXP3+ T regulatory cells in 

colorectal cancer. J BUON, 20, 114-9. 

VOGELAAR, F. J., VAN PELT, G. W., VAN LEEUWEN, A. M., WILLEMS, J. M., 

TOLLENAAR, R. A., LIEFERS, G. J. & MESKER, W. E. 2016. Are disseminated 

tumor cells in bone marrow and tumor-stroma ratio clinically applicable for patients 

undergoing surgical resection of primary colorectal cancer? The Leiden MRD 

study. Cell Oncol (Dordr), 39, 537-544. 

VOGELSTEIN, B. & KINZLER, K. W. 1993. The multistep nature of cancer. Trends 

Genet, 9, 138-41. 

VÄYRYNEN, J. P., HARUKI, K., LAU, M. C., VÄYRYNEN, S. A., ZHONG, R., DIAS 

COSTA, A., BOROWSKY, J., ZHAO, M., FUJIYOSHI, K., ARIMA, K., 

TWOMBLY, T. S., KISHIKAWA, J., GU, S., AMINMOZAFFARI, S., SHI, S., 

BABA, Y., AKIMOTO, N., UGAI, T., DA SILVA, A., GUERRIERO, J. L., 



480 
 

SONG, M., WU, K., CHAN, A. T., NISHIHARA, R., FUCHS, C. S., 

MEYERHARDT, J. A., GIANNAKIS, M., OGINO, S. & NOWAK, J. A. 2021. 

The Prognostic Role of Macrophage Polarization in the Colorectal Cancer 

Microenvironment. Cancer Immunol Res, 9, 8-19. 

VÄYRYNEN, J. P., KANTOLA, T., VÄYRYNEN , S. A., KLINTRUP, K., BLOIGU, 

R., KARHU, T., MAKELA, J., HERZIG, K. H., KARTTUNEN, T. J., 

TUOMISTO, A. & MÄKINEN, M. J. 2016. The relationships between serum 

cytokine levels and tumor infiltrating immune cells and their clinical significance in 

colorectal cancer. Int J Cancer, 139, 112-21. 

VÄYRYNEN, J. P., SAJANTI, S. A., KLINTRUP, K., MAKELA, J., HERZIG, K. H., 

KARTTUNEN, T. J., TUOMISTO, A. & MÄKINEN, M. J. 2014. Characteristics 

and significance of colorectal cancer associated lymphoid reaction. Int J Cancer, 

134, 2126-35. 

VÄYRYNEN, J. P., TUOMISTO, A., KLINTRUP, K., MÄKELÄ, J., KARTTUNEN, T. 

J. & MÄKINEN, M. J. 2013. Detailed analysis of inflammatory cell infiltration in 

colorectal cancer. Br J Cancer, 109, 1839-47. 

VÄYRYNEN, J. P., VORNANEN, J. O., SAJANTI, S., BOHM, J. P., TUOMISTO, A. & 

MÄKINEN, M. J. 2012. An improved image analysis method for cell counting 

lends credibility to the prognostic significance of T cells in colorectal cancer. 

Virchows Arch, 460, 455-65. 

WAGNER, S., MULLINS, C. S. & LINNEBACHER, M. 2018. Colorectal cancer 

vaccines: Tumor-associated antigens vs neoantigens. World J Gastroenterol, 24, 

5418-5432. 

WAINBERG, Z. A., FUCHS, C. S., TABERNERO, J., SHITARA, K., MURO, K., 

CUTSEM, E. V., BANG, Y.-J., CHUNG, H. C., YAMAGUCHI, K., VARGA, E., 



481 
 

CHEN, J.-S., HOCHHAUSER, D., THUSS-PATIENCE, P. C., AL-BATRAN, S.-

E., GARRIDO, M., KHER, U., SHIH, C.-S., SHAH, S., BHAGIA, P. & CHAO, J. 

2020. Efficacy of pembrolizumab (pembro) monotherapy versus chemotherapy for 

PD-L1–positive (CPS ≥10) advanced G/GEJ cancer in the phase II KEYNOTE-059 

(cohort 1) and phase III KEYNOTE-061 and KEYNOTE-062 studies. Journal of 

Clinical Oncology, 38, 427-427. 

WALLACE, K., LEWIN, D. N., SUN, S., SPICELAND, C. M., ROCKEY, D. C., 

ALEKSEYENKO, A. V., WU, J. D., BARON, J. A., ALBERG, A. J. & HILL, E. 

G. 2018. Tumor-Infiltrating Lymphocytes and Colorectal Cancer Survival in 

African American and Caucasian Patients. Cancer Epidemiol Biomarkers Prev, 27, 

755-761. 

WANG, D. L., LIU, Y. Y., GU, Y. L., QIN, Y., JI, H. F., WU, L. H., QI, N., SU, D., 

HUANG, S. H. & ZHANG, Y. Q. 2015a. Increased number of forkhead box P3+ 

tumor-infiltrating lymphocytes correlates with high preoperative albumin level and 

better survival in patients with stage II or III colorectal cancer. Tumour Biol, 36, 

5407-14. 

WANG, L., ZHAI, Z. W., JI, D. B., LI, Z. W. & GU, J. 2015b. Prognostic value of 

CD45RO(+) tumor-infiltrating lymphocytes for locally advanced rectal cancer 

following 30 Gy/10f neoadjuvant radiotherapy. Int J Colorectal Dis, 30, 753-60. 

WANG, Y., LIN, H. C., HUANG, M. Y., SHAO, Q., WANG, Z. Q., WANG, F. H., 

YUAN, Y. F., LI, B. K., WANG, D. S., DING, P. R., CHEN, G., WU, X. J., LU, Z. 

H., LI, L. R., PAN, Z. Z., SUN, P., YAN, S. M., WAN, D. S., XU, R. H. & LI, Y. 

H. 2018. The Immunoscore system predicts prognosis after liver metastasectomy in 

colorectal cancer liver metastases. Cancer Immunol Immunother, 67, 435-444. 



482 
 

WEI, X. L., WU, Q. N., CHEN, D. L., ZENG, Z. L., LU, J. B., LIU, Z. X., JU, H. Q., 

REN, C., PAN, Z. Z., WANG, F. H. & XU, R. H. 2018. The Clinical and 

Biomarker Association of Programmed Death Ligand 1 and its Spatial 

Heterogeneous Expression in Colorectal Cancer. J Cancer, 9, 4325-4333. 

WERB, Z. & LU, P. 2015. The Role of Stroma in Tumor Development. Cancer J, 21, 

250-3. 

WIRTA, E. V., SEPPALA, T., FRIMAN, M., VÄYRYNEN, J., AHTIAINEN, M., 

KAUTIAINEN, H., KUOPIO, T., KELLOKUMPU, I., MECKLIN, J. P. & BOHM, 

J. 2017. Immunoscore in mismatch repair-proficient and -deficient colon cancer. J 

Pathol Clin Res, 3, 203-213. 

WORLD_HEALTH_ORGANISATION. Cancer [Online]. WHO international web site. 

Available: https://www.who.int/news-room/fact-sheets/detail/cancer [Accessed 

January 28 2021]. 

WU, Z., YANG, L., SHI, L., SONG, H., SHI, P., YANG, T., FAN, R., JIANG, T. & 

SONG, J. 2019. Prognostic Impact of Adenosine Receptor 2 (A2aR) and 

Programmed Cell Death Ligand 1 (PD-L1) Expression in Colorectal Cancer. 

Biomed Res Int, 2019, 8014627. 

WYSS, J., DISLICH, B., KOELZER, V. H., GALVAN, J. A., DAWSON, H., 

HADRICH, M., INDERBITZIN, D., LUGLI, A., ZLOBEC, I. & BERGER, M. D. 

2019. Stromal PD-1/PD-L1 Expression Predicts Outcome in Colon Cancer Patients. 

Clin Colorectal Cancer, 18, e20-e38. 

XIE, Q. K., HE, W. Z., HU, W. M., YANG, L., JIANG, C., KONG, P. F., YANG, Y. Z., 

YANG, Q., ZHANG, H. Z., ZHANG, B. & XIA, L. P. 2018. Tumor-infiltrating 

lymphocyte as a prognostic biomarker in stage IV colorectal cancer should take 



483 
 

into account the metastatic status and operation modality. Cancer Manag Res, 10, 

1365-1375. 

XU, W., LIU, H., SONG, J., FU, H. X., QIU, L., ZHANG, B. F., LI, H. Z., BAI, J. & 

ZHENG, J. N. 2013. The appearance of Tregs in cancer nest is a promising 

independent risk factor in colon cancer. J Cancer Res Clin Oncol, 139, 1845-52. 

YAMAMOTO, N., NOKIHARA, H., YAMADA, Y., SHIBATA, T., TAMURA, Y., 

SEKI, Y., HONDA, K., TANABE, Y., WAKUI, H. & TAMURA, T. 2017. Phase I 

study of Nivolumab, an anti-PD-1 antibody, in patients with malignant solid 

tumors. Invest New Drugs, 35, 207-216. 

YARCHOAN, M., HUANG, C.-Y., ZHU, Q., FERGUSON, A. K., DURHAM, J. N., 

ANDERS, R. A., THOMPSON, E. D., ROZICH, N. S., THOMAS II, D. L., 

NAUROTH, J. M., RODRIGUEZ, C., OSIPOV, A., DE JESUS-ACOSTA, A., LE, 

D. T., MURPHY, A. G., LAHERU, D., DONEHOWER, R. C., JAFFEE, E. M., 

ZHENG, L. & AZAD, N. S. 2020. A phase 2 study of GVAX colon vaccine with 

cyclophosphamide and pembrolizumab in patients with mismatch repair proficient 

advanced colorectal cancer. Cancer Medicine, 9, 1485-1494. 

YOMODA, T., SUDO, T., KAWAHARA, A., SHIGAKI, T., SHIMOMURA, S., 

TAJIRI, K., NAGASU, S., FUJITA, F., KINUGASA, T. & AKAGI, Y. 2019. The 

Immunoscore is a Superior Prognostic Tool in Stages II and III Colorectal Cancer 

and is Significantly Correlated with Programmed Death-Ligand 1 (PD-L1) 

Expression on Tumor-Infiltrating Mononuclear Cells. Ann Surg Oncol, 26, 415-

424. 

YOON, H. H., ORROCK, J. M., FOSTER, N. R., SARGENT, D. J., SMYRK, T. C. & 

SINICROPE, F. A. 2012. Prognostic impact of FoxP3+ regulatory T cells in 



484 
 

relation to CD8+ T lymphocyte density in human colon carcinomas. PLoS One, 7, 

e42274. 

ZEESTRATEN, E. C., VAN HOESEL, A. Q., SPEETJENS, F. M., MENON, A. G., 

PUTTER, H., VAN DE VELDE, C. J. & KUPPEN, P. J. 2013. FoxP3- and CD8-

positive Infiltrating Immune Cells Together Determine Clinical Outcome in 

Colorectal Cancer. Cancer Microenviron, 6, 31-9. 

ZHANG, G. J., ZHOU, T., TIAN, H. P., LIU, Z. L. & XIA, S. S. 2013. High expression 

of ZEB1 correlates with liver metastasis and poor prognosis in colorectal cancer. 

Oncol Lett, 5, 564-568. 

ZHANG, S., BAI, W., TONG, X., BU, P., XU, J. & XI, Y. 2019. Correlation between 

tumor microenvironment-associated factors and the efficacy and prognosis of 

neoadjuvant therapy for rectal cancer. Oncol Lett, 17, 1062-1070. 

ZHOU, L. J. & TEDDER, T. F. 1996. CD14+ blood monocytes can differentiate into 

functionally mature CD83+ dendritic cells. Proc Natl Acad Sci U S A, 93, 2588-92. 

ZHU, H., QIN, H., HUANG, Z., LI, S., ZHU, X., HE, J., YANG, J., YU, X. & YI, X. 

2015. Clinical significance of programmed death ligand-1 (PD-L1) in colorectal 

serrated adenocarcinoma. Int J Clin Exp Pathol, 8, 9351-9. 

ZLOBEC, I., BAKER, K., TERRACCIANO, L., PETER, S., DEGEN, L., BEGLINGER, 

C. & LUGLI, A. 2008a. Two-marker protein profile predicts poor prognosis in 

patients with early rectal cancer. Br J Cancer, 99, 1712-7. 

ZLOBEC, I. & LUGLI, A. 2010. Epithelial mesenchymal transition and tumor budding 

in aggressive colorectal cancer: tumor budding as oncotarget. Oncotarget, 1, 651-

61. 



485 
 

ZLOBEC, I., LUGLI, A., BAKER, K., ROTH, S., MINOO, P., HAYASHI, S., 

TERRACCIANO, L. & JASS, J. R. 2007. Role of APAF-1, E-cadherin and 

peritumoral lymphocytic infiltration in tumour budding in colorectal cancer. J 

Pathol, 212, 260-8. 

ZLOBEC, I., MINOO, P., BAUMHOER, D., BAKER, K., TERRACCIANO, L., JASS, 

J. R. & LUGLI, A. 2008b. Multimarker phenotype predicts adverse survival in 

patients with lymph node-negative colorectal cancer. Cancer, 112, 495-502. 

ZLOBEC, I., MINOO, P., TERRACCIANO, L., BAKER, K. & LUGLI, A. 2011. 

Characterization of the immunological microenvironment of tumour buds and its 

impact on prognosis in mismatch repair-proficient and -deficient colorectal cancers. 

Histopathology, 59, 482-95. 

ZLOBEC, I., TERRACCIANO, L. M. & LUGLI, A. 2008c. Local recurrence in 

mismatch repair-proficient colon cancer predicted by an infiltrative tumor border 

and lack of CD8+ tumor-infiltrating lymphocytes. Clin Cancer Res, 14, 3792-7. 

ZUNDER, S., VAN DER WILK, P., GELDERBLOM, H., DEKKER, T., MANCAO, C., 

KIIALAINEN, A., PUTTER, H., TOLLENAAR, R. & MESKER, W. 2019. 

Stromal organization as predictive biomarker for the treatment of colon cancer with 

adjuvant bevacizumab; a post-hoc analysis of the AVANT trial. Cell Oncol 

(Dordr), 42, 717-725. 

ZUNDER, S. M., VAN PELT, G. W., GELDERBLOM, H. J., MANCAO, C., PUTTER, 

H., TOLLENAAR, R. A. & MESKER, W. E. 2018. Predictive potential of tumour-

stroma ratio on benefit from adjuvant bevacizumab in high-risk stage II and stage 

III colon cancer. Br J Cancer, 119, 164-169. 

 


	Thesis Cover Sheet (My Version)
	2022AlexanderMD
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	ACKNOWLEDGEMENTS
	DECLARATION
	PUBLICATIONS
	PRESENTATIONS
	DEFINITIONS/ABBREVIATIONS
	DEDICATION
	SUMMARY
	1. INTRODUCTION
	1.1 COLORECTAL CANCER EPIDEMIOLOGY
	1.2 MANAGING PATIENTS WITH COLORECTAL CANCER
	1.3 GENETIC MUTATIONS IN COLORECTAL CANCER
	1.3.1 Chromosomal Instability Pathway
	1.3.2 Microsatellite Instability Pathway
	1.3.3 Serrated Pathway

	1.4 CONSENSUS MOLECULAR SUBTYPES
	1.5 OPTIMUM INFLAMMATORY CELL SCORING METHODOLOGY
	1.5.1 Specific Methods
	1.5.1.1 Search Strategy
	1.5.1.2 Data Extraction
	1.5.1.3 Statistical analysis

	1.5.2 Overview of Studies
	1.5.2.1 Search results and exclusions
	1.5.2.2 Study characteristics

	1.5.3 H&E-Based Scoring of Local Inflammatory Response
	1.5.3.1 Jass and Klintrup-Mäkinen grade (KM)
	1.5.3.2 Crohn’s-Like Reaction (CLR)
	1.5.3.3 H&E Assessment of Tumour Infiltrating Lymphocytes (TILs)
	1.5.3.4 Combined H&E Assessment of peritumoural inflammation
	1.5.3.5 H&E Assessment and MSI

	1.5.4 Immunohistochemistry for Inflammatory Cell Markers
	1.5.4.1 Immunohistochemical Staining for CD3
	1.5.4.2 Immunohistochemical Staining for CD8
	1.5.4.3 Immunohistochemical Staining for CD4
	1.5.4.4 Immunohistochemical Staining for CD45RO
	1.5.4.5 Immunohistochemical Staining for FoxP3
	1.5.4.6 The “Immunoscore”
	1.5.4.7 Immunohistochemical Staining for CD20
	1.5.4.8 Immunohistochemical Staining for Natural Killer Cell Markers
	1.5.4.9  Immunohistochemical Staining for Macrophage Populations

	1.5.5 Discussion and Conclusion
	1.5.5.1 Discussion
	1.5.5.2 Conclusion


	1.6 ASSESSMENT OF THE MESENCHYMAL PHENOTYPE
	1.7 THE GLASGOW MICROENVIRONMENT SCORE (GMS)
	1.8 SUMMARY AND AIMS
	1.8.1 Summary
	1.8.2 Hypotheses and Aims


	2. GENERIC METHODS
	2.1 LITERATURE REVIEWS
	2.2 PATIENTS
	2.2.1 Datasets upon which the contained research data are based
	2.2.2 GRI-CRC-TMA construction and slide scanning

	2.3 CLINICOPATHOLOGICAL DATA
	2.4 H&E-BASED SCORING
	2.4.1 Klintrup-Mäkinen grade (KM)
	2.4.2 Tumour stromal percentage
	2.4.3 Crohn’s-like reaction
	2.4.4 Tumour infiltrating lymphocytes (TILs)

	2.5 IMMUNOHISTOCHEMISTRY METHOD FOR EMT MARKERS
	2.6 WEIGHTED HISTOSCORE (EMT MARKERS)
	2.7 STATISTICAL ANALYSIS

	3. GMS AND MARKERS OF EPITHELIAL-MESENCHYMAL TRANSITION (EMT) IN THE CONTEXT OF COLORECTAL CANCER
	3.1 SPECIFIC METHODS
	3.1.1 Patient cohort
	3.1.2 Clinicopathological characteristics
	3.1.3 Immunohistochemistry and scoring
	3.1.4 Statistical analysis

	3.2 RESULTS
	3.3 DISCUSSION

	4. GMS VALIDATION
	4.1 SPECIFIC METHODS
	4.1.1 Patient cohorts
	4.1.2 Clinicopathological characteristics
	4.1.3 Immunohistochemical staining
	4.1.4 Mutational analysis
	4.1.5 Statistical analysis

	4.2 VALIDATING THE GMS IN THE AP TMA
	4.2.1 Results of survival analysis in the AP TMA cohort
	4.2.2 Implications of Results in the AP TMA cohort

	4.3 VALIDATING THE GMS IN COLON CANCER IN THE GRI-CRC-TMA
	4.3.1 Results of survival analysis in the GRI-CRC-TMA cohort
	4.3.2 Implications of Results in the GRI-CRC-TMA cohort
	4.3.3 Implications of Results from both the AP TMA and GRI-CRC-TMA cohorts

	4.4 VALIDATING THE GMS IN THE COMBINED JP-AP TMA COHORT
	4.4.1 Results of survival analysis in the combined JP-AP TMA cohort
	4.4.2 Implications of Results in the JP-AP TMA cohort

	4.5 VALIDATING THE GMS IN THE TRANSSCOT COHORT
	4.5.1 Results of survival analysis in the TransScot cohort
	4.5.2 Implications of Results in the TransScot cohort

	4.6 DISCUSSION

	5. GMS AND CRC RECURRENCE
	5.1 SPECIFIC METHODS
	5.1.1 Patient cohort
	5.1.2 Clinicopathological characteristics
	5.1.3 GMS scoring
	5.1.4 Statistical analysis

	5.2 RESULTS
	5.3 DISCUSSION

	6. GMS AND RESPONSE TO CHEMOTHERAPY
	6.1 SPECIFIC METHODS
	6.1.1 Patient cohorts
	6.1.2 Clinicopathological characteristics
	6.1.3 GMS scoring
	6.1.4 Statistical analysis

	6.2 RESULTS
	6.2.1 GMS and adjuvant chemotherapy in the GRI-CRC-TMA
	6.2.2 Interactions between GMS and chemotherapy type/duration in the TransSCOT cohort

	6.3 DISCUSSION

	7. Programmed-Cell Death 1 (PDCD1) and Programmed Death Ligand-1 (CD274)
	7.1 SPECIFIC METHODS
	7.1.1 Search Strategy
	7.1.2 Data Extraction
	7.1.3 Statistical analysis

	7.2 OVERVIEW OF STUDIES
	7.2.1 Search results and exclusions
	7.2.2 Study characteristics

	7.3 SYSTEMATIC REVIEW AND META-ANALYSIS RESULTS FOR PDCD1 AND CD274 ASSESSMENT ACCORDING TO METHODOLOGY
	7.3.1 PDCD1 (PD-1) assessment in immune cells
	7.3.2 CD274 (PD-L1) assessment in immune cells
	7.3.3 CD274 (PD-L1) assessment in tumour tissue
	7.3.4 CD274 (PD-L1) combined assessment in tumour tissue and immune cells
	7.3.5 CD274 (PD-L1) and response to anti-PD-1 therapy in CRC

	7.4 DISCUSSION

	8. CONCLUSIONS
	APPENDICES
	Appendix 1. Tables representing data mined from papers in systematic review and meta-analysis of inflammatory cells and prognosis in colorectal cancer (Chapter 1).
	Appendix 2. Supplementary tables comparing the relationship between individual EMT markers and clinicopathological variables
	Appendix 3. Tables representing data mined from papers in systematic review of PDCD1/CD274 (Chapter 7) and prognosis in colorectal cancer.

	REFERENCES


