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Abstract

An abnormal systemic inflammatory response is associated with adverse short and long
term outcomes in cancer. Systemic inflammation can be a surrogate maker of the
interaction between host immune response and tumour. Systemic inflammation can
influence treatment response to chemoradiotherapy. At present there is no reliable
biomarker of response to chemoradiotherapy in rectal cancer. This thesis examines the
influence of the systemic inflammatory response on treatment response to neoadjuvant

chemoradiotherapy in rectal cancer.

A dataset of patients receiving neoadjuvant long course chemoradiotherapy (CRT) for non-
metastatic disease followed by potentially curative resection for rectal cancer was
compiled from two prospectively databases of patients treated at Glasgow Royal Infirmary
from 2008-2014 and the wider West of Scotland between 2014-2016. Blood results and
clinic-pathological data for these patients were collected from electronic patient records to
create a comprehensive dataset. Biomarkers of systemic inflammation included:
differential blood count; neutrophil to lymphocyte ratio (NLR); haemoglobin; C reactive
protein; albumin; and modified Glasgow Prognostic Score(mGPS). Treatment response to
chemoradiotherapy was quantified with tumour regression grade, pathological complete

response and the neoadjuvant rectal score.

I observed white cell count (WCC), NLR and mGPS were not associated with treatment
response. Lower haemoglobin and elevated CEA were associated with poorer tumour
response. There was no association with changes in WCC, NLR, CRP and tumour
response. [ observed the development of lymphopenia during treatment but no association
with tumour response. I observed baseline anaemia was associated with poorer tumour
response and an association between anaemia and systemic inflammation. A significant

proportion of my time was in the recruitment and coordination of sample collection for a

17



novel pilot study for the feasibility of protocolised blood and tumour sampling during

neoadjuvant therapy.

I have not demonstrated an association between serum markers of systemic inflammation
and treatment response. I have demonstrated anaemia is a marker of poor response and the
association between anaemia and systemic inflammation. This highlights the difficulty in
measurements of the systemic inflammatory response from routine blood tests and the
importance of more detailed study of markers of systemic inflammatory response which
are being done in research settings rather than routine clinical practice. This would help
identify reliable biomarkers of treatment response to neoadjuvant chemotherapy and organ

preservation strategies.
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1 Introduction

1.1 Epidemiology of Rectal Cancer

Colorectal cancer is the 3rd commonest cancer and the second commonest cause of cancer
related mortality in the UK (CRUK cancer statistics). The number of new colorectal
cancers (CRC) diagnosed each year in the UK in the region of 42,800 cases and set rise to
47700 by 2038-2040. The most common site encompassing a third of these cancers are
within in the rectum. [1] The incidence of rectal cancer is highest in Japan and Eastern
Europe with lower rates in Africa and Asia. The incidence has been stabilising or falling in
higher risk regions but increasing in regions of previously low incidence. 5 Year colon
cancer survival in the UK (60%) is worse than other Organisation for Economic Co-
operation and Development (OECD) countries such as Australia (71%) and Belgium
(68%). [2] The epidemiology of the illness is also changing with increasing incidence in
younger patients (<50 years) reported in the UK, other western nations and Asia. Younger
patients predominantly present with left sided and rectal cancers whilst older patients tend

to have right colon cancers. [3]

1.2 Anatomy of the rectum

As the primitive gut elongates, in the third week of gestation it differentiates into the
anterior foregut, central mid gut and posterior hind gut. The hind gut encompasses the
distal third of transverse colon, descending colon, sigmoid colon, rectum and anal canal
above the dentate line. The blood supply to the hind gut is from the inferior mesenteric
artery (IMA). During the 5th to 10th week of gestation the protoderm, an invagination of
the ectoderm fuses with the hind gut to form the lower third of the rectum. The rectum

originates from the from the end of sigmoid colon where the taeniae coli and appendices
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epiploic end. [4] The definition of the proximal and distal aspects of the rectum are
debated with surgeons considering at the level of the sacral promontory but anatomists
considering at the level of the third sacral vertebrae. The distal extent is at the level of the
muscular anorectal ring by surgeons but the dentate line as per anatomists. [5] The rectum
is divided into three parts: the low rectum (anal verge to 6¢cm); mid rectum (7-11cm); and
upper rectum (12-15cm). It is covered anteriorly and superiorly by peritoneum. The
majority of the rectum is extra peritoneal at its posterior aspect and sits on the sacral
hollow. The rectum is surrounded by peri-rectal areolar tissue, thicker posteriorly,
containing the terminal branches of the IMA. The mesorectum is held in place by
suspensory lateral ligaments made up of connective tissue and nerves supplying the rectum
which attach it to the pelvic autonomic nerve plexus. The mesorectum does not contain
any functionally significant nerves so can be removed as it contains lymphatics that drain
the rectum. It also provides a relatively bloodless plane, the “holy plane” as described by
Heald. [6] Surgery on the rectums aim to remove this layer intact whilst being careful not
to damage the seminal vesicles and posterior vaginal wall in women which is separated by

Denonvillier’s fascia. [6] [5]

The blood supply to the hind gut is from the IMA. The IMA travels in the sigmoid
mesocolon becoming the superior haemorrhoidal artery when it crosses the left iliac
vessels. It bifurcates entering the rectum posteriorly and then running within the
submucosa inferiorly to supply the lower rectum and anal canal. The rectum receives its
main blood supply from the superior and inferior haemorrhoidal arteries, the latter a branch
of the internal pudendal artery, a branch of the internal iliac arteries. Venous drainage of
the anorectum is via the middle and inferior haemorrhoidal veins to the internal iliac vein
and vena cava. The lymphatic drainage of the upper two-thirds of the rectum is entirely

superiorly by the inferior mesenteric nodes, and then to the para-aortic lymph nodes. This
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is the reasoning behind a high ligation of the IMA close to its origin to maximise lymph
node yield. The lower third of the rectum drains superiorly via the superior and middle
haemorrhoidal vessels as well as via the middle haemorrhoidal vessels to the internal iliac
lymph nodes. The anal canal is drained by the inferior mesenteric and internal iliac nodes
above the dentate line, and by the inferior rectal to the superficial inguinal nodes as well as
along the inferior haemorrhoidal artery below the dentate line. Sympathetic innervation of
the rectum and left colon is from preganglionic fibres via the lumbar sympathetic nerves
arising from L1-L3 which follow the arterial supply from the IMA, and the hypogastric
plexus innervating the lower rectum. Parasympathetic innervation of the rectum and anal
canal if from the nervi erigentes from S2-4 which follow the sympathetic hypogastric
plexus. Pelvic nerves found between the peritoneum and endopelvic fascia and run the risk

of injury during rectal surgery which can result in bladder, bowel and sexual dysfunction.

[5]

1.3 Risk Factors

Male gender and increasing age have consistently been shown to have strong associations
with the incidence of CRC. Colorectal cancer is predominantly sporadic in nature with
only 10-20% patients having a positive family history. [7] Migrant populations from lower
risk regions soon take on local levels of higher risk. Green leafy vegetables are associated
with lower colorectal cancer risk in men, but consumption of fruits was not related to risk
in men or women. Vegetables contain micronutrients like carotenoids, folate, ascorbate,
bioactive components like phenols, flavonoids, isothiocyanates and indoles, all of which
have anticarcinogenic components. Non-digestible fructo-oligosaccharides maybe
protective by enhancing beneficial Bifidobacterium and Lactobacillus. [8] A diet high in
fibre and increasing dietary fibre have been shown to be protective against colorectal

cancer. [9] [10] Lifetime alcohol has been shown to increase the incidence of rectal cancer
21



more than colonic cancers. [11] Red and processed meats have been shown to increase the
risk of colorectal by its effect on bile acid production, formation to carcinogens during the
cooking process, and nitrosamine production. An ultra processed diet high in sugar,
saturated and total fats have also been implicated. [12, 13] Countries with a high Human
Development Index (HDI) have a fourfold incidence of CRCs. Whilst incidence stabilises
in the high HDI countries, it is rapidly increasing in low HDI countries due to increased

exposure of CRC risk factors. [14]

Non dietary risk factors include smoking which has an association with large colorectal
adenomas which has the potential to evolve into an adenocarcinoma through the adenoma
carcinoma sequence. Chronic inflammation of the GI tract from ulcerative colitis and
Crohn’s disease increases the risk of CRC. [15] The metabolic syndrome (which includes 3
or more of the following: hypertension; increased waist circumference;
hypertriglyceridemia; low levels high density lipoprotein cholesterol; diabetes /
hyperglycaemia) has an increased incidence of CRCs in men but not women. [16] Weight

gain and heavy alcohol consumption been shown to increase the risk of CRC. [17, 18]

Since 2003, there has been a rising incidence of early onset CRC, nominally referring to
patients below 50 years of age, the timepoint at which most colorectal screening programs
begin. [19] This has been observed in several high income countries and in the USA
follows a strong birth cohort effect with the lowest incidence of CRC in those born in the
1950s. This is now resulting in a higher mortality in the under 55s with CRC. [20, 21] The
strong birth cohort effect is indicative of population wide changes in behaviours which
increase the risk of cancer such as those detailed above. Antibiotic use has been associated
with increased risk of colonic adenoma and CRC via alteration of gut microbiome. [22, 23]
CRC progression is mediated by complex interaction between the gut microbiome,

inflammation, host genetics and other environmental factors. [24]
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1.4 Hereditary CRC

Hereditary CRC can be divided as non-polyposis syndromes which include Lynch
syndrome and familial colorectal cancer, and polyposis syndromes. Lynch syndrome is a
result of dysfunctional DNA mismatch repair system characterised by expansion or
contraction of microsatellite regions in tumour tissue also referred to as microsatellite
instability (MSI). These tumours also show a deficiency in mismatch repair proteins on
immunohistochemistry. Therefore patients with Lynch syndrome are recommend to
undergo colonoscopy every 1-2 years from the age of 20-25 years old due to the
accelerated adenoma carcinoma pathway. [7] Polyposis syndromes include three hereditary
syndromes (Familial Adenomatous Polyposis (FAP); Attenuated Familial Adenomatous
Polyposis (AFAP); MUTYH associated polyposis (MAP)) where germline mutations result
in colorectal carcinogenesis manifested by early onset multiple colorectal adenomas,
risking earlier development of CRC. FAP caused by germline mutations of the APC gene,
is defined by the presence of >100 synchronous colorectal adenomas and is inherited in an
autosomal dominant manner. AFAP is caused by APC mutations at the far proximal or
distal end of the gene, or in certain locations giving an attenuated phenotype with <100
adenomas at presentation, also inherited in an autosomal dominant pattern. MAP has
mutated MUTYH involved in DNA oxidative damage repair in multiple genes including
APC and KRAS. Polyp and carcinogenesis occurs with germline MUTYH mutations and
most commonly found in patients presenting with 20-99 adenomas. [25] In FAP 1-3 yearly
colonoscopy from the age of 12-14 is recommended and in MAP annual colonoscopy from
18-20 is recommended under UK guidelines. [26] Risk factors in colorectal cancer are

summarised below in figure 1.1
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Figure 1.1 Modifiable and non-modifiable risk factors for colorectal cancer. Dekker et al

[7]
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Patients can present with CRCs with a variety of symptoms and signs, most commonly

occult or overt rectal bleeding, changing bowel habit, anaemia or abdominal pain. CRCs

are predominantly asymptomatic until advanced disease. As rectal bleeding can present in

benign disease, other red flag symptoms described above can be used to identify which

patients require colonoscopy. New onset rectal bleeding in patients aged 45 years or older

should undergo a colonoscopy. Other red flag symptoms such as weight loss, family

history, changes in bowel habit and blood mixed with stool can be helped to identify CRCs

in younger patients. [7, 27]

Colonoscopy is the gold standard investigation in the investigation of CRC allowing for

lesion visualisation and biopsy. Whilst advanced disease is straight forward, early CRCs
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may appear as subtle mucosal lesions, emphasising the importance of good bowel
preparation and careful mucosal evaluation. [7] The quality assurance indicator of
colonoscopy is further detailed under screening. CT colonography can be used to complete
colonic evaluation if colonoscopy is incomplete due to the risk of synchronous colon
cancer which can range from 1.1-8.1%. [28] MRI is used for the local staging of rectal
cancer and CT scanning for regional staging and to assess the presence of metastatic
disease. PET-CT scanning has a role in quantifying the extent of disease particularly if

there is dubiety in the presence of metastatic disease. [29] [30, 31]

The evolution of MRI to locally stage rectal cancer has helped to gain local control of
disease and reduce the risk of recurrence. The Dutch TME trial demonstrated the low and
high risk groups of patients. Low risk patients with superficial tumour can be treated
surgically but surgery only for higher risk patients with more advanced tumours which are
close to or involving the mesorectal fascia (MRF) which is the circumferential margin of
the total mesorectal excision (TME) or involving other pelvic organs will result in
incomplete resections and increased rates of local recurrence. [32] MRI is therefore
ingrained into international guidelines for the work up of patients with rectal cancer. [29,
33] The MERCURY study group assessing the accuracy of MRF clearance found 92%
specificity in margin clearance at the time of surgery. [34] When comparing endoscopic
ultrasound (EUS), CT and MRI for T stage sensitivity was 100%, 75% and 72.3%
respectively, and N stage sensitivity was 72.2%, 88% and 76.4% respectively. [35] Nodal
staging can be difficult on MRI with nodes >9mm having a 93% malignancy risk
compared to 50% in nodes 2-5m in size. Irregular border, heterogenous texture and round
shape are more in predictive of malignancy than size alone which are considered in
international guidelines. The role of EUS is largely to differentiate between T1 and T2

rectal cancers. [29]
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Post chemoradiotherapy (CRT) restaging occurs 8-10 weeks following completion of CRT
and is recommended. [29] Restaging can show tumour regression from previously involved
surrounding organs, MRF margin and is helpful in the assessment of patients who have a
(near) complete response who can be managed with organ preservation (watch and wait
strategy). MRI has a pooled sensitivity of 40.3% for ypT staging and 19.1% for ypTO
stage (pathological complete response (pCR)), but diffusion weighted imaging (DWTI)
increases pooled sensitivity of pCR to 83.6%. [36] Endoscopy and digital rectal
examination is more accurate at identifying compete tumour response compared to DWI
and MRI (area under the curve [AUC] 0.88 vs 0.79). AUC is highest at 0.91 when all four
assessment modalities are used, and the recommendation of the International Watch and
Wait Database consortium. [37] MRI was more accurate in restaging lymph nodes than at
pre-CRT with the absence of mesorectal and extramesorectal nodes being highly predictive

of clinical nodal response and lateral node response. [38] [39]

1.6 Screening

The rationale behind colorectal cancer screening is to identify pre-cancerous or pre-clinical
lesions in healthy individuals allowing for timely treatment. Screening aims to detect the
majority (90%) of CRCs which occur sporadically. [16] Screening and more effective
treatment strategies have improved CRC survival in Western nations. [40, 41] Screening
aims to interrupt the adenoma carcinoma sequence and treat adenomas occurring via the de
novo and serrated pathways. Institution of population based screening using annual faecal
occult blood testing has shown to reduce mortality and increase 5 year survival. [42]Latest
guidelines recommend testing medium risk individuals over the age of 50. Screening

methods include faecal, endoscopic, radiological and blood testing. [41]

26



Guaiac Faecal occult blood tests (FOBT) identify the presence of haemoglobin in faeces
through peroxidase interaction between haem and Guaiac. Due to the requirement of
having to repeat the tests on three separate day, dietary constraints and bleeding not being
distinguishable between the upper and lower GI tract, this has been superseded by faecal
immunochemical testing (FIT). FIT testing is not dependent on dietary restrictions,
requires fewer samples and identifies lower GI bleeding. FIT also has a greater sensitivity
that FOBT in identifying precancerous lesions and CRC. [41, 43, 44] FIT provides
quantitative measurements but an optimal cut off has not been identified. The ideal cut off
is largely based on endoscopic capacity, incidence and prevalence of CRC, and expected
adherence to the screening program. Quantitative FIT testing has thus become part of the
CRC screening program in the European, American, Western Pacific and East Asian
counties. [45] In the UK, FIT testing is the method of CRC screening in individuals aged
54-74 years old in England and 50-74 in Scotland and Wales. The use of faeccal DNA
detection kits which combines qualitative colorectal neoplasia associated DNA markers
with occult haemoglobin biomarkers associated with CRC. Faecal DNA testing has not
taken off due to being less cost-effective than annual FIT testing and in some countries

more expensive than colonoscopy. [41]

Flexible sigmoidoscopy (FS) is used as a screening tool for CRC (but not in the UK or
North America). It allows limited bowel preparation, quicker examination, lower
complications, minimal discomfort, biopsies, polyp retrieval and is cheaper. As it only
checks the distal 60cm of colon and rectum, it does not prevent proximal CRC. FS can
reduce CRC incidence by 32% and mortality by 50%. [46] Colonoscopy is the only test

capable of visualising all the colon and being able to remove precancerous lesions. It has
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been shown to reduce CRC specific mortality by 80% in the distal colon and 60% in the
proximal colon. It can be used as a screening test primarily or following on from positive
FIT testing. [41] The effectiveness of colonoscopy is dependent on accurate detection and
removal of colonic polyps. Quality control measures for this include: >25% adenoma
detection rate; >95% caecal intubation rate; >6minute withdrawal time; and good quality
bowel preparation. [47] Capsule endoscopy, whilst having fewer procedural and sedation

related complications, has poorer sensitivity and specificity compared to colonoscopy. [41]

Computed tomographic colonography (CTC) is a newer screening test with reduced
sedation and procedure related risks than colonoscopy, therefore a suitable alternative to
those who cannot undergo a colonoscopy. It identifies 90% of polyps >10mm and 70-80%
of polyps between 6-9mm. It has a similar diagnostic yield for advanced neoplasia to
colonoscopy indicating safe use in population based screening. [48] Disadvantages
include: radiation dose (especially if having to be repeated); requirement for bowel
preparation; not detecting smaller polyps; flat adenomas; serrated adenomas (with greater
malignant potential); requirement for colonoscopy if positive; and a higher overall cost.

[41]

1.7 Carcinogenesis Pathway

CRCs occur predominantly through two district molecular pathways summarised in figure
1.2 Approximately 70% occur through better understood chromosomal instability
pathways (adenoma carcinoma sequence). Over the last two decades the “serrated
neoplasia pathways” responsible for approximately 30% of CRCs is being better
understood with improved endoscopic and pathological assessment of serrated polyps and

cancers. [49]
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The multistep carcinoma sequence described by Fearon and Vogelstein starts with APC
inactivation, followed by KRAS mutations in adenoma stage. Deletion of chromosome 18q
and inactivation of tumour suppressor gene TP53 on chromosome 17p occur during the
transition to malignancy. [50] [51] [52] [53] Allelic loss at chromosomal regions results in
mutations of tumour suppressor genes: APC on chromosome 5q; TP53 on chromosome
17q; DCC netrin 1 receptor (DCC); SMAD family (SMAD 2 and SMAD 4) on
chromosome 18q. Gains in chromosomes 7 and chromosomal arms 1q, 8q, 12q, 13q and
20q have oncogene potential, favouring growth and survival. [54] These changes which
result in gain or loss of function of tumour associated genes allows mutated cells to have
growth and survival advantages which results in the progression of normal cells to cancer

cells. [55]

Microsatellite instability (MSI) pathway includes 2 subtypes. These are germline mutations
in the MMR gene followed by a second hit to the wild type gene copy from point mutation,
loss of heterozygosity, or methylation. These germline mutations lead to Lynch syndrome
which form 20% of MSI CRCs. The remainder are non-familial MSI CRCs are from
epigenetic inactivation of the MLH 1 gene which occur on a background of CIMP resulting
in hypermethylation of promoter genes showing CIMP and BRAFV600E hotspot

mutations. [56]

The serrated neoplasia pathway which makes 10-20% of CRCs includes the traditional
serrated and sessile serrated pathways. The process starts with mutation of BRAF or KRAS
gens but progress by methylation of tumour suppressor genes CpG island methylator

phenotype (CIMP). This can result in microsatellite stable and unstable tumours. [7] [57]
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Figurel.2 shows the stepwise adenoma carcinoma sequence. Taken from Nguyen et al [58]
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The molecular profiles described by Jass are useful in characterising these pathways. The

main differentiators being DNA microsatellite instability (MSI) stratified as: MSI-High

(MSI-H); MSI low (MSI-L); MS Stable (MSS) and cpG island methylator phenotype

(CIMP) stratified as: CIMP-high; CIMP-low; and CIMP-negative (CIMP-neg). Thus, five

molecular subtypes have been described:

Type 1 (CIMP-high / MSI-H/ BRAF mutation)

Type 2 (CIMP-high/ MSI-L or MSS/ BRAF mutation)

Type 3 (CIMP-low/ MSI-L or MSS/ KRAS mutation)

Type 4 (CIMP-neg/ MSS)
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Type 5 (CIMP-neg/ MSI-H) or Lynch Syndrome

Type 1 and 2 CRC have serrated polyps as the precursor lesions. Type 4 and 5 CRCs are
from polyps following the adenoma carcinoma pathway. Type 3 CRCs can occur via either
type of polyp / pathway. [59]. Sessile serrated adenomas (SSA) typically occur proximally,
have a characteristic crypt disturbance and have BRAF mutation. SSAs have an increased
risk of progression through their genetic abnormalities. Traditional serrated adenomas
favour the left colon with tubulovillous architecture, eosinophilic cytoplasm and often have

KRAS mutation. [49]

Adenomas occur because of alteration of normal mechanisms which regulate DNA repair
and cell proliferation. Intestinal mucosa undergoes constant epithelial cell renewal due to
the loss of mucosal surface cells. Cell proliferation occurs at the crypt base. Adenomas
form as cells with mutations advance to the lumen by terminal differentiation and apoptotic
disruption. These adenomatous polyps can grow, become more dysplastic in nature and can
become invasive. Mutations typically occur the adenomatous polyposis coli (APC) gene
followed by RAS inactivation or functional loss of TP53 responsible for tumour
suppression, or BRAF oncogenes give rise to traditional adenomas and serrated adenomas

respectively. [7, 60]

1.9 Consensus molecular subtypes

The Colorectal Cancer Subtyping Consortium described the four Consensus Molecular
Subtypes (CMS) based on the analysis of 4000 Stage II and III CRCs and summarised
below in figure 1.3. CMS 1 subtype tumours are MSI, immune active, hypermutated,
BRAF mutated and predominantly affect the proximal colon. CMS 2 subtype tumours are

microsatellite stable, have high CIN, strong WNT/MYC pathway activation, EGFR
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amplification or expression, have mutated TP53 and predominantly affect the distal colon

and rectum. CMS 3 subtype tumours have low CIN, moderate WNT/MYC pathway

activation, mutated KRAS, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic

subunit alpha gene (PIK3CA), and insulin-like growth factor binding protein 2 (IGFBP2)

overexpression. CMS 4 subtype are mesenchymal type CIN / MSI heterogenous tumours

with transforming growth factor beta (TGF-f) activation and have neurogenic locus notch

homolog protein 3 (NOTCH3) and vascular endothelial growth factor receptor 2

(VEGFR2) overexpression. CMS 3 and CMS 4 subtypes do not have anatomical

preponderance. Survival is highest in CMS 2 and poorest in CMS 4, with intermediate

survival in CMS 1 and CMS 2 tumours. [61] [62]

Figure 1.3 Characteristics of each SMC subtype taken from Guinney et al. (%), percentage

of samples. [61]
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1.10 Right and left sided disease

Colorectal cancers differ according to location in their embryological, molecular,
biological and prognostic features. Colorectal cancers are split into right and left sided

cancers summarised below in Figure 1.4.

Figure 1.4 showing the differences between right and left sided colon, and rectal cancers
taken from Dekker et al. * Prognosis being applies to metastatic disease and response to
anti-EGFR and anti-VEGF therapies. Right sided cancers have a higher incidence of MSI
high cancers. Previously this had been associated with poorer prognosis with metastatic

disease but immunotherapy has provided new treatment avenues [7]
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The incidence of mucinous and signet cell tumours is higher in the proximal colon
compared to the distal colon or rectum (approximately 45% vs 20%).[63]. Patients with
FAP develop distal colon cancers (approximately 60% left sided and 25% rectal) as
opposed to patients with HNPCC who develop predominantly proximal tumours
(approximately 55% right sided and 15% rectal). [64] [65]. The three main types of
epigenetic instability in colorectal cancers are CIN, MSI and CIMP. Sporadic CIN tumours
can occur anywhere in the large bowel from adenomas. KRAS oncogene mutations in CIN

tumours causes resistance to anti-EGFR therapy. [66] [67] [68] Sporadic MSI tumours
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mostly occur in the proximal colon, are often mucinous and rarely occur in the rectum.
These tumours with BRAF oncogenes cause MLH1 hypermethylation resulting in anti-
EGFR therapy resistance. [69] [70] Sporadic CIMP tumours occur within sporadic sessile
serrated adenocarcinomas of the proximal colon having MHH 1 hypermethylation and in
traditional serrated adenocarcinomas of the distal colon and rectum having MGMT
methylation . [65] In a study of over 1400 patients with stage I-IV colorectal cancer the
incidence of MSI high, BRAF mutations and CIMP high tumours decreased in proximal
colon to the rectum. [71] The Pan European Trial Adjuvant Colon Cancer 3 study found
during molecular analysis that proximal tumours were more often MSI, hypermutated,
BRAF mutated, had a serrated signature and has dense infiltration of tumour related
lymphocytes. Distal tumours were CIN, HER land 2 amplified, had EGFR signalling and

were not BRAF like. [72]

1.11 Management

The investigation and management of rectal cancer is by a multidisciplinary team (MDT)
consisting of surgeons, oncologists, radiologists, pathologists and allied health
professionals guiding patients through their treatment journey whilst maintaining the
highest oncological standards. MDT presentations (or tumour boards) of imaging, evidence
based oncology, surgical recommendations and pathological assessment of surgical
specimens are paramount in providing high quality cancer care. Surgical management
should be guided by patient and tumour factors whilst trying to main function and survival
by means of minimising recurrence. Clinical assessment of rectal cancers by colorectal
surgeons are key to understanding tumour location, mobility, proximity to anal sphincter
and pelvic floor assessment. This will help guide management between formal TME

resection, local excision or in organ preservation in some patients. [73]
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Early rectal cancers (T1) are amenable to local treatment by transanal endoscopic surgery
but will not have a lymphadenectomy. Recommendations are that this is only used for
clinical selected T1 disease. [74] Resection specimens need pathological assessment for
deep and lateral margins, as well as high risk features such as: depth of submucosal
invasion; differentiation; lymphatic invasion; and tumour budding which may prompt
recommendation for radical resection. [7, 75-77] Local excision has been used in T2NO
cancers (ACOSOG Z6041 trial) [78]. GRECCAR 2 trial compared local excision with
TME resection in patients who have had a good response to CRT with small residual
tumours (<2cm) showed no differences in oncological outcomes. {Rullier, 2020 #3269}
This does provide an option for patient unwilling or unable to undergo TME resection. The
STAR-TREC trial aims to investigate cancers up T3b comparing: standard of care (TME);
organ preservation followed by short course radiotherapy; or organ preservation followed
by long course chemoradiotherapy. [79] Management of rectal cancer is summarised in

figure 1.5.
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Figure 1.5 Schematic summary of the management of rectal cancer from American and

European guidelines, taken from Hortvat et al [80]
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Surgical resection for rectal cancer can be challenging due to surgical access to the pelvis
and pelvic anatomy. The aim of surgical resection is to remove the rectum with
surrounding mesorectum as to obtain an RO resection with micro and macroscopic
resection margins. [7] Total mesorectal excision is the gold standard oncological resection
along embryological fascial planes, which includes lymphatics, to minimise local
recurrence as described by Heald. [81] Tumour proximity and involvement of the anal
sphincter which can affect continence may necessitate an abdominoperineal resection. If
this is not the case a colorectal or coloanal anastomosis can be performed which may
require a defunctioing stoma to reduce the morbidity associated with an anastomotic leak.
[7, 82]. Surgery can be performed by open, laparoscopic, hand assisted, robotic and
transanal approaches. Laparoscopic surgery for rectal cancer has been shown to have post

operative benefit and has longer term outcomes similar to open surgery with low rates of

36



conversion. [83, 84] Robotic assisted surgery has also been shown to have similar

oncological outcomes to laparoscopic surgery. [85]

1.12 Neoadjuvant therapy

Despite surgery alone being adequate for early stage cancers, locally advanced rectal
cancer (LARC) carried local recurrences of up to 16% in stage Il and 29% in stage 111
disease historically. [86] Local recurrence can be reduced to approximately 5% with
neoadjuvant therapy, and is therefore recommended following MRI staging. [87] [74] [88]
Neoadjuvant therapy for LARC results in varying grades of tumour regression in 65%,
pCR in 14% and no tumour regression in 20% of patients. [89] [90] [91] Overall survival
in complete responders can vary between 73% and 90% but mortality can be as much as

30% from distant disease in those who have a poor response. [92] [93, 94]

The two forms of neoadjuvant radiotherapy are: short course radiotherapy (SCRT) giving
25@Gy in 5 fractions; and long course chemoradiotherapy (LCRT) giving 45-50.4Gy in 25-
38 fractions with concurrent fluoropyrimidine or oxaliplatin chemotherapy as
radiosensitisers. Fluoropyrimidine like 5-FU or capecitabine prevents nucleoside
formation, and oxaliplatin works by forming DNA-platinum adducts, essential for tumour

division. [74] [88]. [95]
The landmark trials in neoadjuvant management of LARC are detailed in table 1.1.

The Swedish Rectal study demonstrated neoadjuvant SCRT followed by surgery has
reduced rates of local recurrence and improved DFS/OS.[96] [97] The Dutch TME trial
validated improved local control but found no difference in OS/DFS. [32] SCRT has
traditionally be followed by surgery the following week which inferior downstaging
outcomes compared LCRT but similar local disease control as per the Polish and Tans-

Tasman studies. [89] [98] The AC-10-94 trial showed neoadjuvant LCRT was more
37



effective for local control than adjuvant LCRT but there was no difference in OS. [99] Pre-
Op SCRT was shown to have improved local control compared to selective post-op LCRT
in cases of R1 resection. [100] NSABPR-04 also showed improved DFS / OS with pre-op
LCRT compared to post-op LCRT. [101] Delay between LCRT and surgery showed
surgery at 6 weeks allowed for greater tumour downstaging and increased likelihood for

sphincter preservation up to 6 years. [101]

European Society of Medical Oncology (ESMO) guidelines for rectal cancer advise the use
of short course RT or long course CRT in early disease as an alternative to surgery or with
a view to achieve complete response and enter Watch and Wait protocol. Intermediate
disease can be treated with TME resection or have neoadjuvant treatment should there be
risk that good quality mesorectal excision cannot be achieved. For locally advanced
disease the recommendation is neoadjuvant therapy with short course RT or CRT prior to
reassessment / surgery. CRT or short course RT with FOLFOX and delay is recommended
for advanced disease. In summary there is no clear T or N substage which would indicate
SC RT or CRT but if CRM or RO resection is threatened the recommendation is CRT.
Neoadjuvant chemotherapy alone is not recommended for the treatment of localised non-
metastatic disease out with clinical trials due to the lack of long term oncological data for

advanced disease. [102] This is summarised in the figure 1.6 below.
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Figure 1.6 Detailing treatment recommendation from ESMO guidelines 2017 Glynne-

Jones et al. cCR, clinical complete response; CRT, chemoradiotherapy; EMVI, extramural

vascular invasion; FOLFOX, leucovorin/fluorouracil/oxaliplatin; MRF, mesorectal fascia;

MRI, magnetic resonance imaging; RT, radiotherapy; SCPRT, short-course preoperative

radiotherapy; TEM, transanal endoscopic microsurgery; TME, total mesorectal excision
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In the UK, National Institute of Clinical Excellence (NICE) does not recommend

radiotherapy in early rectal cancer outwit clinic trials. [88] American guidelines advise that

neoadjuvant therapy should be given to patients with clinical stage II and stage III disease

and that this is tailored to the individual patient’s risk following MDT discussion. [103]

Whist the ESMO and NICE guidelines do not comment on induction or consolidative

chemotherapy prior to or following CRT and before resection, this Total Neoadjuvant

Therapy (TNT) approach is an acceptable approach as per the National Comprehensive

Cancer Network (NCCN) guidelines from the USA. [104] Two systematic reviews have

shown TNT increasing the rate of pCR and improve disease free survival, with one of these

also improving overall survival and risk of distant metastasis.




[105, 106] Induction chemotherapy has been shown to be better tolerated with lower acute
toxicity and improved compliance over adjuvant chemotherapy in the Spanish GCR-3
study. [107] The CAO / ARO / AIO-12 trial has shown consolidation chemotherapy is
associated with higher rates of pCR and with no differences found in disease free or
locoregional survival. [108] At present there is no consensus over the superiority of
induction vs consolidation chemotherapy and the subject of ongoing trials. In the UK

practice is shifting to a TNT approach for locally advanced and advanced rectal cancer.

1.13 Immunotherapy

Immunotherapy targeting immune checkpoints has proven effective in various tumour types
including melanoma, where antibodies to T-cell inhibitory molecules enhance effector T cell
function and improves progression free survival (PFS) and overall survival (OS) [109, 110].
T-cell regulatory receptor Programmed Cell Death — 1 (PD-1) and its ligand (PD-L1) are
expressed in most cancers [111] where together they dampen anti-tumour T-cell responses.
Tumours thought to be responsive to immune checkpoint inhibition include those with high
mutational load and neoantigen burden [112], or evidence of an immune active tumour
microenvironment (CD3/CD8+ infiltrates) [113, 114]. PD-1/PD-L1 expression and presence
of T cells within the TME are considered useful indicators anti PD-1 therapy may be

effective [113, 114].

Out with the mismatch repair deficient (IMMR) subtype, most CRCs lack presence of T
cells and PD1/ PD-L1 expression within the TME, limiting use of anti-PD-1 therapy [114-
116] [117]. PD-1 is poorly expressed in CRC (13%) compared with melanomas (53%)
[118]. In dJMMR CRC, phase II studies have already reported improved PFS and OS with
anti-PD-1 therapy [119, 120]. Defining responsiveness to immunotherapy in CRC is

therefore linked to molecular subtype and potentially, measures of tumour immunogenicity.
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dMMR tumours make up 25%, 12% and 4 % of stage II, III and IV CRCs respectively and
the minority of rectal cancers (10%) [121]. Consequently, anti-PD-1 therapy applies to a tiny
subset of all CRCs. Strategies to enhance immunogenicity in dIMMR CRC may broaden use
of immunotherapy in early and late stage disease. Theoretically, radiotherapy (RT) and
cytotoxic chemotherapy (CT) induce cellular damage [122] resulting in tumour antigen
exposure and potential generation of T cell responses. Such treatments may synergize with
immunotherapies, to enhance response in the neoadjuvant setting with potential optimization

of local and systemic control.

Immunotherapy in addition to neoadjuvant therapy shows significant promise in enhancing
anti-tumour immune mechanisms. Immune checkpoint inhibitors (ICIs) which block
negative regulators of the immune system such as cytotoxic T lymphocyte associated
protein 4 (CTLA-4), programmed cell death-1 (PD-1), and programmed cell death-ligand 1
(PD-L1) have been effective in the treatment of solid cancers. [110, 123, 124] The NICHE
study of early colon cancers with ipilimumab (Anti-CLTA-4) and nivolumab (Anti-PD-L1)
showed pathological response in all patients with AIMMR and 27% of pMMR tumours in
early colon cancer. In pMMR tumours, CD8+PD-1T cell infiltration was predictive of
response. [125] The likelihood of MSI high cancers is higher colon in the colon than
rectum and that MMR status predicts the likelihood of response to immune checkpoint
inhibition. [119] Anti-PD-1 antibody in combination with radiation of melanoma and
breast carcinoma xenografts increased the proportion of tumour antigen complexes, major
histocompatibility complex molecules, enhanced lymph node cross-presentation, and
increased T cell tumour infiltration during in vivo studies. [126] The aim of immune
therapies in MSS tumours is to overcome an immune cold tumour microenvironment.
There are several ongoing studies assessing the combinations of CRT and ICIs In LARC

(VOLTAGE; NRG-GI0002; AVANA; AVERECTAL). [127]
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Table 1.1 Summary of the major trials for neoadjuvant therapy for rectal cancer.

NSABP RO112 1988 Post op RT 46/47Gy vs TME only vs adjuvant | RT reduced local recurrence compared to TME alone.
chemotherapy — 5-FU; semustine; vincristine Chemotherapy improved DFS and OS compared to TME alone.

NCCTG 1991 Adjuvant RT 45-50.4Gy vs adjuvant RT with Chemotherapy reduced recurrence, distant metastases, cancer
FU and semustine specific and overall death

Swedish Rectal 1996 Pre-op SCRT 25Gy vs TME SCRT reduced local recurrence; improved OS & DFS

Trial

Dutch TME trial 2001 SCRT & TME vs TME SCRT gives better local control but no difference in OS or DFS

A10-94 Trial 2004 Pre-op vs Post Op LCRT Pre-op LCRT gives better 5 year local control persisting till 10

years but no difference in OS

FFCD9203 2006 SCRT vs LCRT LCRT gives better local control but no difference in OS

EOTRC

Polish Trial 2006 SCRT & TME within 7 days vs LCRT & TME | No significant difference in local control / OS
with delay

NSABP R-03 2009 Pre-op vs post-op LCRT Pre-op LCRT improved DFS and trended to improve OS

MRC C-07 & 2009 Pre-op SCRT vs post of LCRT in R1 resections | Pre-op SCRT reduced local recurrence

NCIC-CTG Co016

TROG-01.04 2012 SCRT vs LCRT No significant difference in local control / OS

NSABP R-04 2015 LCRT with 4 chemo options Capecitabine non-inferior to IV 5-FU. Oxaliplatin (CAPOX /

FOLFOX) adds toxicity without benefit
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Timing trial 2015 LCRT & TME 5-6 weeks vs LCRT & mFOLOFOX post LCRT and extending time interval increased
consolidation mFOLFOX-6 (if good response at | pCR
week 4) & TME 2-3 weeks after

Polish 2 Trial 2016 SCRT & FOLFOX & TME vs LCRT & 5-FU / | No significant difference in RO/pCR/OS/DFS
LV for cT3/cT4

Stockholm III 2017 SCRT with immediate TME vs SCRT with No difference in local control or metastases. SCRT with reduced
delayed TME vs LCRT & TME surgical complications vs no delay

AlO-12 trial 2019 Induction FOLFOX & LCRT, TME vs LCRT & | higher pCR, improved compliance, lower G3/G4 toxicity with
consolidation FOLFOX, TME (LCRT with consolidation chemotherapy
CAPOX)

OPRA 2020 Induction FOLFOX or CAPOX & LCRT vs Organ preservation 43% induction vs 58% consolidation
LCRT & consolidation FOLFOX or CAPOX vs
historic control

PRODIGE-23 2020 FOLFIRI & LCRT & TME & 3m adjuvant DFS and MFS better with arm B
chemo vs LCRT & delayed TME & 6m
adjuvant chemo cT3/4

RAPIDO 2020 SCRT & CAPOX & TMS vs LCRT & delayed | Reduced disease related treatment failure & distant metastases,

TME

improved pCR

43



1.14 Clinical complete response

Some patients can have significant tumour cell death from chemotherapy and radiotherapy
to the point they can have complete regression of the primary tumour called pathological
complete response (pCR). This has therefore raised the option of avoiding surgery in these
patients, which can be potentially unnecessary or harmful. Habr-Gama et al have led
assessment of tumour response following neoadjuvant therapy and before surgery to
identify patients who have no residual tumour, termed complete clinical response (cCR).
These patients were offered a watch and wait strategy with strict surveillance in order to
avoid surgery. [128] This group of patients were shown to have similar longer term
oncological outcomes compared to patients who underwent surgical resection and had a
95% colostomy free survival and good continence. [129, 130] This has been reproducible
across multiple dedicated centres and from data from the International Watch & Wait
Database. [131, 132] Patients with complete clinical response can develop local recurrence
in up to 25% of cases. This is mainly endoluminal recurrence and amenable to salvage
TME resection with no compromise to long term oncological outcomes despite having
delayed surgery. Patients who have a complete clinical response and are managed by watch
and wait pathway require significant patient compliance with follow up by serial digital
examination, endoscopic and MRI evaluation. As such this has yet to be become the

widely implemented strategy in managing these patients. [73]

1.15 Proposed watch and wait protocols

Standard CRT regimens had rates of pCR and cCR between 15-30% but CRT with
consolidation chemotherapy pCR and cCR rates increased to 30-50%. [133] [134] [135]
Habr-Gama et al describe a three pillared assessment of clinical response. First is by digital

rectal examination to assess subtle surface changes and ensure there is no ulceration,
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palpable mass or stenosis. Endoscopic assessment is the second pillar assessing for tumour
or scar appearance, use of advanced imaged such as narrowband imaging, and allowing
retroflexion to fully appreciate tumour location to dentate line. The scar is often white with
no ulceration of the rectal wall, mucosal abnormalities or stenosis. Whilst there maybe
telangiectasia, the presence of irregular areas of redness should be classed as suspicious.
The third pillar is radiological assessment of the rectum, mesorectum and pelvis. MRI
tumour regression grade (mrTRG) is a proposed classification of tumour response similar
to pathological tumour regression grade. T2 Diffusion weighted image sequences give
further functional information about tumour repones and can indicate the presence of

cancer. [128][136]

Assessment of response to CRT is very much time dependent with the majority of patients
exhibiting response early or immediately after completing CRT. Tumours with poor
response immediately following CRT or at 6 weeks are unlikely to develop further
significant response thereafter. [137] Due to the risk of tumour regrowth the early
assessment is required to ensure regrowth is not mistaken for near-complete ongoing
response. [138] Most cCR occurs by six months but if there is still incomplete response by
24-26 weeks following completion of CRT, surgical resection is preferred. [139, 140]
Local regrowth occurs in 25-30% patients managed nonoperatively with cCR and most
often occur within the first 2-3 years after completion of CRT. [141] The International
Watch and Wait Database (IWWD) suggest surveillance protocols have more intense

follow during these years to bear this in mind.

National Comprehensive Cancer Network (NCCN) guidelines for watch and wait
surveillance patients following cCR is similar to the OPRA study surveillance protocol.
This involves digital rectal examination, flexible sigmoidoscopy, and CEA every 4 months
for the first 2 years, followed by every 6 months from years 3 to 5. Patients should also

have an MRI every 6 months for the first 2 years followed by annual MRI from years 3 to
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5, annual thorax abdomen pelvis CT scans for 5 years, and colonoscopies at year 1 and 5.

[142, 143]

1.16 Markers of response

1.16.1 Pathological

Pathological response to neoadjuvant CRT (nCRT) can be quantified by tumour regression
grade (TRG) and widely used to compare across different study populations. Following
radiotherapy tissues develop characteristic necrosis and fibrosis, distinguishable from
tumour cells. Tumour regression of the primary tumour can be semi-quantitively
determined by the amount of viable tumour in relation to the amount of fibrosis present.
This can range from no viable remaining tumour to no evidence of treatment response.
[144] [145] [146] The most common TRGs (used to describe treatment response
summarised in table 1.2 are by Dworak, Wheeler, Mandard and Ryan. [147] [148] [149]

[150]

Table 1.2 Summary of the commonly used pathological tumour regression grades adapted

from Ryan et al [151]

Author Grade | Description
Dworak et al 0 No regression
1 Dominant tumour mass with obvious fibrous and/or
vasculopathy
2 Dominantly fibrous changes with few tumour cells or
groups
3 Very few tumour cells in fibrotic tissue with or without
mucous substance
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No tumour cells, only fibrotic mass. Total regression

Mandard et al

Complete regression, absence of residual cancer

Presence of rare residual cancer cells scattered through

fibrosis

Increased number of cancer cells but fibrosis still

predominates

Residual cancer outgrowing fibrosis

Absence of regressive change

Wheeler et al.

Sterilization or only microscopic foci of adenocarcinoma

remaining, with marked fibrosis

Marked fibrosis but macroscopic disease present

Little or no fibrosis, with abundant macroscopic disease

Ryan et al.

Complete regression or only the presence of rare cancer

cells

Increased number of cancer cells but fibrosis still

predominates

Absence of regressive change or residual cancer out

growing fibrosis
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1.16.2 MRI

MRI scanning is widely used in the pre-treatment rectal cancer staging and for the
quantification of post nCRT response. A limitation of MRI is differentiating between
residual tumour and fibrosis, desmoplastic reaction, oedema and inflammation. [151] Most
studies have radiologists comparing low and intermediate signal with fibrosis exhibiting
the former and tumour the latter. [152] The MERCURY group has published a tumour

regression grade based on markers of favourable response (detailed in table 1.3).

Table 1.3 Tumour regression grade following nCRT based on T2 weighted imaging by the

MERCURY group. [153]

Grade Description

1 Absence of any tumour signal

2 Predominance of fibrosis with minimal residual intermediate tumour signal
3 Mixed areas of low-signal fibrosis and intermediate signal intensity present

but without predominance of tumour signal

4 Predominantly tumour signal intensity with minimal fibrotic low signal
intensity
5 No fibrosis evident; tumour signal visible only

1.16.3 Carcinoembryonic antigen

Carcinoembryonic antigen (CEA) is a tumour marker in colorectal cancer and
recommended to be checked pre-operatively by the NCCN, American Society of Clinical
Oncology and European Group on Tumour Markers. Elevated CEA levels are associated
with metazoic or recurrent disease and used in addition to imaging investigations as part of
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post-operative surveillance. CEA will normalise in 70% of patients undergoing surgery by
6 weeks. Patients with an elevated pre-operative CEA had a 7.4% reduction in 3 year
recurrence free survival (RFS) and those with a persistently elevated CEA had a 14.9%
lower 3 year RFS. [154] Lower baseline CEA and smaller tumours have been associated
with pathological complete response to neoadjuvant chemoradiation, and higher baseline

CEA (>5ng/ml) has been associated with poor treatment response. [155, 156]

1.16.4 NAR score

The neoadjuvant rectal (NAR) score was developed shorter term surrogate endpoint for
disease free survival (DFS) and overall survival (OS) allowing for more rapid
determination of the success or failure of experimental interventions. Score calculation is
based on commonly collected clinicopathological data shown in figure 1.7. NAR score has
been validated in independent datasets and is a greater predictor of OS than pCR. George
et al stratified NAR score as low (<8), intermediate (8-16) and high (>16) with 5 year OS

values of 92%, 89% and 68% respectively. [157]

Figure 1.7 Formula for calculating NAR score taken from [157]. Pathological nodal stage

(pN); Pathological tumour stage (pT); Clinical nodal stage (cN); Clinical tumour stage (cT)

[5 pN — 3(cT — pT) + 12]°

R =
NA 9.61

49



1.17 Adjuvant chemotherapy

Adjuvant systemic chemotherapy improves survival in resected stage III and some stage II
cancers with negative prognostic markers such as higher risk T4, poorly differentiated
tumours. Landmark studies (details in Figure 1.8) including the MOSAIC study have
established oxaliplatin in addition to fluoropyrimidine (fluorouracil or capecitabine) as
standard of care. [158] [159] [160] [161] The QUASAR study demonstrated a mild (3.6%)
survival improvement with adjuvant with fluorouracil and folinic acid for patients with
Stage 2 disease. [162] The SCOT trial demonstrated 3 months of adjuvant therapy was
non-inferior to 6 months for disease free survival and had reduced treatment related
toxicity in higher risk stage 2 and stage 3 patients. [163] The IDEA collaboration of the
pooled analysis of 6 randomised controlled trials found only a 0.4% difference in 5 year
survival between 3 and 6 months of adjuvant chemotherapy, therefore this small gain has
to be balanced against significant treatment related toxicities higher in the 6 month group.
[164] A large metanalysis of patients with rectal cancers from 0-15c¢m from the anal verge
undergoing neoadjuvant chemoradiotherapy followed by complete resection did not
demonstrate improved overall survival, disease free survival or distant recurrences for
post-operative / adjuvant chemotherapy. Subgroup analysis of patient with cancers 10-
15cm from the anal verge had improved disease free survival and fewer case of distant

recurrences. [165]
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Figure 1.8 showing landmark advances in colorectal cancer chemotherapy , taken from
Gustaavson et al [166]. 5-FU = 5-Fluorouracil; FOLFIRI = Infusional 5-FU/LV

With Irinotecan; FOLFOX = 5-FU/LV With Oxaliplatin; LV = Leucovorin; mCRC =
Metastatic Colorectal Cancer; MOSAIC = Multicentre International Study of

Oxaliplatin/5-FU/Leucovorin in the Adjuvant Treatment of Colon Cancer.

FOLFOX and FOLFIRI: mCRC

5FU Potentation of Bolus 5-FULV vs 5-FU: Bevacizumab, catuximab,
(Heidelbarger) 5FU by LV (Wiman) mCRC (Pcon) and panitumumat
' L ' i L ' L ' i L '
1 t t t t 1 t t t t 1
1960 1865 1970 1975 1980 1985 1690 1965 2000 2005 2010
5-FULV: Capecitabine: mCRC
aguvant tharapy (Van Cutsem)
(Wolmark)
5-FU with levamisole FOLFOX: adjuvant therapy
aduvant therapy (MOSAIC, Andre)
(Moartel)
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1.18 Systemic Inflammatory Response

Tumour and host interaction is an important determinant of the progression of malignancy.
There is local inflammation within the tumour microenvironment as well as a systemic
response to the tumour. These responses are controlled by a complex interaction of
cytokines, chemokines, growth factors and matrix remodelling enzymes. [167, 168]
Systemic inflammation is an established marker of poorer survival across multiple tumour

types independent of tumour location, stage and treatment. [169]

In colorectal cancer the modified Glasgow Prognostic Score (mGPS), a scoring measure
for systemic inflammation, has shown to have prognostic value independent of tumour
stage, tumour pathology and comorbidities. It has also shown poorer survival and response
in patients undergoing chemo/radiotherapy in colorectal and gastroesophageal cancer. The
Glasgow Prognostic score takes into account C Reactive Protein (CRP), a sensitive marker
of systemic inflammation and albumin. Albumin was noted to fall with increased CRP
concentrations and thus a marker of systemic inflammation and lean tissue. The modified
Glasgow Prognostic Score reflects Hypoalbuminaemia without elevated CRP was not

common and isolated Hypoalbuminaemia did not contribute to poorer survival. [170]

Elevated mGPS has been associated with increased circulating total white cell counts,
increased neutrophil counts and decreased lymphocyte counts. It was not associated with

peritumoral infiltrate, which is associated with survival. [171]

Hypoalbuminaemia, elevated CRP, elevated NLR has been associated with poorer survival

in operable and advanced inoperable cancer [172] [172]

Systemic inflammation is also associated with changes to white cell count causing
neutrophilia and lymphopenia. A combination of these in the form of neutrophil-

lymphocyte ratio (NLR) has prognostic values in a variety of cancers. An elevated NLR is

52



a predictor or poorer overall survival in operative and non-operative patients in a variety of

cancers.[170, 173]

NLR is believed to the reflect the balance between the pro-tumour and anti-tumour
activities of immune cells. Neutrophils can induce a pro-tumour effect on the local micro-
environment, secreting cytokines, recruiting inflammatory cells promoting angiogenesis,
invasion, tumour growth and supressing the adaptive immune response by inhibiting
natural killer cells and activated T cells. Correlation between G-CSF immunoreactivity and
the neutrophil count is associated with poorer survival possibly due to increased myeloid-
derived suppressor cells. Cancer cells expressing g-CSF are less sensitive to radiation

therapy, a phenomenon not clearly understood.[174-178]

Lymphocytes are believed to have anti-tumour effect from improved survival in rectal
cancer patients who have a tumour CD4+ and CD8+ cell infiltration. Patients with high
lymphocyte counts have reduced rates of local and systemic recurrence. NLR being
elevated could be indicative of predominantly pro-tumour neutrophil effect or from a

predominantly weaker anti-tumour lymphocyte effect.

Pre-treatment NLR <5 has been shown to have improved overall and recurrence free
survival in colorectal cancer in a metanalysis by Tsai and colleagues. They also found
CEA <5 was associated with improved rates of complete response to neoadjuvant
chemoradiotherapy. [179] Watt and colleagues found a Neutrophil count of <7.5 was
significantly associated with improved cancer specific and overall survival, however the

same was not observed with NLR. [173]

Systemic inflammation in patients with cancer is mediated by circulating proinflammatory
cytokines and acute phase proteins. In colorectal cancer these include increased serum IL-
6, IL7, CXCLS8 (IL8), PDGFB levels and reduced serum CCL2 levels. The mechanism

behind this inflammatory response is complex, not clearly understood and from the
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interaction of neoplastic cells and the tumour microenvironment involving inflammatory

cells, fibroblasts, extracellular matrix and vasculature. [167]

Colorectal cancers are infiltrated by a various immune cell groups which make up the
Tumour Microenvironment (TME). These include:
e Proinflammatory cells: CD8+ Cytotoxic T cells; type 1 CD4" helper T cells (Th1
cells); NK cells; M1 macrophages
e Anti-inflammatory cells: regulatory T cells (Treg); type 2 helper T cells (Th2 cells);
M2 macrophages; myeloid derived suppressor cells (MDSCs).

e Combined pro- and anti-inflammatory effects: B lymphocytes; plasma cells;

neutrophils; eosinophils; mast cells

Immune cell infiltration of the tumour microenvironment as seen on haematoxylin and
eosin staining and antibody derived immunohistochemistry is widely accepted with

improved survival in CRC independent of tumour stage. [167]

The link between local and systemic inflammation is not clearly understood. The local
(Klintrup) and systemic (mGPS) inflammatory responses have been shown to be

independently associated with cancer specific survival in the same cohort. [171]

Despite immune cells previously described being associated cytokine, chemokine and
growth factor release, further studies have failed to show this, as well as inverse
correlations. [167] High intra-group correlations have been shown between tumour

infiltrating immune cells and cytokines but with weak inter-group correlations.

The role of systemic inflammation and radiation response is not well defined. Previous
studies have demonstrated a lower post CRT leucocyte count, and greater reduction in the
leucocytes following CRT in down-staged patients, however this did not reach significance

for specific tumour regression grades. Further investigation into subpopulations did not
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reveal any associations for neutrophil or lymphocyte counts. A lower post-CRT leukocyte
count was associated with improved disease free and overall survival. [180] Ishikawa et al
showed a rise in NLR from baseline to post-CRT with patients with the lowest baseline
NLR having the highest post CRT NLR. Patients with high NLR post CRT had pooper
pathological response than low NLR. [181] Braun et al found a high baseline NLR (>4.06)
was associated with poorer DFS on multivariate analysis. [182] Zhang et al found patients
with high NLR and low CD8 + T cell count had the poorest survival whilst the opposite
(low NLR and high CD8+ T cell count) had the longest survival indicating a link between
the local and systemic inflammatory responses. [183] Shen et al found baseline NLR>2.8

associated with poorer overall survival but not tumour response. [184]

Lymphopenia is commonly seen following radiotherapy in a variety of solid tumour types
and is associated with poorer progression free survival and disease free survival . [185].
35% of patients with rectal cancer undergoing CRT have grade III / IV lymphopenia at 2
months with lymphopenia persisting up to 12 months from treatment. [186] The total white
cell counts, and its subtypes fell during treatment and recovered afterwards. Higher
peripheral lymphocyte counts during neoadjuvant therapy have been associated with
improved treatment response hypothesising this could be a maker of the maintenance of
the host immunity during chemoradiotherapy. [187] Despite improved tumour response
from tumour infiltrating T cells, this has not shown to be directly correlate with circulating

lymphocyte counts.

60% of patients with colorectal cancer are iron deficient which can result in iron deficiency
anaemia (IDA). IDA is likely to result from chronic GI blood loss depleting iron stores

and impaired iron homeostasis from chronic inflammation. [188] [189]Iron deficiency can
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impair haematopoiesis which in turn effects production of erythrocytes, immune cells such
as T cells, macrophages, dendritic cells and natural killer cells (NKC) which in turn can
impair the development and function of the immune system. [189] [190]Iron has in integral
role in cell mediated immune response and cytokine activity which if impaired contributes
to tumour immune cell evasion. [191] This can be from impaired dendritic cell function
reducing activation of anti-tumour T cell response. [192] IDA also reduces the numbers of
circulating T cells and impairs their motility by the inhibition of protein kinase C. IDA also
result in oxidate stress which results in lymphocyte DNA damage causing defective T cell
populations impairing immunosurveillance. [193, 194]IDA can cause hypoxia which
downregulates NKC activation and NKA-derived granzyme B required for cancer cell
elimination. [195] IDA also results in reduced circulating levels of interleukin 2 (IL2)
which is critical for T cell differentiation and communication between T cells and NKCs.
[196] Interferon y (INF vy) release is impaired in IDA reducing Helper T cell activation of
NKCs. Lower circulating levels of INF y are associated with poorer survival from CRC.
[197] IDA has the potential for polarising tumour associated macrophages (TAMs)
decreasing M1 macrophage activity (pro-inflammatory and promote tumour regression)
and increasing M1 macrophage activity (promotes tumour growth via upregulation of
haemoxygenase-1 mediated iron generation and increased iron export to the tumour
microenvironment.[198]) [199] In vivo models of injecting iron loaded TAMs have been
able to repolarise TAMs to exert an antitumour effect. [200] [201]Iron deficiency impairs
by means of iron chelation can have immunosuppressive effects via impaired activation
and proliferation of regulatory T cell function within the TME resulting in uncontrolled

chronic inflammation. [202]
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1.19 Summary and Aims

To summarise neoadjuvant chemoradiotherapy (CRT) is widely accepted as a standard of
care in managing locally advanced or margin-threatening rectal cancer, based on
radiotherapy being known to downstage rectal tumours enhancing the chance of surgical
cure, reducing circumferential resection margin positivity and consequently improving
long term local disease control [203-206]. Despite the widespread application of
neoadjuvant chemoradiation, results in terms of treatment response remain variable. Only
a minority (10-20%) of patients will experience a complete pathological response and the
majority of patients experience a partial or even poor response. The increased use of total
neoadjuvant therapy has led to greater numbers of patients achieving a complete response

allowing for organ preservation strategies.

It is important to identify responders and non-responders to allow better allocation of
treatment and avoid excess toxicity where the treatment may be less effective. To date,
there are no robust or reliable clinical biomarkers of treatment response with treatment
allocation determined by clinical staging criteria on MRI. Various components of an
elevated systemic inflammatory response in addition to anaemia and lymphopenia have
previously been associated with poorer cancer outcomes and in some reports, a poorer
response to neoadjuvant chemoradiotherapy. Further work is required to determine the
influence of systemic inflammation on treatment response as well as whether changes in
inflammatory parameters during and after treatment relate to response. This research is
necessary to help in the search for biomarkers, but also to better understand how radiation
response evolves in relation to systemic immune and inflammatory parameters. Novel
insights into response evolution may aid the development of new strategies to augment or

improve radiotherapy response.
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The aims of this thesis are to:

1y

2)

3)

4)

5)

Better understand the relationship between pre and post systemic inflammatory
parameters and neoadjuvant chemoradiation treatment response in rectal cancer.
(Chapter 2)

Improve our understanding of how changes in systemic inflammation during and
after treatment impact treatment response to neoadjuvant chemoradiation in rectal
cancer (Chapter 2)

Understand the role of pre-treatment lymphopenia on response to neoadjuvant
chemoradiation in rectal cancer (Chapter 3)

Understand the role of pre-treatment anaemia on response to neoadjuvant
chemoradiation in rectal cancer

Design and implement a prospective study which incorporates serial sampling
during neoadjuvant therapy in rectal cancer to chart temporal changes in local and
systemic immune/ inflammatory profiles and these features impact on treatment

response.
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2 An investigation into the influence of the circulating markers
of systemic inflammatory response on response to neoadjuvant

chemoradiotherapy

2.1 Introduction

Neoadjuvant chemoradiotherapy (CRT) is widely accepted as a standard of care in
managing locally advanced or margin-threatening rectal cancer. The systemic
inflammatory repones (SIR) is a validated, stage independent predictor of long term
survival in in gastrointestinal cancers (Section 1.20 in Chapter 1 Introduction). Results
from previous modest sized cohort studies examining circulating C-Reactive protein (CRP)
and, the neutrophil lymphocyte ratio (NLR), have reported variable results, with
inconsistent definitions of normal values, inclusion criteria and staging. [169, 173, 207-

209].

When measured at baseline (prior to commencing neoadjuvant therapy), Carruthers et al
has previously reported NLR <5 is associated with improved disease free and overall
survival but did not report on associations between NLR and tumour response. [210] Kim
et al reported an elevated baseline (pre-treatment) NLR (>3), larger tumour size (3cm) and
higher CEA (>5) were associated with poorer neoadjuvant therapy response (ypTNM>1).

These factors were also associated with improved disease free and overall survival.

Other reports in the pre-operative setting (after neoadjuvant therapy) suggest an elevated
modified Glasgow Prognostic Score (mGPS) and NLR >5 has been associated with a
poorer pathological response. [211] [212]. Other circulating parameters including CEA,
platelet count, lymphocyte count, PLR and NLR are have also been reported to relate to

treatment response [213] [214]. Krauthamer et al reported Albumin >35 and NLR <5 was
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associated with pCR in patients with clinical stage III disease but not in stage II or all
patients. [215] Elevated levels of systemic inflammatory parameters including NLR and
PLR are associated with more advanced disease staging and therefore it is not clear
whether these circulating parameters reflect disease stage or whether there is a biological

link to radioresistance.

In recent years, response to neoadjuvant therapy has been measured using pathological
tumour response, and neoadjuvant rectal (NAR) score discussed in 1.16.4 of the
introduction. Good or complete pathological response has been shown to be a good
prognostic marker. [216, 217] The relationships between measures of the systemic
inflammatory response measured prior to and at the end of treatment with the NAR score
has not previously been determined. It would be important to perform such an assessment
in a large cohort of patients staged uniformly with MRI and who were treated with a

consistent neoadjuvant regimen.

The aim of this chapter is to comprehensively assess the relationship between biomarkers
of systemic inflammation at three time points (baseline, immediately following
administration of neoadjuvant therapy and preoperatively) and response to neoadjuvant
therapy. Specifically, the inter-relationships between clinical staging, the systemic
inflammatory response and treatment response using modern assessment criteria including
NAR will be assessed. The literature thus far has mainly concentrated on markers of SIR at
specific time points. In addition, the relationship between temporal changes in markers of
systemic inflammation and how these relate to clinicopathological factors and treatment
response to neoadjuvant chemoradiotherapy was investigated. We hypothesis that systemic
inflammation and increasing inflammation during neoadjuvant therapy will be associated

with poorer response to nCRT.
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2.2 Methods

Two prospectively collected databases were combined and used to identify the population
of interest for the present study. First, a prospectively collected and maintained database
of all patients with colorectal cancer treated at Glasgow Royal Infirmary from 2008 and
2014 and secondly, a database of all patients who received radiotherapy for rectal cancer at
the West of Scotland Beatson Cancer Centre between 2014-2016. The latter was a list of
Community Health Index numbers. For the creation of this combined dataset, I collected
blood results and comprehensive clinico-pathological data for these patients from
electronic patient records. Patients receiving neoadjuvant long course chemoradiotherapy
(CRT) for non-metastatic disease followed by potentially curative resection for rectal
cancer from were identified from these databases. Caldicott guardian and West of
Scotland Research Ethics Committee approval was sought to enable data collection on

clinical and pathological staging and treatment received for the present study.

During this period, common indications for neoadjuvant CRT were clinical circumferential
resection margin threat on MRI, nodal disease or low rectal cancers which would result in
an abdominoperineal resection. All patients were staged using pre-treatment computed
tomography and treatment decisions made at a multidisciplinary team meeting.
Specifically, patients with non-metastatic rectal cancer, with fitness and disease
characteristics deemed appropriate for a curative treatment plan were selected. Patients
who were unsuitable for a curative resection, those with metastatic disease, unsuitable for
long course CRT, had previous surgery for rectal cancer, a complete clinical response
following neoadjuvant therapy or chronic inflammatory conditions (such as inflammatory

bowel disease or chronic polyarthritis) were excluded.

All patients had biopsy proven rectal adenocarcinoma underwent pre-treatment staging
with CT and rectal MRI. At completion of neoadjuvant therapy, all patients underwent

repeat CT staging and most (70%) of patients underwent repeat rectal MRI. Clinical
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tumour characteristics were based on pre-treatment MRI. Radiological response and
downstaging on post-CRT MRI compared to pre-CRT MRI was determined by colorectal
radiologists based on MRI tumour regression grade (mrTRG) detailed in section 1.18.2 of
the introduction, mrTRG grade 1 or 2 was deemed a good response, mrTRG grade 3 was

deemed an incomplete response and mrTRG grade 5 or 6 was deemed a poor response.

The neoadjuvant treatment regimen was decided by the treating clinical oncologist.
Radiotherapy dose was usually 45Gy in 25 fractions over 5 weeks with 3 patients receiving
a boost to regional nodes (range 32-54Gy). Concomitant chemotherapy was oral
capecitabine, intravenous 5-Flurourcail or capecitabine. Combining this with irinotecan or

oxaliplatin was undertaken in 3 study patients, detailed later.

Measures of systemic inflammatory parameters were obtained from routine standard of
care blood tests. Blood tests taken in the 1-3 weeks before commencing CRT were defined
as baseline bloods. Blood tests taken from the last week of radiotherapy to 4 weeks after
completing CRT were defined as post-treatment bloods. Blood tests taken 12-20 weeks
after commencing CRT and within 2 weeks of surgery were defined as pre-operative
bloods. Blood investigations included full blood count incorporating a differential white
cell count, routine biochemistry, C-reactive protein and carcinoembryonic antigen. All lab
results were grouped according to standard thresholds. Changes in values were calculated
from baseline to following CRT and from baseline to pre-op. Static was defined as an
increase or decrease of less than 1 standard deviation (sd). Decrease was defined as a
decrease of greater than 1 sd. Increase was defined as an increase of greater than 1 sd.
Neutrophil to Lymphocyte ratio was obtained from the differential blood count by dividing
the circulating neutrophil count by circulating lymphocyte count. Modified Glasgow
prognostic score (MGPS) was constructed using methods previously described within the

introduction section 1.20. [218]
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To further study broader changes in NLR, CRP, CEA and mGPS, they were dichotomised
into low (normal) and high (elevated) as per widely accepted cutoffs. In an attempt to study

trends between time points 2 further groups were created:

1) No inflammation as baseline: Those at baseline who were not inflamed and
developed inflammation, which includes serum markers remaining low or
increasing from low to high (Low Low or Low High) between time points.

2) Inflammation at baseline: Those at baseline who were but became less / non-
inflamed, which includes serum markers remain high or decreasing from high to

low (High High or High Low) between time points.

Electronic operative records were reviewed, and details of operative approach and post
operative outcomes were collected. Patients who underwent a laparoscopic to open

procedure were defined as laparoscopic assisted.

Pathological tumour response from chemoradiotherapy was defined as per the Royal
College of Pathologist colorectal cancer dataset based on the 4 tier system described by
Ryan et al. [216, 217] (Chapter 1 Section 1.18.1). Score of 0 if there were no viable cancer
cells (complete response). Score 1 if there were single cells or small groups of cancer cells
(near-complete response). Score 2 if residual cancer with evident tumour regression but
more than single cells or small groups of cancer cells (partial response). TRG 3 if there is
extensive residual cancer with no evidence of tumour regression (poor response). [217]
Tumour response was dichotomised into good / near complete response (TRG 0/1) and
incomplete / poor response (TRG 2/3). Neoadjuvant rectal (NAR) score was calculated
using clinicopathological parameters (detailed in Chapter 1 section 1.18.4), stratifying
patients into low (<8), intermediate (8-16) and high (>16) risk groups. [157] MRI T or N
downstaging was defined as a reduction in T or N stage on post treatment imaging

compared to pre-treatment assessment.
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IBM SPSS Statistics, IBM corp, Armonk, NY, USA). Variables were grouped using
standard clinical thresholds or cut offs which have been established in literature.
Comparison between groups was performed with the Chi square test, and Fisher’s exact

test was used where n was less than 5. Kruskal-Walli’s assessment of variance was used

Statistical analysis of the whole dataset was undertaken by me using SPSS (version 25.0;

for the comparison of median values. Freidman test was used for assessment of variance in

mean values from 3 variables. Binary logistic regression was used for univariate and

multivariate analysis of baseline characteristics and their relationship with treatment

response (tumour regression grade / NAR score / pathological complete response). In order

to gain entry to the multivariate model, a threshold of P<0.05 on univariate analysis was

required.
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2.3 Results

This study identified a total of 251 patients who had undergone long course CRT of whom
235 were managed surgically and 16 were initially managed non-operatively. A flow chart
detailing the treatment course and outcome of patients included is shown in Figure 1. Of
patients undergoing primary non-operative treatment, 3 were not suitable for surgery due
to co-morbidity and 13 had a complete clinical response (cCR). Of the 13 cCRs, 3 patients
developed local regrowth and underwent salvage resection. Of the patients managed
surgically, four had a palliative resection and 3 had a transanal excision. The remaining
228 having a resection with curative intent were studied in detail within this and

subsequent chapters.
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Figure 2.1. Patient selection for this the study.
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A total of 251 patients were identified. Two hundred and thirty two patients underwent
surgery of which 228 patients underwent a resection with curative intent, 3 underwent
transanal excision with curative intent and 1 patient had a palliative resection. Three
patients did not develop metastatic disease and went on to have resection. Sixteen patients
were initially treated non-operatively, 3 of whom were did not undergo intensive
surveillance due to comorbidity. Thirteen patents had a complete clinical response (cCR),
of whom 3 had tumour regrowth and underwent a salvage resection. Ten remaining

patients had a sustained cCR requiring no further intervention.

66



Table 2.1 Baseline clinical and pathological details for 228 patients who received

neoadjuvant chemoradiotherapy rectal cancer in the West of Scotland from February 2008

to May 2016. Numbers in parentheses indicate percentages.

Frequency (%)
Age (years) <55 44 (19)
55-74 144 (63)
>75 40 (18)
Sex Female 88 (39)
Male 140 (61)
BMI <25 70 (39)
25-30 63 (35)
>3() 46 (26)
Tumour Height from anal | <5 (low) 93 (43)
verge (cm) 5-10 (mid) 81 (37)
>10 (upper) 43 (20)
Tumour Size (cm) <4 35 (16)
4-7 163 (74)
>8 23 (10)
Clinical T Stage T2 15(7)
T3 173 (76)
T4 40 (18)
Clinical N Stage NO 66 (28)
N1/2 164 (72)
TNM stage | 52)
I 59 (26)
11 164 (72)
MRI EMVI No 39 (38)
n=103 Yes 64 (62)
MRI Response Poor (mrTRG 4 & 5) 11(7)
n=146 Incomplete (mrTRG 3) 68 (47)
Good (mrTRG 1&2) 67 (46)
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MRI T Downstaging No 34 (44)
n=77 Yes 43 (56)
MRI N Downstaging No 29 (38)
n=77 Yes 48 (62)
RT Dose (Gy) <45 8(4)
45 189 (95)
>45 (boost) 3(1)
Concomitant Capecitabine 150 (87)
Chemotherapy S U 191
Other * 3(1)
Interval: CRT finish to <8 24 (11)
Surgery (weeks) 510 128 (56)
>12 75 (33)
Operation TME with primary anastomosis 86 (38)
TME with end colostomy 20 (9)
Abdominoperineal resection (APR) 117 (52)
Pelvic Exenteration ** 512
Operative approach Laparoscopic 45 (20)
Laparoscopic assisted 22 (10)
Open 161 (70)
Permanent Stoma No 75 (33)
Yes *** 153 (67)
Pathological T staging ypTO 45 (20)
ypT1 12 (5)
ypT2 40 (17)
ypT3 116 (51)
ypT4 15(7)
Pathological N staging ypNO 163 (72)
ypN1 49 (21)
ypN2 16 (7)
pCR No 183 (80)
Yes 45 (20)
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NAR score <8 (low risk) 52 (23)
8-16 (intermediate risk) 108 (47)
>16 (high risk) 68 (30)
Tumour Regression Grade | TRG 0 (pCR) 45 (21)
TRG 1 35(16)
TRG 2 85 (39)
TRG 3 52 (24)
Resection Margin RO 201 (88)
R1 (£Imm to CRM) 27 (12)
EMVI No 160 (74)
Yes 56 (26)
Tumour differentiation Well, / Moderate 190 (72)
Poor 17 (8)
Adjuvant chemotherapy No 158 (70)
Yes 68 (30)

BMI body mass index; TNM American Joint Committee Cancer (AJCC) TNM system;
EMVI extramural vascular invasion; RT radiotherapy; CRT chemoradiotherapy; 5-FU

Fluorouracil; pCR pathological complete response; NAR Neoadjuvant rectal score; TRG

AJCC tumour regression score quantifies tumour regression to neoadjuvant

chemoradiotherapy *concomitant chemotherapy other: 1 Capecitabine & Irinotecan; 2

Xelox (Oxaliplatin & Capecitabine)

** Pelvic exenteration: 3 APR & cytoprostatectomy; 2 APR & cystectomy & TAH & BSO

***Includes 7 patients who did not have a reversal of diversion ileostomy
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The majority of patients were over 55 years of age (n=154, 81%), male (n=140, 61%) and
had a BMI of less than 30 (n=133, 74%). The majority of tumours were in the low or mid
rectum (n=174, 80%) and between 4-7cm in size (n=163, 74%). The majority had clinical
T3 disease (n=173, 76%), and (n=164 72%) had Stage III disease. Of the 5 stage 1 patients,
4 had low rectal cancers deemed to require an APR whilst 1 had a mid-rectal cancer.
Extramural venous invasion (EMVI) on MRI was reported in 106 patients of whom the
majority had EMVI (64, 62%). MRI response was classified a poor (mTRG 4&5),
incomplete (mTRG3), good (MTRG 1&2) (n=11 7%, n=68 47%, n=67 46%). [219] The
majority of patients received Capecitabine or in combination with irinotecan or oxaliplatin
(n=153, 88%). Nearly all patients (n=192, 96%) received a total radiation dose of 45Gy or
more. Most patients (n=203, 89%) had an interval of over 8 weeks between finishing

radiotherapy and surgery.

Fifty two percent (n=117) of the cohort underwent a sphincter-excising abdominoperineal
resection (APR)). Fort six percent (n=105) of the cohort underwent a sphincter preserving
TME resection, the majority of whom (n=87, 83%) had a primary anastomosis. Five
patients had a pelvic exenteration. The majority of patients underwent open surgery
(n=161, 70%) and 153 patients (67%) had a permanent stoma which included 7 patients
who did not have reversal of defunctioing ileostomy. The majority of patients had a
pathological staging of ypT3 (n=116, 51%) and were node negative (n=163, 72%). Forty-
five patients (20%) had a complete pathological response (pCR). Near complete response
(TRG 1) was seen in 35 patients (16%) and a poor response (TRG 3) in 52 patients (24%).
Twenty seven patients (12%) had margin involvement (R1), 56 (24%) had extra-mural
vascular invasion and 18 (9%) had poor tumour differentiation. The majority of patients
(n=160, 70%) had low or intermediate NAR scores. Sixty-eight patients (30%) received
adjuvant chemotherapy. Detailed baseline clinical and pathological information is detailed

in table 2.1. The baseline characteristics of the 2 cohorts used for the main datasets are
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detailed in table 2.1s located within the appendix. A subgroup analysis of baseline clinical
and pathological characteristics of both cohorts which constitute the main dataset reveal
the larger West of Scotland cohort had more patients with a BMI>30, clinically node
positive disease, clinical TNM stage III disease, patients waiting >12 weeks for surgery
after the finishing neoadjuvant therapy and a trend towards lower number of pathological
N2 than the Glasgow Royal Infirmary cohort. No differences were seen in age, gender,
tumour height, tumour size, clinical T stage, radiation dose, type of chemotherapy, type of
surgery, pathological TNM stating, margin involvement and pathological tumour
regression grading. The full table is within the appendix. The median time between pre-
CRT and post CRT blood tests was 5 weeks. The median time between post-CRT and pre-
operative blood tests was 11 weeks. The median time between pre-CRT and pre-operative

blood tests was 17 weeks.

Table 2.2 details the changes in circulating measures of the systemic inflammatory
response in addition to other parameters (e.g. CEA) measured at different time points
during the neoadjuvant treatment pathway, Across the whole cohort, during CRT white cell
count, neutrophil count and lymphocyte counts decreased and recovered slightly (detailed
in table 3a). A similar trend was observed in haemoglobin and albumin. NLR increased
during radiotherapy, but the rate of increase decreased between the completion of
radiotherapy and surgery. CEA decreased during CRT. Proportion of patients with a

CRP >10 increased during CRT. This was reflected in the proportion of patients who had
an elevated mGPS during therapy. Changes in blood parameters of patients with blood

samples at all 3 time points was available in 144 patients is detailed in table 2.2.
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Table 2.2 Circulating measures of the systemic inflammatory response prior to and following neoadjuvant therapy in matched patients (with blood results

available at all 3 time points) with rectal cancer (n=144). Median and IQR in parenthesis for continuous data. Numbers in parentheses indicate percentages.

Baseline Post Radiotherapy Pre-operative P value
(pre-treatment bloods) (last week of RT to 4 weeks post RT) (8-16 weeks post RT)
WCC (10°L) 7.6 (3.0) 5.3(2.8) 5.6(2.1) <0.001 ¢
n=144 <4/4-11/>11 4(3)/129(88)/13(9) |30(21)/113(78)/2(1) 19 (13) /124 (86) /2 (1) | 0.028 #
Neutrophils (10°L) 4.7 (2.0) 34 (2.1 3.8(2.2) <0.001 ¢
n=144 <2/2-7.5>7.5 1(1)/123 (84)/22(15) | 13(9)/126 (87)/6 (4) 3(2)/143(92)/9 (6) 0.016 #
Lymphocytes (10°L) 1.9 (1.1) 0.7 (0.5) 0.9 (0.5) <0.001 ¢
n=144 <1.5/1.5-4/>4 43 (30)/98(67)/5@3) | 13795 /7(5)/1(1) 127 (87) /18 (12) /1 (1) | 0.003 #
NLR 2.7(1.8) 4.9 (3.0) 523.0) <0.001 ¢
n=144 <3/23 87 (60) / 59 (40) 22 (15)/ 123 (85) 47 (32) /99 (68) 0.001 #
Hb (g/dL) 135 (21) 129 (20) 130 (19) <0.001 ¢
Anaemia No/Yes 118 (81) /28 (19) 97 (67)/48 (33) 111 (77) /34 (23) <0.001 #
Hb <130g/dL (men)
<115g/dL (women)
n=144
Albumin (g/L) 38 (5) 36 (4) 37 (6) <0.001 ©

72



n=141 <35/>35 26 (18) / 120 (82) 43 (30) / 101 (70) 30 (21)/ 113 (79) <0.001 #
CEA (ng/L) 3.7(8.7) 2.9 (5.8) NA <0.001 v
n=99 <5/>5 60 (61) /39 (39) 73 (70) /32 (31) NA <0.001 #
CRP (mg/L) 3.4 (5.0) 3.0 (5.0) 4.0 (4) 0.181 ¢
n=80 <10/>10 68 (85) /12 (15) 93 (80) / 24 (20) 70 (83) / 14 (17) 0.021 #
mGPS n=80 0/1/2 68 (85)/5(6)/7(9) 93 (79)/8 (7)/ 16 (14) 70 (83)/5(6)/9 (11) 0.001 #

RT radiotherapy; WCC total white cell count; NLR neutrophil to lymphocyte ratio; Hb Haemoglobin; CEA carcinoembryonic antigen; CRP C-reactive

protein; mGPS modified Glasgow prognostic score. ¢ Freidman test. \ Kruskal-Wallis test. # Chi-Squared test
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Tumour Regression Grade

The relationships between circulating measures of the systemic inflammatory response and
tumour regression grading are detailed in table 2.3.1. A higher pre-operative neutrophil
count trended (p=0.056) towards an improved tumour regression to neoadjuvant treatment.
This was not observed with the neutrophil count at other time points. A lower haemoglobin
and anaemia were associated with a poorer tumour regression at all 3 time points.
Improved tumour regression was associated with a larger proportion of patients with
normal pre-operative serum albumin. This was not observed with serum albumin at other
time points. A low CEA related to a good response at both time points. WCC, lymphocyte
count, NLR, CRP, mGPS were not associated with tumour regression grade at any time

point.
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Table 2.3.1 The relationship between circulating measures of the systemic inflammatory response measures prior to and following treatment and response

to neoadjuvant therapy evaluated by tumour regression grade. Median and IQR in parenthesis for continuous data. Numbers in parentheses indicate

percentages.
Tumour Regression Grade P value
Good (TRG 0/1) Partial / Poor (TRG 2/ 3)
WCC (109L) Pre-CRT 7.3 (2.6) 8.3(3.1) 0.449
n=222 <4/4-11/>11 1(1)/71(89)/8(10) 4(3)/118(87)/14(10) 0.713
Post-CRT 4.4 (3.2) 53(2.3) 0.516
n=216 <4/4-11/>11 17(22)/58(76) /1 (1) |24 (18)/108 (81)/1(1) 0.709
Pre-Op 5.6 (2.9) 5.5(1.8) 0.837
n=230 <4/4-11/>11 11 (14)/67 (84)/2(2) 16 (12) /116 (87) /1 (1) 0.544
Neutrophils Pre-CRT 4.5(1.5) 5.3(2.0) 0.056
(109L) n=222 <2/2-75>75 |0/67(84)/13(16) 1(1)/115(85)/20(15) 0.720
Post-CRT 32(29) 3.6 (1.8) 0.311
n=216 <2/2-75>75 |7(9)/67(88)/2(3) 11 (8)/117(88)/5(4) 0.888
Pre-Op 3.8(2.5) 3.8(2.1) 0.822
n=230 <2/2-75>7.5 1(1)/71(89)/8(10) 5(4)/125(93)/4(3) 0.063
1.9 (1.1) 1.7 (1.3) 0.140
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Lymphocytes Pre-CRT | <1.5/1.54/>4 [ 20(25)/57(71)/3 (4) |49 (36)/84(62)/3 (2) 0.200
(109L) R
Post-CRT 0.6 (0.6) 0.8 (0.6) 0.709
n=216 <1.5/1.5-4/>4 | 70(92)/6(8)/0 127 (96) /5 (4)/ 1(1) 0.342
Pre-Op 0.8 (0.4) 1.0 (0.6) 0.403
=230 <1.5/1.5-4/>4 | 70(88)/ 10 (13)/0 119 (89)/ 14 (10) /1 (1) 0.679
NLR Pre-CRT 2.5 (2.0) 3.1(23) 0.334
n=222 <3/>3 50 (62) /31 (38) 76 (56 (40 (44) 0.477
Post-CRT 5.9 (5.6) 47(3.1) 0.534
n=216 <3/>3 16 21) /61 (79) 19 (14) / 114 (86) 0.251
Pre-Op 41(44) 4.1(3.6) 0.610
=230 <3/>3 27 (33)/ 54 (67) 42 (31)/ 92 (69) 0.765
Hb (g/dL) Pre-CRT 137 (22) 129 (19) 0.008
Categorical Hb | n=222 NO / YES 73 (90)/ 8 (10) 94 (69) /42 (31) <0.001
Hb <130g/dL Post-CRT 129 (33) 125 (18) <0.001
Eﬁgﬁ?;;lsg/& n=216 NO/ YES 57 (74) /20 (26) 72 (54)/ 61 (46) 0.005
Pre-Op 136 (25) 131 (17) 0.018
=230 NO / YES 70 (86) / 11 (14) 93 (70) / 40 (30) 0.008
37(6) 37 (6) 0.513
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Albumin (g/L) Pre-CRT <35/2>35 16 (20) / 64 (80) 29 (21) /107 (79) 0.864
n=222
Post-CRT 36 (4) 36 (4) 0.122
n=216 <35/2>35 19 (24) /59 (76) 46 (35) / 86 (65) 0.124
Pre-Op 37(4) 37 (4) 0.016
n=186 <35/2>35 12 (15) / 66 (85) 36 (28) /94 (72) 0.043
CEA (pg/L) Pre-CRT 2.7(1.7) 4.4 (10) 0.057
n=157 <5/>5 46 (74) /16 (26) 45 (52)/ 41 (48) 0.018
Post-CRT 2.7(1.8) 3.8(9.0) 0.003
n=186 <5/>5 48 (83)/ 10 (17) 57 (60) / 38 (40) 0.004
CRP (mg/L) Pre-CRT 3(3) 4(8) 0.521
n=129 <10/>10 37(90) /4 (10) 66 (80) /17 (20) 0.203
Post-CRT 2.1 (6) 3(10) 0.089
n=186 <10/>10 53(82)/12 (18) 78 (71) /32 (29) 0.149
Pre-Op 24 4) 44 0.639
n=143 <10/>10 44 (88) /6 (12) 70 (84) / 13 (16) 0.618
mGPS Pre-CRT 0/1/2 37.(90) /2(5)/ 2(5) 66 (79)/8(10)/9 (11) 0.324
n=124
Post-CRT [0/1/2 53(81)/4(6)/ 8 (13) 78 (71) /10 (9) / 22 (20) 0.291
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n=175
Pre-Op 0/1/2 44 (88)/3(6)/3 (6) 70(84)/6(7)/7(8) 0.833

n=133

TRG AJCC tumour regression score quantifies tumour regression to neoadjuvant chemoradiotherapy; WCC total white cell count; NLR neutrophil to

lymphocyte ratio; Hb Haemoglobin; CEA carcinoembryonic antigen; CRP C-reactive protein; mGPS modified Glasgow prognostic score



NAR score The relationships between circulating measures of the systemic inflammatory
response and NAR <8 is detailed in table 2.3.2. NAR <8 was associated with a higher
post-treatment haemoglobin. Patients meeting the criteria for anaemia at baseline and pre-
operatively were less likely to have NAR scores <8. NAR<8 was associated with a pre-
and post-treatment CEA <5. WCC, Neutrophil count, Lymphocyte count, NLR, Albumin,

CRP and mGPS were not associated with NAR <8.
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Table 2.3.2 The relationship between circulating measures of the systemic inflammatory response measures prior to and following treatment and

response to neoadjuvant therapy evaluated by Neoadjuvant Response (NAR) score. Median and IQR for continuous data. Numbers in

parentheses indicate percentages

NAR Score P value
<8 (good) >8 (intermediate / poor)
WCC (109L) Pre-CRT 73 3.1) 7.6 2.7) 0.904
n=222 <474-11/>11 | 1(2)/47 (90)/ 4 (8) 4(2)/ 153 (87)/19(11) | 0.764
Post-CRT 5.8 (3.5) 53 (2.8) 0.745
n=216 <4/4-11/>11 | 9(18)/40(80)/1(2) |36 (21)/ 133 (78)/2 1(1) | 0.820
Pre-Op 5.7 (1.9) 5.5 2.4) 0.429
n=230 <474-11/>11 | 3(6)/48 (92)/ 1 (2) 25 (14) /146 (84)/2 (1) | 0.236
Neutrophils Pre-CRT 5.7(1.9) 5.1(1.7) 0.393
(109L) n=222 <2/2-75>75 | 044 (35)/8 (15) 1(1)/ 148 (84)/27(15) | 0.863
Post-CRT 42 (1.4) 3.5(1.8) 0.975
n=216 2721575 | 4(8)/44 (88) /2 (4) 15(9)/150 (88)/6 (3) | 0.974
Pre-Op 3.9 2.9) 40 (23) 0.611
n=230 <2/2-75>75 | 0748 (92)/4(8) 6(3)/158(91)/10(6) | 0359

80



Lymphocytes Pre-CRT 2.0(1.4) 1.7 (0.9) 0.139
109L
( ) n=222 <1.5/1.5-4 12.(23) /37 (71)/ 3(6) 60 (34)/ 113 (75)/3 (2) 0.113
/>4
Post-CRT 0.6 (0.7) 0.8 (0.6) 0.329
n=216 <1.5/1.5-4 45(90)/5(10)/0 164 (96) /6 (3)/ 1 (1) 0.156
/>4
Pre-Op 1.1 (0.8) 0.8 (0.5) 0.054
n=230 <1.5/1.5-4 44 (85)/8(15)/0 142 (83) /28 (16) /1 (1) 0.270
/>4
NLR Pre-CRT 2.8 (2.7) 2.92.2) 0.211
n=222 <3/2>3 31(60) /21 (40) 102 (58) /74 (42) 0.831
Post-CRT 6.5 (8.3) 4.8 (2.9) 0.476
n=216 <3/2>3 11(22) /39 (78) 25 (15)/ 146 (85) 0.214
Pre-Op 3.6 (3.3) 4.1 (3.7) 0.460
n=230 <3/2>3 19 (36) / 33 (64) 55(32) /119 (68) 0.506
Hb (g/dL) Pre-CRT 139 (20) 129 (22) 0.027
Anaemia n=222 NO/YES 48 (92) /4 (8) 128 (73) / 48 (27) 0.003
Hb <130g/dL Post-CRT 129 (32) 125 (24) 0.039
(men) <115g/dL
(women) n=216 NO/YES 36 (72)/ 14 (28) 100 (59) /71 (41) 0.084
Pre-Op 135 (24) 132 (19) 0.052
n=230 NO/YES 44 (85)/ 8 (15) 126 (73) /47 (27) 0.083
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Albumin (g/L) | Pre-CRT 38 (7) 37 (6) 0.198
=222 <35/>35 10 (19) / 42 (81) 27 (21)/ 138 (79) 0.765
Post-CRT 36 (4) 36 (4) 0.024
n=216 <35/>35 13 (26) /37 (74) 56 (33)/ 115 (67) 0.365
Pre-Op 37 (4) 37 (4) 0.012
n=186 <35/>35 8 (17) /40 (83) 42 (25)/ 129 (75) 0.250
CEA (ug/L) Pre-CRT 2.6 (2.1) 3.7(9.1) 0.003
n=157 <5/>5 34(79)/9 (21) 61 (56) / 49 (45) 0.007
Post-CRT 2.0 (1.8) 3.6 (9.6) 0.005
=186 <5/>5 32(87) /5 (13) 76 (62) / 46 (38) 0.006
CRP (mg/L) Pre-CRT 3.0 (1.0) 4(7) 0.541
=129 <10/>10 24 (92)/2 (8) 82 (81) /19 (19) 0.173
Post-CRT 2.0 (2.0) 3 (10) 0.230
=186 <10/>10 35(83) / 7(17) 103 (72) / 40 (28) 0.139
Pre-Op 1.7 (4) 4(4) 0.291
n=143 <10/>10 27 (84) / 5(16) 92 (85) /16 (15) 0.910
mGPS Pre-CRT | 0/1/2 24.(92)/1(4)/ 1 (4) 82 (81)/9 (9) /10 (10) 0.396
n=124
Post-CRT |0/1/2 35(83)/1(2)/6(14) | 103(72)/ 14 (10)/26(18) | 0.219
=175
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Pre-Op 0/1/2 27(84)/3(9)/2(6) 92 (85)/8(7)/8(7) 0.919
n=133

NAR Neoadjuvant rectal score; WCC total white cell count; NLR neutrophil to lymphocyte ratio; Hb Haemoglobin; CEA carcinoembryonic

antigen; CRP C-reactive protein; mGPS modified Glasgow prognostic score



Pathological Complete Response

The relationships between circulating measures of the systemic inflammatory response and
pathological complete response (pCR) ) are detailed in table 2.3.3. A higher proportion of
patients with a pCR pathological complete response (pCR) had a normal pre-operative WCC
but not at other time points. pCR was associated with absence of anaemia and higher
haemoglobin, and Lower CEA. Neutrophil count, Lymphocyte count, NLR, Albumin, CRP

and mGPS were not associated with pCR.
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Table 2.3.3 The relationship between circulating measures of the systemic inflammatory response measures prior to and following treatment and response

to neoadjuvant therapy evaluated by pathological complete response. Median and IQR for continuous data. Numbers in parentheses indicate percentages

Pathological Complete Response

Yes No P value
WCC (109L) Pre-CRT 8.3(2.7) 7.5(2.8) 0.948
n=222 <4/4-11/>11 1(2)/40(89)/4(9) 4(2)/160 (87)/19 (10) 0.957
Post-CRT 5.8(3.5) 532.7) 0.947
n=216 <4/4-11/>11 8 (18)/35(80)/1(2) 37 (21)/ 138 (78) /2 (1) 0.787
Pre-Op 6.0 (1.8) 54 (2.4) 0.867
n=230 <4/4-11/>11 0/44 (98)/1(2) 28 (16) /150 (83) /2 (1) 0.017
Neutrophils (109L) | Pre-CRT 4.2 (1.8) 5.0 (1.7) 0.739
n=222 <2/2-7.5>7.5 0/37(82)/8(18) 1(1)/ 155 (84) /27 (14) 0.784
Post-CRT 3.7 (2.6) 3.5(.7) 0.416
n=216 <2/2-75>7.5 3(7)/39(89)/2(4) 16 (9)/ 155 (88) /6 (3) 0.845
Pre-Op 42(1.9) 3.8(2.2) 0.947
n=230 <2/2-7.5>7.5 0/41(91)/4 (9) 6(3)/165(91)/10 (6) 0.341
Pre-CRT 22(1.2) 1.7 (0.9) 0.388
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Lymphocytes n=222 <1.5/1.5-4/>4 10 (22)/ 32 (71)/ 3(7) 62(34)/ 118 (64)/3(2) ] 0.072
(109L) Post-CRT 0.5 (1.0) 0.8 (0.6) 0.687
n=216 <1.5/1.5-4/>4 39(89)/5(11)/0 170 (96) /6 (3)/ 1 (1) 0.084
Pre-Op 1.1 (0.9) 0.9 (0.5) 0.317
=230 <1.5/1.5-4/>4 38 (84)/7(16)/0 161(89)/19(10)/1(1) | 0.567
NLR Pre-CRT 2.8(23) 3.0 (2.2) 1.000
n=222 <3/>3 26 (58)/ 19 (42) 107 (59) / 76 (41) 0.933
Post-CRT 7.0 (11.5) 47 (3.0) 0.498
n=216 <3/>3 10 (23) /34 (77) 26 (15)/ 151 (85) 0.196
Pre-Op 3.8 (3.6) 41(34) 1.000
n=230 <3/>3 15 (33) /30 (67) 59 (33)/ 122 (67) 0.925
Hb (g/dL) Pre-CRT 140 (24) 129 (20) 0.004
Categorical Hb n=222 NO / YES 41(91) / 409) 135 (74) / 48 (26) 0.013
Hb <130g/dL (men) | Post-CRT 130 (35) 125 (23) 0.001
<H5g/dL (women) | ), ¢ NO/YES 34 (77)/ 10 (23) 102 (58) /75 (42) 0.017
Pre-Op 136 (23) 133 (20) 0.110
=230 NO / YES 39 (87) /6 (13) 131 (73) /49 (27) 0.052
Albumin (/L) Pre-CRT 37 (8) 37 (5) 0.148
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n=222 <35/>35 8 (18) /37 (82) 39 (21)/ 143 (79) 0.588
Post-CRT 35 (5) 36 (4) 0.065
n=216 <35/>35 11(25)/33 (75) 58(33) /119 (67) 0.320
Pre-Op 35(5) 37 (4) 0.022
n=186 <35/>35 8 (19) /35 (81) 42 (24) / 134 (76) 0.461
CEA (ug/L) Pre-CRT 2.8 (1.9) 3.7(9.1) 0.114
n=157 <5/>5 28 (78) /8 (22) 67 (57) / 50 (43) 0.027
Post-CRT 2.2 (1.4) 3.4(8.3) 0.022
n=186 <5/>5 29 (91)/3 (9) 79 (62) / 48 (38) 0.002
CRP (mg/L) Pre-CRT 3.0 (2.0) 3.5(6.0) 0.895
n=129 <10/>10 20 (91)/2 (9) 86 (82) / 19 (18) 0.301
Post-CRT 2.1 (4.0 4.0 (5.0) 0.383
n=186 <10/>10 31(82)/7 (18) 107 (73)/ 40 (27) 0.267
Pre-Op 1.7 (4.0 4.0 (5.0 0.573
n=143 <10/>10 26 (90) /3 (10) 93 (84) /18 (16) 0.430
mGPS Pre-CRT 0/1/2 20 (91) /1 (4)/ 1 (4) 86 (81)/9 (9) /10 (10) 0.585
n=124
Post-CRT | 0/1/2 31(82)/1(3)/6(16) 107 (73)/ 14 (9) /26 (18) | 0.342
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n=175

Pre-Op
n=133

0/1/2

26(90)/1(3)/2(7)

96 (84) /10 (9) /8 (7)

0.606

WCC total white cell count; NLR neutrophil to lymphocyte ratio; Hb Haemoglobin; CEA carcinoembryonic antigen; CRP C-reactive protein; mGPS

modified Glasgow prognostic score
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Temporal changes in inflammatory parameters and categories of treatment response.

Tumour regression grade

Table 2.8s and figures 2.5s (located within appendix) demonstrate trends in median values
of serum markers across the 3 timepoints around CRT related to the degree of pathological
response measured by tumour regression grade. Total white cell, lymphocyte and
neutrophil counts fell immediately after CRT and increased by the pre-op timepoint
comparably in both response groups. A similar pattern was seen for NLR. Median CRP
reduced immediately after CRT with favourable response having a lower median CRP at
all 3 time points most pronounced post-CRT but did not reach significance. Albumin falls
during therapy but patients with a good response have a higher serum albumin post-CRT
and pre-operatively. The overall trends for changes in systemic inflammatory parameters
were similar across TRG categories with no statistically significant divergence in changes

between timepoints except for albumin.

NAR Score

Table 2.9s and figures 2.6s (located within appendix) demonstrate no significant
differences in total white cell count, lymphocyte count, neutrophil count and NLR with
minimal differences related to a NAR score <8 / >8. Median CRP was higher in at all
timepoints with an unfavourable NAR (>8) but not statistically significant. The statistical
difference in albumin count between NAR groups does not translate into clinical
difference. The overall trends for changes in systemic inflammatory parameters were
similar across NAR categories with no statistically significant divergence in changes

between timepoints except for albumin.
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Pathological Complete Response

Table 2.10s and figures 2.7s (located within appendix) demonstrate similar trends in total
white cell count, lymphocyte count, neutrophil count and NLR with no significant
differences in the presence of pathological complete response. Median CRP was higher at
all 3 timepoints in those without complete pathological response but was not statistically
significant. Albumin again is higher post-CRT and pre-operatively in those with a
complete pathological complete response. The overall trends for changes in systemic
inflammatory parameters were similar across pCR categories with no statistically

significant divergence in changes between timepoints except for albumin.
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Binary logistic regression analysis for neoadjuvant treatment response.

In order to determine the most important parameters associated with response to treatment,
a binary logistic regression analysis was performed to include pre-treatment clinical
characteristics. Tables 2.4.1-3 detail this binary logistic regression analysis for the
association between pre-treatment clinical characteristics, serum markers and treatment
response measured using tumour regression grade (Table 2.4.1), NAR score (Table 2.4.2)
and pathological complete response (Table 2.4.3). On univariate analysis, only larger
tumour size (>8cm), elevated pre and post-treatment CEA and pre and post treatment
anaemia were associated with poorer tumour regression (TRG 2/3). On multivariate
analysis, only post treatment CEA (>5) was independently associated with poor tumour

response.

On univariate analysis, pre and post treatment elevated CEA and pre-treatment anaemia
were associated with high NAR score (surrogate marker of poor prognosis). On
multivariate analysis only pre-treatment CEA and anaemia were associated with a high

NAR score.

On univariate analysis pre and post treatment elevated CEA, and pre and post-treatment
anaemia were associated lower rates of pathological complete response (pCR). On
multivariate analysis only pre-treatment CEA and anaemia were independently associated

with lower rates of pCR.
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Table 2.4.1 Univariate and Multivariate binary logistic regression assessing relationship
between clinical factors and tumour regression grade (TRG). Odds ratio and 95%

confidence interval in parenthesis.

TRG 2/3 (poor) vs 0/1 (good) OR (95% CI)
Univariate Analysis Multivariate Analysis
Hazard Ratio P value | Hazard Ratio P
value
Age <55 1
55-75 0.99(0.48-2.02) 0.974
>75 0.50(01.88-1.34) 0.168
BMI <25 1
n=182 25-30 2.16 (1.04-4.52) 0.040 | 1.64 (0.50-5.40) 0.417
>30 1.28 (0.56-2.91) 0.556
Tumour Height | <5 1
from anal verge
(cm) 5-10 1.28 (0.68-2.39) 0.441
>10 0.83 (0.39-1.81) 0.644
Tumour Size <4, 1
(cm)
4-7 0.62(0.29-1.32) 0.212
>8 0.21(0.06-0.76) 0.017 | 0.31(0.05-1.91) 0.206
Clinical T Stage | T2 1
T3 1.52(0.44-5.23) 0.510
T4 0.30(0.07-1.39) 0.303
Clinical N Stage | NO 1
N1&2 0.94(0.51-1.74) 0.850
MRI EMVI No 1
n=106 Yes 0.73(0.31-1.72) 0.471
Interval: CRT <8 1
finish to Surgery
(weeks) 8-12 1.65(0.64-4.28) 0.301
>12 1.29(0.47-3.53) 0.618
Pre-treatment <5 1
CEA (ug/L)
>5 0.38(0.19-0.78) 0.008 1.24 (0.19-7.93) 0.823
n=157
<5 1




Post-treatment >5 0.31(0.14-0.69) 0.004 0.40 (0.15-1.08) 0.045
CEA (ng/L)
n=216
Pre-treatment No 1
Anaemia
<130g/dL (men) [yeg 0.35(1.11-0.55) <0.001 | 0.63(0.18-2.24) | 0.473
<115g/dL
(women)
Post-treatment No 1
Anaemia
Yes 0.41(0.22-0.77) 0.005 0.52 (0.20-1.34) 0.190
n=216
Pre-treatment <3 1
NLR
>3 0.79(0.45-1.28) 0.399
Post-treatment <3 1
NLR
>3 0.64(0.31-1.32) 0.226
n=216
Pre-treatment 0 1
mGPS
1 0.45(0.09-2.21) 0.323
2 0.40(0.08-1.93) 0.252
Post-treatment 0 1
mGPS 1 0.59(1.18-1.98) 0.391
n=157 2 0.54(0.22-1.29) 0.164

TRG AJCC tumour regression score quantifies tumour regression to neoadjuvant

chemoradiotherapy; NAR Neoadjuvant rectal score; pCR pathological complete response;
BMI body mass index; EMVI extramural vascular invasion; CRT chemoradiotherapy;

CEA carcinoembryonic antigen; mGPS modified Glasgow Prognostic Score.
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Table 2.4.2 Univariate and Multivariate binary logistic regression assessing relationship

between clinical factors and NAR score. Odds ratio and 95% confidence interval in

parenthesis.
NAR score >8 (poor / intermediate) vs <8 (good) OR
(95% CI)
Univariate Analysis Multivariate Analysis
Hazard Ratio P value |Hazard Ratio P value
Age <55 1
55-75 1.35(0.59-3.06) | 0.480
>75 0.69(0.22-2.14) | 0.516
BMI <25 1
n=182 25-30 | 2.15(0.92-4.99) | 0.076
>30 1.13(0.42-3.06) | 0.811
Tumour <5 1
Height from
anal verge 5-10 1.20(0.60-2.41) | 0.607
(cm) >10 1.04(0.44-2.45) | 0.930
Tumour Size | <4, 1
(cm)
4-7 0.79(3.35-1.78) | 0.564
>8 0.24(0.05-1.21) | 0.084
Clinical T T2 1
t
Stage T3 5.22(0.67- 0.115
40.82)
T4 1.56(0.16- 0.704
15.16)
Clinical N NO 1
Stage
N1&2 | 0.60(0.31-1.15) | 0.124
MRI EMVI No 1
n=106 Yes 0.80(0.29-2.21) | 0.673
Interval: CRT | <8 1
finish to
Surgery 8-12 1.82(0.58-5.70) | 0.302
(weeks) >12 1.31(0.39-4.40) | 0.660
<5 1




Pre-treatment | >5 0.33(0.14-0.75) | 0.008 0.27(0.10-0.76) | 0.017
CEA (pg/L)
n=157
Post-treatment | <5 1
CEA /L
(ng'L) >5 0.26(0.09-0.71) | 0.009 0.84(0.11-6.24) | 0.866
n=216
Pre-treatment | No 1
Anaemia
<130g/dL Yes 0.22(0.08-0.65) | 0.006 0.16(0.03-0.72) | 0.017
(men)
<115g/dL
(women)
Post-treatment | No 1
A .
factia Yes | 0.55(0.28-1.08) | 0.086
n=216
Pre-treatment | <3 1
NLR
>3 1.03(0.53-2.00) | 0.933
Post-treatment | <3 1
NLR
>3 0.59(0.26-1.33) | 0.200
n=216
Pre-treatment | 0 1
mGPS
1 0.48(0.06-3.99) | 0.495
2 0.43(0.05-3.56) | 0.430
Post-treatment | 0 1
mGPS 1 0.25(0.03-1.95) | 0.184
n=157 2 0.80(0.30-2.11) | 0.647

TRG AJCC tumour regression score quantifies tumour regression to neoadjuvant

chemoradiotherapy; NAR Neoadjuvant rectal score; pCR pathological complete response;
BMI body mass index; EMVI extramural vascular invasion; CRT chemoradiotherapy;

CEA carcinoembryonic antigen; mGPS modified Glasgow Prognostic Score.
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Table 2.4.3 Univariate and Multivariate binary logistic regression assessing relationship
between clinical factors and pathological complete response (pCR). Odds ratio and 95%

confidence interval in parenthesis.

pCR No vs Yes OR (95% CI)

Univariate Analysis Multivariate Analysis
Hazard Ratio P value [Hazard Ratio P
value
Age <55 1
55-75 1.29 (0.54-3.04) | 0.567
>75 0.64 (0.19-2/16) | 0.474
BMI <25 1
n=182 25-30 1.65 (0.71-3.82) | 0.246
>30 0.87 (0.31-2.40) | 0.784
Tumour Height | <5 1
from anal X3 1
verge (cm) 5-10 0.37 (0.66-2.81) | 0.400
>10 0.81(0.31-2.11) | 0.670
Tumour Size <4, 1
(em) 4-7 0.64 (0.28-1.45) | 0.281
>8 0.11 (0.01-0.96) | 0.046
Clinical T T2 1
St
age T3 4.63 (0.59-36.26) | 0.144
T4 0.36 (0.02-6.13) | 0.479
Clinical N NO 1
Stage
N1&2 | 0.57(0.29-1.13) | 0.108
MRI EMVI No 1
n=106 Yes 0.56 (0.18-1.7) 0.318
Interval: CRT | <8 1
finish to
Surgery 8-12 3.22(0.72-14.50) | 0.128
(weeks) >12 2.88(0.61-13.57) | 0.182
Pre-treatment <5 1
CEA (ng/L
(ng/L) >5 0.38 (0.16-0.91) | 0.030 10.21(0.07-0.68) [0.009
n=157




Post-treatment | <5 1
CEA /L
(ng/L) >5 0.17(0.05-0.59) 0.005 |0.52(0.06-4.49) 10.549
n=216
Pre-treatment No 1
Anaemia
<130g/dL Yes 0.27(0.09-0.81) 0.019  |0.29(0.06-1.40) |0.047
(men)
<115g/dL
(women)
Post-treatment | No 1
A .
fachiia Yes 0.04(0.19-0.86) | 0.019 [0.99(0.31-3.15) [0.987
n=216
Pre-treatment <3 1
NLR
>3 0.93(0.50-1.75) 0.831
Post-treatment | <3 1
NLR
>3 0.61(0.28-1.34) 0.217
n=216
Pre-treatment 0 1
GPS
m 1 0.38(0.05-3.15) 0.370
2 0.34(0.04-2.81) 0.317
Post-treatment | O 1
mGPS 1 0.21(0.03-1.66) 0.139
n=157 2 0.68(0.26-1.79) 0.433

TRG AJCC tumour regression score quantifies tumour regression to neoadjuvant

chemoradiotherapy; NAR Neoadjuvant rectal score; pCR pathological complete response;

BMI body mass index; EMVI extramural vascular invasion; CRT chemoradiotherapy;

CEA carcinoembryonic antigen; mGPS modified Glasgow Prognostic Score.
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Changes in circulating measures of systemic inflammation pre and post-neoadjuvant

treatment and their association with response.

In total, 221 evaluable patients had circulating measures of SIR at baseline and following
initiation of neoadjuvant radiotherapy: 221 patients had white cell count and 109 patients
had CRP measurements at baseline and following CRT. Figure 2.2 demonstrates median
total white cell count, neutrophil count, lymphocyte count, and albumin fell following
neoadjuvant CRT and recovered preoperatively in 144 patients who with blood results
available at all 3 time points. Neutrophil to lymphocyte ratio (NLR) increased following
CRT and fell pre-operatively. CRP increased following CRT and dropped pre-operatively,
but this was not significant. In general, as detailed in Table 2.2, there is fall in these
parameters after CRT with recovery by the pre-surgery time point. The Table 2.5
demonstrates the largest of these falls proportionally was in lymphocyte counts which fell
by 61% from baseline to post-CRT and 50% from baseline to pre-operatively. This is
likely to the main contributor to the NLR rising by 76% from baseline to post-CRT and
47% from baseline to pre-operatively. There was no significant change in median CRP
from baseline to post-CRT but there was a numerical fall of 33% from baseline to pre-

operatively.

98



Table 2.5 Median change in blood parameters between baseline to following neoadjuvant

therapy and from baseline to pre-operatively. Percentage changes in parenthesis.

Absolute Change between time points

Baseline to post CRT Baseline to pre-op
WBC (10°L)

-2.5 (—35) -2.1 (—28)
n=221
Neutrophils (10°L)

-1.4 (-30) -0.9 (—20)
n=221
Lymphocytes (10°L)

-1.1 (-61) -0.9 (-50)
n=221
NLR

1.8 (+75) 1.3 (+47)
n=221
CRP (mg/L)

0.0 (0) -0.9 (-33)
n=109
Albumin (g/L)

-2.0 (-5) 0.0 (0)
n=220
CEA (ug/L)

-0.3(-9) NA
n=112

CRT chemoradiotherapy; WBC total white cell count; NLR neutrophil to lymphocyte

ratio; CEA carcinoembryonic antigen; CRP C-reactive protein.
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Figure 2.2.1 White Cell count (WCC) over time

WCC at 3 time points
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Figure 2.2.4 Neutrophil to lymphocyte ratio (NLR) over time

NLR at 3 time points
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Box plot of serum markers prior to and following neoadjuvant therapy. P value denotes

Kruskal Wallis testing for difference in medians between 3 time points.
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Figures 2.3 shows the proportion of patients with an elevated mGPS increased immediately
following CRT and returns to near baseline pre-operatively. The proportion of patients
with an mGPS of 1 appears static across time points. Those with a mGPS of 2 increases
during CRT and returns to near baseline preoperatively. Figure 2.4 shows the proportion
of patients with an elevated NLR >3 increases immediately following CRT and remains
higher pre-operatively compared to baseline (Figure 2.4). In Table, 2.7, the temporal
changes in systemic inflammatory parameters are considered as categorical variables (e.g.
fall, rise, static etc, as defined in the methods section above). The proportion of patients
with an elevated NLR increases from low to high in 43% of patients from baseline to post-
CRT and stays high in 41%. It increases from low to high in 34% from baseline to pre-op
and stays high in 33%. It falls from high to low in only 1% from baseline to post-CRT and

8% from baseline to pre-operatively.

Figure 2.3 mGPS prior to and following neoadjuvant therapy.

Stacked Bar Chart of mGPS priot to and following neoadjuvant therapy

p <0.001 mGPS

100.0% 2

B!

80.0% -0
60.0%
40.0%
20.0%
0.0%

Pre-CRT Post-CRT Pre-Op

Stacked bar chart modified Glasgow Prognostic Score (mGPS) prior to and following

neoadjuvant therapy. P value denotes Chi squared testing.
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Figure 2.4 NLR <3 or >3 prior to and following neoadjuvant therapy
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Table 2.6 Change in CRP, NLR, neutrophil, lymphocyte, white cell counts prior to and

following neoadjuvant therapy. Numbers in parenthesis indicate percentages.

Baseline to Post-

Baseline to Pre-Op

CRT (%) (%)
WCC Fall 130 (59) 106 (47)
Rise 52) 4(2)
Static 86 (39) 115 (51)
n=221 n=225
Neutrophils Fall 76 (34) 55 (24)
Rise 11 (5) 94
Static 134 (61) 162 (72)
n=221 n=226
Lymphocytes | Fall 163 (74) 116 (51)
Rise 1(1) 2(1)
Static 57 (26) 108 (48)
n=221 n=226
NLR Fall 0 3(1)
Rise 35(16) 30 (13)
Static 186 (84) 193 (85)
n=221 n=226
NLR Low - 33 (15) 55 (24)
High >3 Low
Low <3 Iﬁ(l);\lf1 - 94 (43) 77 (34)
High - 91 (41) 75 (33)
High
High - 3(1) 19 (8)
Low
n=221 n=225
CRP Low - 77 (71) 74 (80)
Low
Low - 15 (14) 5(5)
High
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High - 5(0) 8(9)
High

High - 12 (11) 5(5)
Low

n=109 n=92

CRT chemoradiotherapy; WBC total white cell count; NLR neutrophil to lymphocyte

ratio; Hb Haemoglobin; CEA carcinoembryonic antigen; CRP C-reactive protein.

Table 2.11s (located in the appendix) demonstrates most patients developed a high NLR
(=3) or had an NLR which stayed from baseline to following CRT and from baseline to
pre-operatively irrespective of the pathological response measured by pathological tumour
regression. CRP remained low for the majority (74% and 68%) of patents in tumour
response groups from baseline to following CRT. Poor responders had a higher proportion
of patients starting with a high CRP which stayed high or fell to normal during therapy, but
this did not reach statistical significance. This pattern was similar from baseline to pre-
operatively. When the no inflammation at baseline group (no inflammation throughout or
development of inflammation during treatment) and inflammation at baseline group
(inflammation throughout or loss of inflammation during treatment) from baseline to
following CRT are compared, 6.1% in the low group had a poor repones compared 19% of
the high CRP group (p=0.05). mGPS remained low in the majority of patients from
baseline to following CRT and baseline to preoperatively at 74% and 82% respectively in
those with a good response and 68% and 75% respectively in those with a poor response.
A greater proportion of patients with a good response had an increase in mGPS from
baseline to post-CRT (28% vs 12%) but this did not reach statistical significance and was
not observed from baseline to pre-operatively. Changes in mGPS was not associated with

the degree of response.
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Table 2.12s (located in the appendix) demonstrates no significant trends in NLR during
both time intervals irrespective of NAR score. CRP remained low from baseline to
following CRT in 76% and 69% of patients with a low and high NAR score respectively.
CRP also remained low from baseline to pre-operatively for 90% and 78%, for low and
high NAR score respectively but did not reach significance. 5% of patients with a low
NAR score had a high CRP which stayed high or fell from baseline to following CRT. This
was not significant but no patients with a low NAR score had a high CRP which stayed
high or fell between baseline and pre-operatively, the latter was significant (p=0.047).
mGPS remained low between baseline and post-CRT 76% with a low NAR score and 70%
with a high NAR score. mGPS remained low between baseline and pre-operatively 90%
with a low NAR score and 75% with a high NAR score. Only 5% of patients with a high
mGPS which stayed high or fell from baseline to following CRT had a low NAR. This was
more pronounced with no patients in these groups from baseline to pre-operatively having

a low NAR score but neither reached significance.

Table 2.13s (located in the appendix) demonstrates NLR changes were similar from
baseline to following CRT and baseline remained low across both time intervals in the
majority of patients irrespective of pCR. No patients who had a pathological complete
response had a starting high CRP, but this did not reach statistical significance (p=0.064).
mGPS increased from baseline to following CRT in a 28% of those with a pCR compared
to 12% in those without a pCR but did not reach significance (p=0.145). This was not

observed between baseline and pre-operatively.
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2.4 Discussion

The aim of this chapter was to investigate the relationship between biomarkers of systemic
inflammation at 3 time points around treatment and response to neoadjuvant therapy. My
secondary aim was to investigate if temporal changes in these parameters were associated
with treatment response. This was a large cohort of neoadjuvant therapy treated rectal
cancer patients and given 20% of patients had pathological complete response (pCR) the
cohort is reflective of a standard locally advanced rectal cancer population [220]. Only 5%
patients had a complete clinical response and were treated non-operatively. This is
reflective of a time where the non-operative management and organ preservation reserved
for patients were unsuitable for surgery or did not wish to have surgery. I hypothesised that
measures of systemic inflammation would be consistently associated with poorer treatment
response. Despite a thorough analysis, I did not observe a strong association between pre
or post treatment measures of systemic inflammation and treatment response. I did validate
the prognostic role of tumour size, pre and post treatment CEA and anaemia in terms of
treatment response. In addition, I have observed consistent changes in circulating

parameters during treatment and after treatment.

During treatment total white cell count, neutrophil count, lymphocyte count, haemoglobin
and albumin decreased following treatment and recovered but not back to baseline
preoperatively. CEA decreased during treatment. NLR and CRP increased during treatment

as did the proportion of patients with an elevated CRP and mGPS.

There were no changes in serum biomarkers which were associated with improved tumour

response / favourable NAR or pathological complete response.

In this study WCC, lymphocyte count, NLR, CRP, mGPS were not associated with tumour

regression grade which differs from a previous negative association between an elevated
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mGPS and elevated NLR being associated with poorer tumour response. [211] In the
Dreyer et al study, there were fewer patients and from an earlier time point where
assessment tumour response grading was variable prior to the implementation of
standardised pathology reporting. [221] A strength of our study is the evaluating
associations with 3 separate measures of treatment response, which take into account
tumour regression, down staging and complete responses. Another difference between
then Dreyer et al study and my current study is the higher clinical node positivity, higher
numbers of clinical stage III patients and that more patients waited >12 weeks for surgery
from the end of neoadjuvant therapy in my study. To the best of our knowledge, our study
is the first to investigate the relationship between circulating markers of systemic

inflammation and the NAR score.

Characteristics with an independent association with tumour response were CEA;
anaemia; and tumour size. This is in keeping with previous studies which have
demonstrated smaller tumour size and low post treatment CEA are important determinants
of complete clinical and pathological response. [222] [223] Other groups have found using
area under curve analysis that high lymphocyte to CRP ratio; high neutrophil x lymphocyte
counts were associated with good pathological response. This combined with high CD8
tumour infiltrating lymphocyte (TIL) counts were independently associated with an
improved response. Sawada et al found there was no correlation between the circulating
lymphocyte count and tumour CD8 TIL counts, and did not assess NLR influence on

response [224].

Our study demonstrated lower baseline NLR was associated with poorer NAR score. This

is likely a spurious result as multiple comparisons were made in this analysis so the
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potential for a small number of spurious results exists. These results would be
strengthened if there were consistent relationships seen across more measures of response
and more than one or two inflammatory parameters. High baseline NLR has been
associated poorer survival on metanalysis but there was significant difference in NLR cut
off values. [225] Elevated post treatment NLR (>3.23) was independently associated with
lower rates of pCR and elevated baseline NLR (>2.77) was independently associated with
poorer RFS. However, the cut-offs used by Jeon et al, like many have been determined by
ROC analysis rather that more widely accepted values. Jeon et al also identified the
following as negative predictors of pCR: being clinical node positive; elevated CEA;
baseline NLR>2.77; post-treatment NLR >3.23 [226] Meanwhile other studies have
demonstrated improved survival but no difference in pCR with an NLR cut off of 2.3.
[227] This highlights the inconsistencies in the literature due to heterogenous cohorts with
varying tumour size, distance from anal verge, dose of chemoradiation and interval from
completion of CRT to surgery. Mechanisms behind high NLR and poorer tumour response
/ survival in rectal cancer are not understood. Patients with high NLR have been observed
to have higher circulating pro-inflammatory cytokines which result in a tumour
microenvironment with more aggressive tumour growth. Interleukins 1 receptor
antagonists protein, 6, 7, 8, 12, 17, monocyte chemoattractant protein (MCP-1) and platelet
derived growth factor BB (PDGFBB) have been implicated in patients with a higher
circulating NLR. These elevated cytokine levels are associated with increased tumour

macrophage infiltration and an upregulated innate immune system. [170] [228] [229].

This chapter’s results demonstrate consistent changes in NLR increasing from the baseline
to post-CRT and then falls slightly preoperatively. This fall is largely as a result of a
greater fall in lymphocyte counts. The proportion of patient with an elevated mGPS also

increased during treatment. Despite lower CRP trending towards improved treatment
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response, this did not reach significance. Albumin fell during treatment but patients with a
higher albumin post -CRT being associated a good response (TRGO/1) and complete
pathological response. This is reflective of previous studies which have found albumin >35
is associated with pCR but more so in stage III disease. [215] Hypoalbuminaemia is a
recognised marker of poor prognosis as part of the modified Glasgow Prognostic Score in
patients with colorectal and other cancers. Hypoalbuminaemia is likely to reflect the

ongoing systemic inflammatory response. [230] [231] [232]

There was no association identified between changes in the total white cell count, its
constituents, NLR and treatment response. In other studies, assessing changes in NLR,
ROC curves were used to determine an optimal cutoff of 21.5% change from baseline to
pre surgery. Lai et al found NLR change of <21.5% was associated with higher rates of
pCR. In this cohort nearly a third of patients had oxaliplatin based chemotherapy,
independently associated with pCR, considerably higher than in our study. [233] NLR is a
reflection of the balance between pro-tumour and anti-tumour responses. Elevated NLR
could be as a result of the pro-tumour neutrophil activity as the rise in NLR observed in

our study was predominantly from a fall in lymphocytes.

Lower rates of pCR (11 vs 37%) were observed in those with a CEA remaining
consistently high from baseline to post CRT. 85% of those with pCR and 81% of those
with NAR <8 had a consistently low CEA. This is consistent with previous studies which
have demonstrated improved pCR with normal pre-treatment CEA. As elevated CEA has
been associated with larger tumours which have lower rates of pCR, CEA is likely a

representation of disease burden. [156, 234-236]

In my study CEA was only measured at baseline and post-CRT, with no repeat pre-
surgery. Most previous studies have assessed CEA at baseline or pre-operatively. To our

best knowledge this is the first study to assess changes in CEA during treatment. In our
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study we do not have the smoking status which has been associated with mild increases in

CEA. [236]

Good tumour regression and NAR <8 was associated with low CRP at baseline, or which
increased from low to high during treatment suggesting these patients were not
systemically inflamed at baseline but developed this during the course of treatment. This
trend did not reach significance when observing changes from baseline to pre surgery
indicating a level of inflammation in all patients. CRP which started low and remained low
or increased following therapy was associated with lower rates of poor response (TRG 2/3)

compared to patients who started with a high CRP.

This study combined 2 cohorts of patents treated at different time points with differences in
clinical TNM staging and time interval between neoadjuvant therapy and surgery. Just over
half of the patients in our cohort undergoing neo-adjuvant therapy for rectal cancer
underwent sphincter excising TME resections indicating the possibility of more advanced
disease. Having patients from 2008-2014 there would be variations in local reporting of
staging MRI scans across multiple units before standardised reporting was commonplace.
[237] This study used retrospective collection of clinicopathological data with tumour
regression grade not always clearly reported. If resources and time allowed reassessment of
tumour response by a specialist pathologist would have overcome this, however one
positive to this methodology could be the fact that these results are representative of real
world data in routine care. Another limitation to this study was the timing of blood
sampling (which were selected as close to the study time points) and lower number of
patients with CRP data. This introduces variability in timing and thus type 2 error. With a
larger sample size, it would have been informative to study changes in CRP and mGPS
from baseline to post-CRT and then pre-operatively to have a 3 point trend. Systemic
inflammation can also be affected by concurrent infective pathology. Previous studies have

had been heterogeneity in the classification of treatment response. One of the main
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difficulties encountered by studies measuring circulating markers of systemic
inflammation is the selection of which markers to assess. This study in its retrospective
nature only had access to routine serum makers such as the differential full blood count

and biochemistry.

In conclusion, I observed that there is variation in measures of the systemic inflammatory
response across three time points before, during and after neoadjuvant therapy. There was
no apparent relationship between components of the SIR and SIR-based prognostic scores
and treatment response to radiation at each time point. I observed an increase in NLR from
baseline to post-CRT then falling slightly preoperatively. This was due to a predominant
fall in the lymphocyte count during chemoradiotherapy. Treatment related lymphopenia
has been reported as a potential biomarker for response to neoadjuvant therapy which will
be further assessed in Chapter 3. CRP which remained low or fell during treatment was
associated with a favourable NAR score but there was no association between changes in
NLR, CRP or mGPS on tumour response or pCR. Albumin which remained high (>35)
following treatment was associated with improved tumour regression and pCR. CEA
which remained high after treatment was associated with lower rates of pCR and
unfavourable NAR score. I did however observe consistent relationships between
haemoglobin level and CEA level and treatment response. These measures may relate to
tumour size and burden, but anaemic patients may have lower tissue oxygen levels which
could impair RT responses. Anaemia and its impacts on treatment response in rectal

cancer will be further investigated in Chapter 4.
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3 An investigation into the influence of lymphopenia on
response to neoadjuvant chemoradiotherapy in locally advanced

rectal cancer

3.1 Introduction

Lymphopenia is commonly seen following radiotherapy in a variety of solid tumour types.
[185]. In reviews by Menetrier-Caux et al and Venkatessulu et al, lymphopenia at
baseline was associated in poorer progression free survival and disease free survival over a
number of solid tumours. Irradiation of lymphopoietic regions like the pelvis (lumbosacral
bone marrow, iliac vessels, pelvic lymph nodes) may contribute to lymphopenia as will
irradiation of tumour infiltrating lymphocytes within the irradiated field. These studies
were mainly in non-rectal cancer patients. [238] [185] Camian et al demonstrated 35% of
patients with rectal cancer undergoing CRT have grade III / IV lymphopenia at 2 months
with lymphopenia persisting up to 12 months from treatment. [186] Higher peripheral
lymphocyte counts during neoadjuvant therapy have been associated with improved
treatment response. Heo et al demonstrated that total white cell counts, and its subtypes fell
during treatment and recovered afterwards. Despite baseline nor absolute counts being
associated with pCR a sustained lymphocyte ratio of > 0.35 was associated with pCR,
hypothesising this could be a maker of the maintenance of the host immunity during
chemoradiotherapy. [187] Despite improved tumour response from tumour infiltrating T
cells, this has not shown to be directly correlate with circulating lymphocyte counts. Flow
cytometry by Schmidt et al has demonstrated an increase in dendritic cells in patients with
colorectal and breast cancer compared to controls. Kitayma et al demonstrated a baseline
lymphocyte count of < 25.7% was associated with higher rates pathological complete

response. Higher lymphocyte count was also associated with improved overall and disease
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free survival. They also showed the largest fall of white cell subtypes to fall was
lymphocytes. [239]. A smaller study of Grade 2 vs 3-4 lymphopenia by Howel et al
showed no difference in baseline characteristics, overall survival or NAR score but higher

grade lymphopenia was associated with a poorer 2 year progression free survival. [240]

Having observed significant reduction in lymphocyte counts in previous chapters, the aim
in this chapter was understand if treatment-related lymphopenia is associated with
clinicopathological characteristics and also if treatment-related lymphopenia had a
detrimental effect on treatment response. This chapter expands on the previous work with a
specific focus on treatment-related lymphopenia categories enabling a more granular
assessment than the routine thresholds applied in chapter 2. I hypothesise that more
advanced tumours will be associated with increasing treatment-related lymphopenia (TRL)

and a higher grade TRL will be associated with poorer response to neoadjuvant therapy.

3.2 Methods

The same patient database described earlier in systemic inflammatory response chapter
was used to study the effect of pre-treatment and treatment-related lymphopenia on
treatment response. Briefly, all patients had biopsy proven adenocarcinoma of the rectum
with pre-treatment MRI and CT imaging to assess clinical TNM stage. Patients underwent
radiotherapy dose was usually 45Gy in 25 fractions over 5 weeks with 3 patients receiving
a boost to regional nodes (range 32-54Gy). Concomitant chemotherapy was oral
capecitabine, intravenous 5-Flurourcail or capecitabine in combination with irinotecan or

oxaliplatin.

Routine bloods tests taken in the 1-3 weeks before commencing CRT were defined as
baseline bloods. Blood tests taken from the last week radiotherapy to 4 weeks after

completing CRT were defined as post-treatment bloods. Blood tests taken 12-20 weeks
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after commencing CRT and within 2 weeks of surgery were defined as pre-operative
bloods. Blood investigations included full blood count incorporating a differential white
cell count, routine biochemistry, C-reactive protein and carcinoembryonic antigen. All lab
results were grouped according to standard thresholds. Lymphopenia following
neoadjuvant CRT was graded based on severity as per CTCCAE v5 [241]. National Cancer
Institute Common Terminology Criteria for Adverse Event (CTCAE) version 5 is the
common terminology descriptors for adverse events related to medical treatments or
procedures, in this case CRT. Categories were: no (Grade 0), mild (Grade 1), moderate
(Grade 2), severe (Grade 3) and life threatening (Grade 4). These groups were
dichotomised into Grade 0/1 and Grade 2+. Changes between the groups was studied from
the post-CRT and pre-op time points. Neutrophil to Lymphocyte ratio was obtained from
the differential blood count and modified Glasgow prognostic score (mGPS) was
constructed using methods previously described in chapter 2. Briefly, patients were given 1

point for a serum CRP >10 mg/L and a further point if serum albumin <35g/L.

Neoadjuvant rectal (NAR) score, was calculated using clinicopathological parameters as a
measure of long term survival, stratifying patients into low, intermediate and high
risk.[157] MRI T or N downstaging was defined as a reduction in T or N stage on post

treatment imaging compared to pre-treatment assessment.

Pathological tumour response from chemoradiotherapy was defined as per the Royal
College of Pathologist colorectal cancer dataset based on the 4 tier system described by
Ryan et al. [216, 217] Score of 0 if there were no viable cancer cells (complete response).
Score 1 if there were single cells or small groups of cancer cells (near-complete response).
Score 2 if residual cancer with evident tumour regression but more than single cells or
small groups of cancer cells (partial response). TRG 3 if there is extensive residual cancer

with no evidence of tumour regression (poor response). [217] Tumour response was
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dichotomised into good / near complete response (TRG 0/1) and incomplete / poor

response (TRG 2/3).

Statistical analysis was undertaken with using SPSS (version 25.0; IBM SPSS Statistics,
IBM corp, Armonk, NY, USA). Variables were grouped using standard clinical thresholds
or cut offs which have been established in literature. Comparison between groups was

performed with the Chi square test, and Fisher’s exact test was used where n was less than

5.
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3.3 Results

228 patients who had nCRT were identified with differential white cell counts throughout
treatment. As described in the previous chapter and displayed in Figure 3.1, the median
lymphocyte count falling from baseline following CRT and recovering slightly. 91%
patients had a normal lymphocyte count prior to starting therapy. Table 3.1 details this
further with 8% of patients having baseline lymphopenia. Post-CRT only 19% had a
normal lymphocyte count with 81% being lymphopenia. Post-CRT 26% had grade 1
lymphopenia and 55% had grade 2+ lymphopenia with only 1 patient having grade 4
lymphopenia. By the pre-operative time point 61% were lymphopenic and 39% had a
normal lymphocyte count. From the post-CRT to pre-op time point the proportion of grade
1 lymphopenia increased from 26% to 35% whilst the proportion of patients with grade 2

or 3 lymphopenia fell from 55% to 26%.

Figure 3.1 lymphocyte count prior to and following CRT

Lymphocyte Count at 3 time points
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Median lymphocyte count over time from baseline to following CRT and pre-op.
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Table 3.1. Lymphocyte counts and lymphopenia grades prior to and following CRT.

Numbers in parenthesis indicate percentages. P values for chi square testing.

Pre CRT | Post CRT | Pre-OP P value

Lymphocytes | low 19 (8) 179 (81) 138 (61) <0.001

Normal 208 (91) 41 (19) 87 (39)

High 1(0.4) 1(1) 1(0.4)
Lymphopenia | No 209 (92) 42 (19) 88 (39) <0.001

Grade 1 13 (6) 58 (26) 78 (35)

Grade 2 6(3) 76 (33) 51(23)

Grade 3 0 44 (20) 94

Grade 4 0 1(0.4) 0

Table 3.2 indicates the relationship between treatment related lymphopenia at the post-
CRT / Pre-Op time points and markers of inflammation. There was a borderline association
between grade 2+ lymphopenia and mild post-CRT anaemia, and the presence of no
lymphopenia being associated with the absence of anaemia (p=0.058). There was no
association between post-CRT lymphopenia and CRP or changes in mGPS. Post-CRT
Lymphopenia G2+ trended towards an elevated mGPS but did not reach significance
(p=0.167). There was no association between grade of lymphopenia and the grade of
anaemia. The presence of pre-operative G2+ lymphopenia was associated with an elevation
of CRP and mGPS or a consistently elevated CRP and mGPS baseline to pre-operatively
(p=0.051). It was also associated with a lower proportion of patients with a CRP or mGPS
which remained normal during this time (p=0.039). Absence of pre-operative lymphopenia

was associated with normal mGPS (p=0.053).
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Table 3.2 Relationship between lymphopenia and markers systemic inflammation. Percentages within parenthesis. P values indicate chi square testing.

Post-CRT Lymphopenia P value | Pre-Op Lymphopenia P value
No Gl G2+ No Gl G2+
White cell count | <4 2 (45) 8 (14) 35(29) | 0.006 |3(3) 13 (17) 12 (20) 0.007
4-11 39 (93) 50 (86) 84 (69) 83 (95) 65 (83) 46 (77)
>11 1(2) 0 2(2) 1(1) 0 2(3)
NLR 3 21 (50) 10 (17) 5(4) <0.001 | 64 (73) 8 (10) 2(3) <0.001
>3 21 (50) 48 (83) 116 (96) 24 (27) 70 (90) 58 (97)
Anaemia No 32 (76) 39 (67) 65(54) |0.058 | 66(76) 61 (78) 43 (72) 0.885
Mild 8 (19) 14 (24) 48 (40) 19 (22) 16 (21) 15 (25)
Moderate 2(5) 5(9) 8(7) 2(2) 1(1) 2(3)
Albumin <35 10 (24) 16 (28) 43(36) 0267 | 68(79) 50 (69) 51(85) 0.068
>35 32 (76) 41 (72) 76 (64) 18 (21) 23 (31) 9(15)
CRP <10 31 (86) 37 (76) 68(70) | 0.167 | 50 (94) 37 (78) 32 (80) 0.053
>10 5(14) 12 (25) 29 (30) 3(6) 10 (21) 8 (20)
mGPS 0 31 (86) 37 (76) 68(70) | 0.139 | 50 (94) 37 (79) 32 (80) 0.165
1 3(8) 5(10) 6 (6) 1(2) 5(11) 5(13)
2 2(6) 7 (14) 23 (24) 2 (4) 5(11) 3(8)
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Table 3.3 examines the relationship between the lymphopenia grade at the post-CRT and
pre-operative time points and clinicopathological features. There were no significant
associations between lymphopenia and age, gender, BMI, clinical stage, grade of response
on MRI, lymphopenia and resection margin, EMVI or tumour differentiation. The absence
of post-CRT lymphopenia trended towards a non-significant association with pathological
ypTO staging (31% vs 16-18%) p=0.073. There was increased proportion of pathological
ypN2 in the absence of pre-operative lymphopenia but did not reach significance
(p=0.090). There was no association between lymphopenia, radiation dose or type of

chemotherapy.
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Table 3.3. Relationship between lymphopenia and clinicopathological factors. Numbers in parenthesis indicate percentages. P values for chi square testing.

Post-CRT Lymphopenia p Pre-Op Lymphopenia p
No Gl G2+ No Gl G2+
Age (years) <55 7(17) 10 (17) 26 (22) ]0.620 12 (14) 14 (18) 16 (27) 0.121
55-74 27 (64) 34 (59) 77 (64) 55 (62) 51 (65) 38 (63)
>75 8(19) 14 (24) 18 (15) 21 (24) 13 (17) 6 (10)
Sex Female 17 (40) 22 (38) 47(39) ]0.967 34 (39) 29 (37) 24 (40) 0.944
Male 25 (6) 36 (62) 74 (61) 54 (61) 49 (63) 36 (60)
BMI <25 13 (42) 16 (33) 40 (43) |0.272 28 (43) 26 (40) 15 (32) 0.726
25-30 14 (45) 19 (40) 27 (29) 22 (34) 24 (37) 17 (36)
>30 4 (13) 13 (27) 26 (28) 15 (23) 15 (23) 15 (32)
MRI T2 5(2) 50) 54) 0.360 7(8) 4(5) 305 0.588
T3 32 (76) 42 (72) 92 (76) 65 (74) 58 (74) 50 (83)
T4 5(2) 11(19) 24 (2) 16 (18) 16 (21) 7(12)
MRI NO 14 (33) 16 (28) 32(26) |0.690 27 (31) 21 (27) 16 (27) 0.820
N1/N2 28 (67) 42 (72) 89 (74) 61 (69) 57 (73) 44 (73)
<5 (low) 24 (59) 22 (39) 43 (38) |0.244 42 (48) 29 (41) 20 (35) 0.094
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Tumour Height | 5— 10 (mid) | 11(27) |23 (40) | 45 (40) 3136) | 22(31) |28 (49)
from anal verge
(cm) >10 (upper) | 6 (15) 1220|2421 14(16)  |2028) | 9(16)
Tumour Size | <4 1127 |9(16) 15(13) 0324 |1821) |11 (15) |509 0.340
47 27(66) | 42(74) | 88(75) 61(71) | 55(73) | 46(79)
>8 3(7) 6 (10) 14 (12) 7(8) 9 (12) 7(12)
TNM Stage I 205 1Q2) 22 0770 |20 203) 1Q2) 0.970
il 1229 |15(26) | 30(25) 25028) | 19024 | 15025
1 28(67) | 42(72) | 89(74) 61(69) |57(73) | 44(73)
MRI EMVI No 8 (53) 1444 | 16(30) |0.190 |10(26) | 1845 |10(43) |0.161
Yes 7 (47) 18(56) | 37(70) 2974 2255 | 13(57)
MRIResponse | MRTRG 0/1 | 17(55) | 13(36) |36 (47) | 0546 |29(50) |25(50) | 11(31) | 0.190
gﬁ? eSS I TRG 2 [1135)  [20(56) |36 @7) 23(40) | 22(a4) |23 (34)
MRTRG3 |3 (10) 3(8) 5(6) 6 (10) 3(6) 23 (34)
Pathological T | ypTO 33D |9(16) 2(18) 0073 |2023) | 17(22) |8(13) 0.268
staging ypT1 0 203) 9(7) 303) 5(6) 4(7)
ypT2 5(12) 16 (28) | 17 (14) 16(18) |11(14) | 13(22)
ypT3 2(52)  |29(50) | 62(51) 46(52)  |36(46) | 33(55)
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ypT4 265) 203) 11(9) 303) 9(11) 203)
Pathological N | ypNO 31(74) | 38(65) | 89(74) |0.664 |63(72) |55(71) | 44(73) | 0.090
staging ypN1 7(17) 16 (28) | 24 (20) 14(16) | 20(26) | 14(23)

ypN2 4(10) 4(7) 8 (7) 11(12) |34 2(3)
Resection RO 35(83) | 51(88) | 106(88) |0.750 |76(86) | 68(87) |53(88) | 0.940
Margin R1 (<lmm to | 7 (17) 7(12) 15 (12) 12(14)  |10(13) | 7(12)

CRM)
EMVI No 26(68) |37(67) | 91(78) |0216 |359(71) |54(73) | 46(81) |0.419

Yes 1232)  |18(33) | 25(22) 24(29) | 20227) | 11(20)
Tumour Well, / 35(95) | 46(90) | 103(92) |0.754 |70(90) |66(93) |52(93) |0.727
differentiation Moderate

Poor 2(5) 5 (10) 9(8) 8 (10) 5(7) 4(7)
Type of Capecitabine | 23 (88) | 40(83) | 82(89) | 0435 |57(81) | 47(87) 45(96) | 0258
§§2$§§§§apy 5FU 2(3) 8 (17) 809 (e |6(1) 0

other 1@ 0 20) 203) Q) 0
Radiotherapy | <45Gy 0 2(4) 6(5) 0573 | 4(5) 12 3(6) 0.541
dose 435Gy 37(100) | 46 (94) 101 (93) 7292)  |65097) | 50(%)

~45Gy 0 Q) 20) 203) Q) 0
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Table 3.4 demonstrates the relationship between lymphopenia and markers of treatment
response. Higher number of pCR were observed in the absence of post-CRT lymphopenia
but this did not reach significance. Absence of Pre-Op lymphopenia or Grade 1
lymphopenia trended towards NAR <8 but did not reach significance. No other
relationship between lymphopenia (including grade) following treatment and tumour
response, pCR, NAR score was observed. Between the post-CRT and pre-op time point
most patients had a normal lymphocyte count or had mild lymphopenia (n=89 41%) This
was followed by patients moving from Grade 0/1 to Grade 2+ (n=71 32%), then by
patients staying in Grade 2+ at both time points (n=49 (22) and finally by patients moving
from Grade 2+ to Grade 0/1 (n=10 5%). There was however no association between these

groups and any measure of treatment response.
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Table 3.4 Relationship between lymphopenia and treatment response measured by tumour regression grade, pathological complete response and NAR score

(NAR<8 good prognosis; NAR >8 intermediate / poor prognosis). Numbers in parenthesis indicate percentages. P values for chi square testing.

Tumour Response pCR NAR
Good (TRG Poor (TRG | P value Yes No P value | <8 >8 P value
0/1) 2/3)
Post-CRT Low 60 (78) 110 (83) 0.467 31(71) 148 (84) | 0.101 13(26) |28(16) |0.270
lymphocyte
count Normal 17 (22) 22 (6) 13 (29) 28 (16) 37(74) | 142 (83)
High 0 1(1) 0 1(1) 0 1(1)
Post-CRT No 17 (22) 23 (17) 0.609 13 (30) 29 (16) | 0.061 13(26) [29(17) |0.152
lymphopenia
Gl 20 (26) 34 (26) 9(21) 49 (28) 11(22) |47(28)
G2 25 (33) 48 (36) 15 (34) 61 (35) 18 (36) | 58(34)
G3 14 (18) 28 (21) 6 (14) 38 (22) 7 (14) 37 (22)
G4 1(1) 0 1(2) 0 1(2) 0
Post-CRT No /Gl 37 (48) 57 (43) 0.455 22 (5) 78 (44) | 0.479 24 (48) | 76(44) |0.657
lymphopenia
G2+ 40 (52) 76 (57) 22 (50) 99 (56) 26 (52) | 95(56)
Low 48 (59) 84 (63) 0.628 25 (56) 113 (62) | 0.593 29 (56) | 109 (63) | 0.553
Normal 33 (41) 49 (37) 20 (44) 67 (37) 23 (44) | 64 (37)
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Pre-OP High 0 () 0 1 0 1
lymphocyte
count
Pre-OP No 33 (41) 50(37) | 0.858 20 (44) | 68(38) |0.635 |23 (44) |65(37) |0.383
lymphopeni
YIPROPEma ey 28 (35) 49 (36) 16 (36) | 62 (34) 2039) | 58 (33)

G2 18 (22) 29 (22) 7(16) | 44 (24) 8(15) | 43 (25)

G3 22) 6(4) 24 7 (4) 12 |80
Pre-Op No /Gl 61 (75) 99 (74) | 0.816 36(80) | 130(72) | 0266 |43 (83) | 123 (71) | 0.085
lymphopeni
YIPROPEMa mes + 20 (25) 35 (26) 9 (20) 51(28) 9(17) | 51(29)
Lymphopenia | GO0/1 static 32 (42) 52 (40) 0.564 20 (46) 69 (39) 0.708 22 (44) 22 (44) 0411
change from
ot CRT t | GO0 G2+ | 26 (34) 44 (34) 5024 5602 5231 | 1939)
Pre-Op G2+ t0 GO/l |5(7) 4(3) 2 (4) 8 (5) 8(5) 24

G2+ static 14 (18) 31 (24) 7(16) 42 (24) 2025 |7 (14

127



3.4 Discussion

This study demonstrates the majority of patients develop lymphopenia during neoadjuvant
treatment which reduces by the preoperative time point. The severity / grade of
lymphopenia (G2+) peaks post-CRT at 55% but reduces to 26% pre-operatively. This is in

keeping with earlier literature in rectal cancer. [186]

There was a trend towards post-CRT lymphopenia being associated with mild anaemia and
the absence of lymphopenia trending towards the absence of anaemia, but this did not
reach significance. There was no clear association between post-CRT lymphopaenia,
clinicopathological factors nor markers of systemic inflammation. However, pre-operative
lymphopenia (G2+) was associated with an elevated CRP and mGPS. The absence of pre-
operative lymphopenia was associated with a normal mGPS. Our study did not

demonstrate a clear relationship between lymphopenia and treatment response.

The relationship between radiation and lymphopenia is considered to be multifactorial with
a subset of patients having a persistent chronic lymphopenia which lasts for years
following treatment. A potential hypothesis is these patients lose circulating lymphocytes
and those in reservoir organs (particularly bone marrow), and lack the homeostatic rise of

cytokines IL-7 and IL-15 required for clonal expansion. [185]

In our study, there was only 1 patient with grade 4 lymphopaenia. Grades 2 and 3 were
grouped together as only 20% had grade 3 lymphopenia following CRT, and 4%
preoperatively. It is possible an association with treatment response was not observed here
due to weakening the signal with this combination. Heo et al observed a sustained
lymphocyte ratio of > 0.35 at 4 weeks was associated with pCR. [242] It is possible that we
did not observe the same results as we assessed the lymphopenia over longer intervals of
time (post-CRT included values from last week of radiotherapy to 4 weeks after

radiotherapy and Pre-Op from 12-20 weeks after commencing radiotherapy). A further
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limitation to our study was assessment of total lymphocyte count from peripheral blood
and not obtaining the differential lymphocyte count. Tada et al have previously shown
patients with a higher pre-CRT T lymphocyte, helper T lymphocytes and B lymphocyte
counts were associated with improved response to chemoradiotherapy. Reduction in these
counts were observed with chemoradiotherapy, but post-CRT levels of lymphocyte types
were not associated with treatment response. Liu et al have shown a high absolute
lymphocyte count nadir following CRT has shown to be associated with improved
response. This was also associated with increased CD4+ helper T Cell, CD8+ cytotoxic T

cell and CD68+ macrophage counts with resection specimens. [223]

Additionally, tumour infiltrating lymphocytes (cytotoxic CD8 + and regulatory CD4+
TILs) have a major role in tumour control within the tumour microenvironment. The
relationship between circulating lymphocyte counts and tumour infiltering lymphocytes is
complex and not well understood. Sawada et al did not identify any correlation between
CD8+ TIL density and peripheral lymphocyte counts. [214] Therapeutic interventions such
as T cell based immune checkpoint inhibitors aim to target negative co-stimulation
receptors such as CTLA4, PD-1 and PD-L1 to prevent T cell exhaustion and tumour cells

attenuating T cell activation. [243]

In summary despite a significant proportion of patients developing lymphopenia following
chemoradiotherapy, this was not associated with treatment response. Following on from
this I believe the way to understand these changes in depth was to have a standardised
sampling protocol for patients undergoing neoadjuvant therapy assessing the markers of
systemic inflammation already discussed in this and previous chapters but also combining
this with tumour sampling to better understand the relationship between the local tumour
microenvironment, systemic inflammation and treatment response. This is assessed in the
Pilot Study in Chapter 6. The next chapter further investigates the association between

anaemia and treatment response developing from the observations presented in chapter 2.
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4 An investigation into the influence of anaemia on response to

neoadjuvant chemoradiotherapy

4.1 Introduction

The antitumour activity induced by radiation is believed to be via the production of oxygen
producing free radicals. Hypoxia reduces the availability of these free radicals and thus
reduces radiation induced DNA damage. Anaemia reduces the oxygen carrying capacity of
blood and liked to intratumoural hypoxia. The relationship between tissue hypoxia and
resulting radioresistance is well documented in solid tumours of the head, neck and cervix.
[244] [245]. Tumour hypoxia also results in genomic instability and mutations which result
in neoplastic progression and angiogenesis which results in more aggressive tumours and

distant metastases. [246] [247]

Walter and colleagues found a third of patients undergoing neoadjuvant CRT were
anaemic at baseline and experienced a decline in haemoglobin during treatment. Pre-
treatment anaemia was less likely to be associated with improved tumour regression. [248]
This group further demonstrated a mild level of anaemia (Hb<12g/dL) was associated with

tumour regression and mortality rates. [249]

Lee and colleagues found baseline anaemia was associated with more advanced clinical T
stage, clinical nodal presence and lower rates of sphincter preserving surgery. Khan and
colleagues described baseline haemoglobin being inversely related to the length of rectal
cancer and clinical T stage but not related to clinical N stage, distance to anal verge or
baseline CEA. Both groups found anaemia was associated with lower rates of pathological

complete response. Despite anaemia being associated with increase local recurrence Lee et
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al did not find this affected overall or disease specific survival [250] On the contrary other

groups found anaemia was associated with poorer overall survival. [251] [252, 253]

Bong et al demonstrated a higher rate of poor response and non-complete response in in
the presence of anaemia (Hb<9 g/dL) as well as those who underwent transfusion for
anaemia before or during neoadjuvant chemoradiotherapy for rectal cancer. [254] However
Rodrigues et al found anaemia (<13gL for males and <12 for females) was associated with

poorer cancer specific and overall survival, especially in those aged over 75 years. [255]

McGrane et al reported poor tumour regression and higher mortality rates in the presence
of anaemia (Hb <12g/L). [249] Berardi and colleagues demonstrated that Hb >12g/dL was
associated with improved tumour downstaging and improved disease free but not overall
survival. It was not clear if anaemia was the cause of adverse prognosis or a marker of
more advanced tumours [256] Anaemia (mild & severe) has previously been linked to

tumour necrosis which was associated with poorer cancer specific survival. [257]

Our group has previously assessed the impact of anaemia on neoadjuvant chemotherapy in
oesophagogastric cancers finding 34% patients were anaemic at baseline and 59% pre-
operatively. Anaemia was associated with increased clinical N staging, higher mGPS,
higher intraoperative transfusion and poorer overall survival. [254] McSorley et al has
previously described the association between normocytic anaemia, systemic inflammation

and poorer survival in patients with colorectal cancer undergoing surgery. [258]

The literature has concentrated anaemia at baseline or pre-op anaemia and its relationship
with treatment response. Little is known about whether development of anaemia during or
after pelvic chemoradiation is associated with treatment response. Nor is it clear why
anaemia may develop to a greater extent in some patients. In this chapter I aimed to
investigate the presence of anaemia and development of anaemia at the three time points

(baseline / post-CRT / pre-op). Specifically, I aim to identify any association between the
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development of anaemia and treatment response, allowing its utilisation as a biomarker of
response. My hypothesis is baseline anaemia or the development of anaemia during

neoadjuvant therapy is associated with poorer treatment response.

4.2 Methods

The same patient database described earlier (in chapter 2), the systemic inflammatory
response chapter, was used to study the effect of anaemia on treatment response. All
patients had biopsy proven adenocarcinoma of the rectum with pre-treatment MRI and CT
imaging to assess clinical TNM stage. Radiotherapy dose was usually 45Gy in 25 fractions
over 5 weeks with 3 patients receiving a boost to regional nodes (range 32-54Gy).
Concomitant chemotherapy was oral capecitabine, intravenous 5-Flurourcail or

capecitabine in combination with irinotecan or oxaliplatin.

Routine bloods tests taken in the 1-3 weeks before commencing CRT were defined as
baseline bloods. Blood tests taken from the last week radiotherapy to 4 weeks after
completing CRT were defined as post-treatment bloods. Blood tests taken 12-20 weeks
after commencing CRT and within 2 weeks of surgery were defined as pre-operative
bloods. All lab results were grouped according to standard thresholds of normal as per the
local laboratory values. Anaemia in was defined as <130g/dL in men and <115g/dL as per
the local laboratory values. If was further categorised as per National Cancer Institute
Common Terminology Criteria for Adverse Event (CTCAE) version 5. This is the
common terminology descriptors for adverse events related to medical treatments or
procedures, in this case CRT. Grading is based on severity: grade 1 / mild low normal to
100 g/dL; grade 2 / moderate 100 — 80 g/dL; grade 3 / severe 80 — 65 g/dL; grade 4 / life
threatening <65 g/dL. [259] m(GPS) and NAR score were calculated as previously

described. MRI T or N downstaging was defined as a reduction in T or N stage on post
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treatment imaging compared to pre-treatment assessment. Pathological tumour response
from chemoradiotherapy was as previously described. Tumour response was dichotomised

into good / near complete response (TRG 0/1) and incomplete / poor response (TRG 2/3).

Statistical analysis was undertaken with using SPSS (version 25.0; IBM SPSS Statistics,
IBM Corp, Armonk, NY, USA). Variables were grouped using standard clinical thresholds
or cut offs which have been established in literature. Comparison between groups was

performed with the Chi square test, and Fisher’s exact test was used where n was less than

5.
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4.3 Results

Table 4.1 demonstrates 77% of patients were not anaemic at baseline but this fell to 61%

post-CRT returned to 76% pre-operatively. The proportion of patients with mild anaemia

increased from 20% at baseline to 32% post-CRT before returning to 22% pre-operatively.

Moderate anaemia also increased from a baseline 3% to 7% post-CRT and returned to 2%

pre-operatively. Median time from pre-CRT to post-CRT was 5 weeks, post-CRT to pre-

op was 11 weeks and pre-CRT to pre-op was 17 weeks.

Table 4.1 Presence and grade of anaemia prior to and following CRT. P values for Chi

squared testing.

Anaemia grade Pre CRT Post CRT Pre Op

No Anaemia 177 (77) 136 (61) 170 (76) <0.001
(Grade 0)

Mild Anaemia 45 (20) 70 (32) 50 (22)

(Grade 1)

Moderate 6 (3) 15(7) 512)

Anaemia

(Grade 2)

CRT Chemoradiotherapy; No Anaemia >130g/dL men / >115g/dL women; Mild Anaemia

100-130g/dL men / 100-115g/dL women; Moderate Anaemia 100 — 80 g/dL
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Table 4.2 demonstrates the relationship between the grade of anaemia during therapy and
clinic-pathological factors. There was no relationship between age, gender, BMI and grade
of anaemia. Clinical T4 tumours were associated with moderate anaemia following therapy
but this was not observed at other time points. At the pre-operative stage moderate anaemia
was associated with clinical node negative status (80% vs 25% p=0.011) and stage II
disease (90% vs 23% p=0.034 which was not present at previous times. EMVI on MRI was
more trended towards mild anaemia before and after therapy but did reach significance
preoperatively. Before therapy and pre-operatively moderate anaemia was more common
in those with no EMVI on MRI. Moderate anaemia was more common in low rectal
cancers, but this was not significant. Smaller tumours were least associated with moderate
anaemia before and after therapy. There were no patients with moderate pre-operative
anaemia who had ypT0-2 cancers. There was no relationship between anaemia and
pathological nodal staging. There was no relationship between grade of anaemia and
resection margin nor tumour differentiation. The relationship between pathological EMVI
and anaemia was not clinically clear with more patients with moderate anaemia before
therapy or pre-operatively being associated with pathological EMVI. There was no

relationship between the type of neoadjuvant chemotherapy used and anaemia.
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Table 4.2. Relationship between clinic-pathological factors and the grade of anaemia. P values from Chi squared testing.

Pre CRT p Post CRT p Pre Op p
No Mild | Mode No Mild Mode No Mild | Modera
rate rate te
Age (years) <55 33(19) | 10 1(17) 0982 |27(20) | 1521) | 1(7) 0.582 [33(19) | 7(14) | 1(20) 0.711
(22)
55-74 112 28 4 (67) 87 (64) |40(57) | 11 110 31 3 (60)
(63) (62) (73) (65) (62)
>75 32(18) | 7(16) | 1(17) 22 (16) | 15(21) | 3(20) 27 (16) |12 1(20)
(24)
Sex Female 68 (38) | 18 2(33) | 0947 | 56(41) | 22(31) [ 8(53) | 0.196 |71 (42) |14 2 (40) 0.213
(40) (28)
Male 109 27 4 (67) 80 (59) | 48(69) | 7(47) 99 (58) | 36 3 (60)
(62) (60) (72)
BMI <25 50 (36) | 20 0 0.046 |37 (36) |25(46) | 7(54) | 0.186 |52(39) | 16 1(50) 0.646
(56) (41)
25-30 49 (36) | 10 4 (80) 37(36) | 17(31) | 6 (46) 45 (33) | 16 1(50)
(28) (41)
>30 39(29) | 6(17) | 1(20) 30(28) | 13(19) | O 38(28) | 7(18) | 0O
MRI T2 14 (8) 1(2) 0 0.154 |12 (9) 3(4) 0 0.027 | 10 (6) 24 1(20) 0.385
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T3 137 31 [5(83) 102 ]56(80) |8(53) 134 [36 |3(60)
an |9 (75) 79 | (72)
T4 26 (15) | 13 1(17) 22(16) | 11(16) | 7 (47) 26(15) |12 | 120
(29) (24)
MRI NO 48(27) |13 |3(50) | 0467 | 40(29) | 16 (23) | 6 (40) | 0.346 | 42(25) | 18 | 4(80) |0.011
(29) (36)
NI/N2 128 |32 |3(50) 96 (71) | 54 (77) | 9 (60) 128 |32 |10
@3y | 75) | (64)
Tumour <5(low) |76 (44) |13 | 4(67) | 0.142 | 58 (44) | 22(34) | 9(64) | 0287 | 64(39) |23 | 4(80) |0.305
Height from (33) (50)
anal verge
(cm) 5-10 65(38) |14 |2(33) 50 (38) |26 (41) | 3 (21) 64 (39) | 15 1(20)
(mid) (35) (33)
>10 (upper) |30 (17) |13 |0 24 (18) | 16 (25) | 2 (14) 35(22) |8(17) | 0
(33)
Tumour Size | <4 28(16) | 7(15) | 0 0.024 | 24(18) | 9(13) |2(13) | 0.018 |24(15) |9(19) | 1(20) | 0.438
47 132 26 |5(83) 102(77) | 46 (69) | 9 (60) 126 |31 | 4(30)
(77) (61) (76) (65)
>3 127 |10 |137) 7G) | 12(18) |4(27) 1509 [8(17) |0
(23)
Clinical TNM_ | 1 42) (12 |o 0.737 |4(3) |1(1) |0 0534 |3(2) |24 |o 0.034
Stage I 4425 |12 |3(50) 36 27) | 15 (21) | 6 (40) 3923) |16 | 4(80)
7 (32)
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111 129 32 3 (50) 96 (71) | 54 (77) | 9 (60) 128 32 1 (20)
(73) (71) (75) (64)
MRI EMVI No 33(42) |3(16) | 3(60) | 0.064 |26(45) |9(25) |3(50) |0.129 |30(42) |4(16) |3 (75 0.019
Yes 46 (58) | 16 2 (40) 32(55) | 27(75) | 3(50) 42 (58) |21 1(25)
(84) (84)
MRI Response | MR TRG 51(44) |16 0 0.192 | 38(41) | 22(49) | 6(86) | 0.178 |50(46) |13 2 (50) 0.645
MRI 0/1 (53) (42)
Regression
Grade MR TRG 2 | 54 (47) | 14 0 45 22.(47) | 1(14) 52 (48) |15 1(25)
(47) (48.9) (48)
MR TRG3 | 11(10) | O 0 99 2(4) 0 7 (6) 3(10) | 125
Pathological T | ypTO 41(23) (409 |0 0.010 [ 33(24) [9(13) [2(3) |0.097 [38(22) |7(14) |0 0.679
staging ypT1 2(7) |0 0 8 (6) 3(4) 0 10(6) [24) |0
ypT2 35(20) |5(11) |0 25(18) | 13(19) |0 30(17) | 8(16) | 1(20)
ypT3 78 (45) | 31 6 64 (47) |37(53) | 12 83(49) |29 3 (60)
(69) (100) (80) (58)
ypT4 10(6) |5(11) |0 6 (4) 8 (11) 1(7) 9(5 4(8) |1(20)
Pathological N | ypNO 129 29 5(83) | 0.660 | 101 47 (67) | 10 0.627 | 119 40 3 (60) 0.497
staging (73) (64) (74) (67) (70) (80)
ypN1 37(21) | 11 1(16) 29 (21) | 14 (20) |4 (27) 39(23) |7(14) | 1(20)
(24)

138



ypN2 11(6) |5(11) |0 6(4) 9 (13) 1(7) 12(7) [3(©) |1Q0)
Resection RO 158 38 5(83) | 0.626 | 121 61(87) | 12 0.591 | 152 42 4 (80) 0.501
Margin (89) (84) (89) (80) (89) (84)
Rl (SImm | 19(11) | 7(16) | 1(17) I15(11) [9(13) |3(20) 18 (11) | 8(16) | 1(20)
to CRM)
EMVI No 33(42) | 3(15) | 3(60) | 0.064 |26(45) [9(25) |3(50) |0.129 |30(42) |4 (16) |3 (75 0.019
Yes 46 (58) | 16 2 (40) 32(55) | 27(75) | 3(50) 42 (58) |21 1(25)
(84) (84)
Tumour Well, / 146 41 3(75) | 0320 | 112 61(90) | 11 0.474 | 140 42 5(100) |0.791
differentiation | Moderate 91) (95) (93) (100) (92) 91)
Poor 1409) (205 |1(25 9(7) 7(10) |0 138 (409 |0
Chemotherapy Capecitabine | 116 (88) | 31 3(75) | 0712 | 87(87) |48(89) |10 0.651 112 (90) | 32 4 (100) 0.358
(86) (83) (78)
5-FU 13(10) | 5(14) [1(25) 10(10) [6(11) |2(17) 11(9) |[8(20) [0
Other * 3(2) 0 0 303) 0 0 2(1) 1(2) 0

No Anaemia >130g/dL men / >115g/dL women; Mild Anaemia 100-130g/dL men / 100-115g/dL women; Moderate Anaemia 100 — 80 g/dL

BMI body mass index; TNM American Joint Committee Cancer (AJCC) TNM system; EMVI extramural vascular invasion; RT radiotherapy; CRT

chemoradiotherapy; 5-FU Fluorouracil; * chemotherapy other: 1 Capecitabine & Irinotecan (Aristotle Study Intervention arm); 2 Xelox (Oxaliplatin &

Capecitabine)
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Table 4.3 Relationship between grade of serum markers of the systemic inflammatory response and anaemia. P values indicate chi square testing.

Pre CRT p Post CRT p Pre Op p
No Mild | Mode No Mild Mode No Mild | Modera
rate rate te
White cell <4 4(2) 12 |0 0.637 |21 (15) |21(30) |3(20) |0.179 |20(12) | 6(12) |2 (40) 0.341
count (10°L)
4-11 157 37 6 113 48 (69) | 12 147 44 3 (60)
(89) (82) (100) (83) (80) (86) (88)
>11 16 (9) 7(16) |0 2(2) 1(1) 0 3(2) 0 0
NLR <3 113 18 2(33) | 0.007 |24 (18) | 11(16) | 1(7) |0.544 |53(31) |18 2 (40) 0.762
(64) (40) (36)
>3 64 (36) | 27 4 (67) 112 59(84) | 14 117 32 3 (60)
(60) (82) (93) (69) (64)
Albumin (g/L) | <35 25(14) |18 4(67) |<0.001]26(19) [30(43) |13 <0.001 | 27 (16) |21 2(40) | <0.001
(40) (87) (44)
>35 151 (86) | 27 2 (33) 108(81) | 39(67) | 2(13) 138 (84) | 27 3 (60)
(60) (56)
CRP (mg/L) <10 80 (87) | 24 2(40) | 0.019 |88(81) |44(73) |4(31) |<0.001 | 88(90) |27 3(100) |0.018
(80) (71)
>10 12(13) | 6(20) |3 (60) 21(19) | 16(27) |9 (69) 10 (10) | 11 0
(29)
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TRL No 38(22) |49 |0 0.207 |32(23) |8(11) [2(13) |0.058 |66(39) |19 2 (40) 0.885
(38)
Grade 1 44 (26) | 12 2(33) 3929) | 14(20) | 5(33) 61 (36) |16 1 (20)
(27) (32)
Grade 2 + 88 (52) |29 4 (67) 65 (48) | 48 (69) | 8(53) 43 (25) |15 2 (40)
(64) (30)
mGPS 0 80 (87) |24 2(40) | 0.011 |88(81) |[44(73) |4(31) |<0.001 | 88(90) |27 3(100) | 0.072
(80) (71)
1 8 (9) 1(3) |10 9 (8) 4(7) 1(8) 6 (6) 5(13) |0
2 4 (4) 5(17) |2 (40) 12(11) | 12(20) | 8(61) 4 (4) 6(16) |0

No Anaemia >130g/dL men / >115g/dL women; Mild Anaemia 100-130g/dL men / 100-115g/dL women; Moderate Anaemia 100 — 80 g/dL

RT radiotherapy; WCC total white cell count; NLR neutrophil to lymphocyte ratio; CRP C-reactive protein; TRL treatment related lymphopenia; mGPS

modified Glasgow prognostic score.
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Table 4.3 demonstrates the relationship between markers of systemic inflammation and
grade of anaemia at each time point. A larger proportion of patients with NLR >3 had mild
or moderate baseline anaemia. This was not observed at post CRT or pre-operatively. There was
an association between hypalbuminaemia, CRP, mGPS and grade of anaemia across all 3 time
points. Treatment related lymphopenia (post-CRT) trended towards an association to the grade
of post-CRT anaemia. There was no association between white cell count and grade of anaemia

at any time point.

Table 4.4.1-4.4.3. undertakes univariate and multivariate analysis of previously demonstrated
significant clinical characteristics, marker of systemic inflammation and the likelihood of
anaemia at each time point. On univariate analysis larger tumour (=8cm), more advanced
pathological T stage (ypT3/4), hypoalbuminemia, post-CRT CRP >10 and post-CRT
mGPS (2) were associated with baseline anaemia. Baseline CRP>10 and elevated mGPS
(2) trended towards a positive association with anaemia but did not reach significance.
Only tumour size, pathological T stage, baseline and post CRT hypoalbuminemia, and

baseline mGPS were independently associated with baseline anaemia.

On univariate analysis larger tumour size, advanced pathological T stage, post-CRT and
pre-op hypoalbuminemia, elevated CRP and elevated mGPS was associated with post-CRT
anaemia. Only baseline hypoalbuminemia was independently associated with post-CRT

anaemia.

There were no clinical characteristics associated with pre-operative anaemia. Pre-operative
anaemia was associated with post CRT and pre-operative hypoalbuminemia, elevated CRP
and an mGPS of 2. Only pre-operative hypoalbuminemia was independently associated

with pre-operative anaemia. There was no association between elevated NLR and anaemia

at any time point.
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Table 4.4.1 Univariate and Multivariate binary logistic regression assessing relationship

between clinical factors, markers of systemic inflammation and pre-CRT anaemia. Odds

ratio and 95% confidence interval in parenthesis.

Pre-CRT Anaemia

Univariate Analysis

Multivariate Analysis

Hazard Ratio P Hazard Ratio P
value value
BMI <25 1
25-30 0.67(0.30-1.46) 0.311
>30 0.42(0.16-1.09) 0.074
Tumour Size <4, 1
(cm) 4-7 0.98(0.39-1.43) 0.960 |1.46(0.29-7.33) | 0.643
>8 4.79(0.03-3.67) 0.029 5.21(0.76-35.86) | 0.093
Clinical TNM | I 1
I 1.36(0.14-13.18) | 0.789
11 1.13(0.12-10.38 0.917
Pathological T | ypTO 1
stage ypTl |0 0.999 [0 0.999
ypT2 1.46(0.37-5.88) 0.591 [3.44(0.38-30.84) | 0.269
ypT3 4.80(1.60-14.40) | 0.005 [9.34(1.77-48.28) | 0.008
ypT4 6.83(1.59-29.32) | 0.010 [3.45(0.29-40.81) | 0.325
Pathological No 1
EMVI Yes 1.26(0.63-2.53) 0.516
Pre-CRT NLR | No 1
Yes 1.46(0.84-2.52) 0.176
Post-CRT NLR | <3 1
>3 1.93(0.61-2.77) 0.490
Pre-Op NLR <3 1
>3 0.70(0.39-1.24) 0.217
Pre-CRT >35 1 1
Albumin (¢/L) <35 4.96(2.44-10.07) | <0.001 [3.71(1.18-11.62) | 0.025
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Post-CRT >35 1
Albumin (@L) 11 36238-7.98) | <0.001 5.38(1.62-17.84) | 0.006
Pre-Op >35 1
Albumin (/L) =3 227(1.18-439) | 0.014 [0.66(0.14-3.02) | 0.493
Pre-CRT CRP | <10 | 1
(mg/L) >10 | 2.65(0.98-7.21) | 0.056 |1.75(0.44-6.96) | 0.425
Post-CRT CRP | <10 1
(mg/L) >10 | 2.18(1.11-430) | 0.024 [0.91(0.12-6.72) | 0.927
Pre-Op CRP <10 1
(mg/L) >10 1.71(0.66-444) | 0273
Pre-CRT 0 1
mGPS 1 1.79(0.45-7.05) | 0.408

2 3.81(0.95-1521) | 0.058 |4.89 (0.65-37.03) | 0.124
Post-CRT 0 1
mGPS 1 1.02(0.32-321) | 0.975

2 3.06(1.34-6.78) | 0.006 [0.61(0.07-5.06) | 0.640
Pre-Op 0 1
mGPS 1 1.68(0.48-5.81) | 0.416

2 1.75(0.45-6.84) | 0.424

BMI body mass index; EMVI extramural vascular invasion; CRT chemoradiotherapy;

CEA carcinoembryonic antigen; CRP C reactive protein; mGPS modified Glasgow

Prognostic Score.
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Table 4.4.2 Univariate and Multivariate binary logistic regression assessing relationship

between clinical factors, markers of systemic inflammation and post-CRT anaemia. Odds

ratio and 95% confidence interval in parenthesis.

Post CRT Anaemia

Univariate Analysis

Multivariate Analysis

Hazard Ratio P Hazard Ratio P value
value
BMI* <25
25-30 ] 0.72 (0.36-1.45) 0.357
>30 0.50(0.24-1.12) 0.092
Tumour Size | <4,
(em) 4-7 1.18(0.542.59) | 0.685
>8 4.99 (1.60-15.58) | 0.006 [0.91(0.31-2.69) | 0.862
Clinical TNM | I 1
I 2.33(0.24-22.28) | 0.462
I 2.63(2.29-24.03) | 0.393
Pathological T | ypTO 1
stage ypTl | 1.13(0.25-5.00) | 0.877
ypT2 1.56(0.60-4.06) 0.362
ypT3 2.30(1.06-5.00) 0.036
ypT4 4.50(1.31-15.52) | 0.017 [0.93(0.58-1.51) | 0.777
Pathological | No 1
EMVI Yes 1.07(0.57-2.02) 0.825
Pre-CRT NLR | <3 1
>3 1.48(0.80-2.73) 0.207
Post-CRT <3 1
NLR >3 1.10(0.47-2.60) 0.827
Pre-Op NLR | <3 1
>3 0.79(0.42-1.50) 0.467
Pre-CRT >35 1
Albumin (/L) |- e 0 813.40) | 0.157
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Post-CRT >35 1
Albumin (¢/L) o132 1 557.08) | <0.001 [1.50.464.97) | 0.504
Pre-Op >35 1
Albumin (@) 355 (1.987.75) | <0.001 [0.89(0.19-4.18) | 0.879
Pre-CRT CRP | <10 |1
(mg/L) >10 | 1.09(0.83-3.08) | 0.877
Post-CRT <10 1
CRP(mgL) 0 [384(1.94.8.02) | <0.001 |[1.36(0.16—11.49)] 0.779
Pre-Op CRP | <10 1
(mg/L) >10 | 3.22(125-836) | 0.016 [6.19(0.66-57.670 | 0.110
Pre-CRT 0 1
mGPS 1 0.68(1.36-3.39) | 0.637

2 1.55(0.42-5.71) | 0.509
Post-CRT 0 1
mGPS 1 1.88(0.55-6.46) | 0.314

2 5.18(2.26-11.88) | <0.001 [0.61(0.03-13.63) | 0.754
Pre-Op 0 1
mGPS 1 2.44(0.70-8.59) | 0.163

2 4.40(1.16-16.66) | 0.029 [4.12(0.41-42.63) | 0.227

BMI body mass index; EMVI extramural vascular invasion; CRT chemoradiotherapy;

CEA carcinoembryonic antigen; CRP C reactive protein; mGPS modified Glasgow

Prognostic Score.
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Table 4.4.3 Univariate and Multivariate binary logistic regression assessing relationship

between clinical factors, markers of systemic inflammation and pre-operative anaemia.

Odds ratio and 95% confidence interval in parenthesis.

Pre-Op Anaemia

Univariate Analysis

Multivariate Analysis

Hazard Ratio P value |[Hazard Ratio P
value
BMI <25 1
25-30 | 0.72(0.53-2.53) | 0.717
>30 0.56(0.21-1.49) | 0.249
Tumour Size <4, 1
(em) 4-7 0.67(0.29-1.52) | 0.337
>8 1.23(0.41-4.00) | 0.669
Clinical TNM | I 1
I 0.77(0.12-4.98) | 0.783
I 0.39(0.06-2.41) | 0.309
Pathological T | ypTO
stage ypT1 | 1.09(0.20-5.06) | 0.925
ypT2 1.63(0.54-4.48) | 0.384
ypT3 2.09(0.85-5.17) | 0.109 |1.01(0.31-3.23) 10.989
ypT4 3.02(0.78-11.73) | 0.111  [1.39(0.14-14.05) 0.779
Pathological No 1
EMVI Yes 0.88(0.43-1.81) | 0.734
Pre-CRT NLR | <3 1
>3 1.48(0.80-2.73) | 0.207
Post-CRT NLR | <3 1
>3 1.10 (0.57-2.60) | 0.827
Pre-Op NLR <3 1
>3 0.79(0.42-1.50) | 0.476
Pre-CRT >35 1
Albumin (g/L) =53 1.67(0.82-3.40) | 0.157

147



Post-CRT >35 1
Albumin (/L) 7 2.59(128-425) | 0.008 [1.54(0.60-3.96) 0.367
Pre-Op >35 1
Albumin (@L) e 751 32-5.88) 0,007 #.50(1.83-11.04) 0.001
Pre-CRT CRP | <10
(mg/L) >10 1.09(0.38-3.08) | 0.877
Post-CRT CRP | <10
(mg/L) >10 | 3.84(1.84-8.02) | <0.001 [1.06(0.25-4.53) [0.937
Pre-Op CRP <10
(mg/L) >10 | 3.23(1.25-836) |0.016 [2.28(0.71-7.33) [0.166
Pre-CRT 0 1
mGPS 1 0.68(0.14-3.39) | 0.637

2 1.55(0.42-5.71) | 0.509
Post-CRT 0 1
mGPS 1 1.88(0.55-6.47) | 0.314

2 5.18(2.26-11.88) | <0.001 |1.60(0.31-8.41) [0.577
Pre-Op 0 1
mGPS 1 2.44(0.70-8.59) | 0.163

2 4.40(1.16-16.66) | 0.029  0.59(0.05-6.86) 0.673

BMI body mass index; EMVI extramural vascular invasion; CRT chemoradiotherapy;

CEA carcinoembryonic antigen; CRP C reactive protein; mGPS modified Glasgow

Prognostic Score.
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Table 4.5 details the relationship between the anaemia during therapy and response
measured by TRG, pCR and NAR score. Presence of anaemia at all three time points is
associated with lower rates of good response (TRG2/3) 10% vs 31%, lower pCR 9% vs
26% and low NAR score (<8) 8 % vs 27% (p=0.003). With baseline moderate anaemia
only 2% had a good response, while there were no pCRs or NAR <8 (p<0.05). Post-CRT
anaemia was associated with lower rates of good response 26% vs 46% and lower pCR
23% vs 42% (p<0.05) but did not reach significance for low NAR 28 % vs 41% (p=0.084).
With post-CRT moderate anaemia only 4% had a good response vs 8% having a poor
response(p<0.05), 5% had pCRs vs 7% non-pCRs(p=0.056) and 4% had NAR <8 vs 7%
NAR >8 (p=0.213). Pre-operatively anaemia was associated with lower good response
14% vs 30%, lower pCR 13% vs 27% (p<0.05) and trended towards fewer low NAR score
15% vs 27% (p=0.083). Moderate anaemia pre-operatively was not associated with any
cases of good response (p=0.015), pCR or low NAR score but did not reach significance

for the latter measures of response (p=0.124 and p=0.160).
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Table 4.5 Relationship between the grade of anaemia prior to and following CRT and treatment response. P values for Chi squared testing.

Response (%) PCR (%) NAR score
Good (TRG | Poor (TRG | P value Yes No P value | <8 >8 P value
0/1) 213)
Pre CRT | No 176 (77) | 73 (90) 94 (69) 0.001 41(91) | 135(74) | 0013 | 48(92) | 128(73) | 0.003
Anacmia 52(23) | 8(10) 42 (31) 409 48 (26) 4®) 482D
PreCRT | No 176 (77)_| 73 (90) 94 (69) 0.003 41(91) | 136(74) | 0.047 | 48(92) | 129(73) | 0.014
Anaemia o 4520) | 709 36(27) 4(9) 41(22) 4@ | 4@
Moderate | 6 (3) 12) 5(4) 0 6(3) 0 6(3)
Post CRT | No 136 (61) | 57 (74) 72 (54) 0.004 34(77) | 102(58) | 0.017 | 36(72) | 100(59) | 0.084
Anaemia 2 85(38) | 20(26) 61 (46) 1023) |75 (42) 14 (28) | 71 (41)
Post CRT | No 136 (62) | 57 (74) 72 (54) 0.017 34(77) | 102(58) | 0.056 |36(72) | 100(39) |0.213
Anacmia Mild 7032) | 17 (22) 51(38) 8 (18) 62 (35) 1204|3864
Moderate | 15(7) | 3 (4) 10 (8) 2(5) 13 (7) 2@ | 1307
Pre Op No 170 (76) | 70 (86) 93 (70) 0.006 39(87) | 131(73) | 0.052 | 44(85) | 126(73) | 0.083
Anaemia 55(24) | 11(14) 40 (30) 6(13) 4927 8(15) | 47(27)
Pre Op No 170 (76) | 70 (36) 93 (70) 0.015 39(87) | 131(73) | 0.124 | 44(85) | 126(73) | 0.160
Anaemia oo 60(22) | 11(14) 36 (27) 6 (13) 44 (24) 8(15) | 42(24)
Moderate | 5 (2) 0 4(3) 0 5(3) 0 5(3)
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TRG tumour regression grade; pCR pathological complete response; NAR neoadjuvant rectal score

No Anaemia >130g/dL men / >115g/dL women; Mild Anaemia 100-130g/dL men / 100-115g/dL women; Moderate Anaemia 100 — 80 g/dL.
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Table 4.6 demonstrates the development of anaemia during therapy and response. Most
patients did not develop anaemia during therapy. 17-18% patients developed anaemia
immediately post-CRT, but this was not associated with tumour regression grade. When
comparing baseline to pre-operatively, 10-11% patients developed anaemia. Patients who
were anaemic from baseline to post-CRT or baseline to pre-operatively were more likely to
have a poorer response 29% vs 8% and 20% vs 3% respectively (<0.05). This was also
observed for pathological complete response (pCR). Anaemia baseline to post-CRT
resulted in 9% pCR vs 24% non-pCR (p=0.037). Anaemia from baseline to pre-operatively
trended similarly 4% pCR vs 16% pCR but did not reach significance (p=0.066). The
pattern of developing anaemia from baseline to post-CRT or from baseline to pre-
operatively was associated with fewer number of patients with a low NAR score, 8% vs

25% and 4% vs 16% respectively (p<0.05).
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Table 4.6 Relationship between treatment response (measured TRG, pCR and NAR) and change in the presence of anaemia from baseline to post-CRT or

baseline to pre-operatively. P values indicate chi square testing.

Response (%) P value pPCR (%) P value | NAR (%) P value
Good Poor Yes No <8 >8
(TRG 0/1) | (TRG 2/3)
Anaemic | No-No  |55(71) |69(52) | 0.003 34(77) | 97(55) |0.037 |36(72) | 95(56) | 0.031
Baseline to
Po.CRT | No—Yes | 14(18) | 22(17) 6(14) | 32(18) 10 (20) | 28 (16)
Yes—Yes | 6(8) 39 (29) 4(9) 43 (24) 4(8) | 43(29)
Yes—No |2(3) 32) 0 53) 0 53)
Anaemic | No-No | 64(79) |79(59) | 0.002 37(82) | 112(62) |0.066 |42(81) | 107 | 0.030
Baseline to (62)
Pre-O
rep No—Yes |9(11) 13 (10) 4(9) 21 (12) 6(12) | 19(11)
Yes—Yes |2 (3) 27 (20) 2 (4) 28 (16) 24) | 28(16)
Yes—No | 6(7) 14 (11) 24 19 (11) 2@ |19(11)

TRG tumour regression grade; pCR pathological complete response; NAR neoadjuvant rectal score
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4.4 Discussion

This chapter has demonstrated anaemia can be used as biomarker of poor treatment
response. Baseline anaemia was associated with higher T stage cancers as previously
described but there was no association with nodal staging. [250] [256] Baseline anaemia
was associated with lower rates of good response, pCR and low NAR. No patients with
baseline moderate anaemia had pCR or NAR <8. Post-CRT and pre-op anaemia was
associated with fewer rates of good response and pCR but did not reach significance for
low NAR. There were no good responses in patients with moderate anaemia
preoperatively. [249] [254] This is reflective of poor tumour response in the presence of
anaemia in the literature. To the best our knowledge this is the first study to find patients
who had sustained anaemia from baseline to post-CRT had lower rates of good tumour
response, pCR and NAR<S. Patients who had sustained anaemia from baseline to pre-op

had lower rates of good tumour response, NAR<8 and trended toward lower rates of pCR.

The association between anaemia at baseline or during radiotherapy associated with poorer
tumour response and non-pCR is in keeping with literature. Attempts to overcome this with
perioperative blood transfusion have not been shown improve treatment response. [188].
Transfusion has been shown to increase postoperative inflammation, increase postoperative
complications and result in poorer overall survival. [193] McSorley et al has previously
described poorer overall survival in patients with colorectal cancer with normocytic
anaemia compared to microcytic anaemia, likely as a result of systemic inflammation
resulting in normocytic anaemia. [194] My study has again confirmed the independent

association between baseline anaemia and an elevated mGPS. Only albumin remained
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significant on multivariate analysis following chemoradiotherapy. Interestingly NLR was

not associated anaemia. This highlights the difficulty in measuring systemic inflammation.

Pre-operative parenteral iron infusion was associated with the greater increase in
haemoglobin in patients with operable colorectal cancers with iron deficiency anaemia
compared to functional iron deficiency anaemia or anaemia of inflammation. All rectal
cancers in the reference study were associated with iron deficiency anaemia unlike 23% in
our cohort. [195] Anaemia of inflammation is caused by iron restriction from hepcidin-
mediated hypoferremia and cytokine mediated suppression of erythropoiesis. Cytokine
release causes increased hepcidin production in the liver, macrophage activation, increased
red blood cell destruction, erythropoiesis suppression with the switch to leukopoiesis.
[260]A Cochrane review of erythropoietin to target anaemia found no benefit to this

therapy. [261]

The other main hypothesis of poorer response to radiotherapy in the context of anaemia is
from hypoxia induced radioresistance. Invitro experiments have shown limited
radiosensitivity when the partial pressure of oxygen falls below 25-30mmHg. Hypoxic
tumours have a higher risk of being invasive, having metastatic potential and thus having
poorer prognosis. [262-264]Potential future target therapies in pre-clinical studies include
lipid A, its analogue OM-174, myeloid derived suppressor cell inhibitors and intravenous
L-arginine, an isoform NO synthase inducer to modulate the L-arginine pathway. [265]

[266] [267]

In conclusion our study mirrored previous studies which demonstrated anaemia was
associated with a poor treatment response. In our study there were no patients with severe
or life threatening anaemia. A limitation of our study was not collecting data on mean cell

volume, transferrin or pre-operative transfusion. It is therefore not clear if the relationship
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which has been observed is resultant from anaemia related hypoxia, from the immune
effects caused by iron deficiency, or as anaemia being a marker of chronic inflammation or

a combination of all.

Future work should address this to study if the type of anaemia influences response to

neoadjuvant chemoradiotherapy, this is beyond the scope of this thesis.

The work in this thesis until now has relied on retrospectively collected blood results at
varying timepoints rather than prospectively. The aim of the pilot study is to have a
protocolised assessment of circulating makers of systemic inflammation long with tumour

biopsies to study the local inflammatory response at clear time points.

156



S An investigation of the immune priming effect of radiotherapy

in rectal cancer - a prospective study protocol

5.1 Introduction

Previous chapters have assessed markers of systemic inflammation from serum blood
sampling retrospectively. Due to the nature of these studies, there is a lack of
standardisation of sampling timing and tests undertaken. All patients from the previously
described chapters underwent long course chemoradiotherapy. We aimed to overcome
these challenges with a prospective study using protocol specified specimen retrieval to
assess local and systemic antitumour inflammatory changes occurring during neoadjuvant
therapy following on from previously validated specimen sampling. [268] By better
understanding the immune response from neoadjuvant therapy, this may allow for
strategies to enhance the immune response using novel immune therapies thus enhancing
treatment response. Currently immunotherapies are predominantly used in the context of

metastatic disease or in trials.

The primary aim of this study was to assess patterns of immune response in patients
undergoing short course radiotherapy and long course radiotherapy. Secondary aims were
to assess: the peak of immune response; if tumour molecular make up effects immune
response; types of immune response have a role in tumour response; patient acceptability
of repeated endoscopic assessments with blood sampling. I am including this work within
my thesis due to the considerable time and effort I had spent on the recruitment and
processing of study patients, ethics amendments and working closely with lab staff at the

Edwards lab for specimen processing.
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5.2 Methods

This study underwent approval by the Research Ethics Committee and registered on the
Health Research Authority database (IRAS ID 239609). The aim was to recruit 30 patients,
15 to short course radiotherapy and 15 to long course radiotherapy. Patients were identified
through the colorectal cancer multidisciplinary team meeting and approached at Surgical or
Oncology clinics at Glasgow Royal Infirmary. Each potential participants were given a
Patient Information Sheet and at a follow up visit to provide informed consent in order to
participate in the study. The study involved volunteering to allow additional targeted
biopsies by proctosigmoidoscopy and blood samples to be taken for research purposes at 4

time points as they undergo treatment with radiotherapy for rectal cancer.

The Ethical approvals and funding were already in place during my involvement with the
study. My role was identification and recruitment of patients to the study. I ensured blood
and tissue sampling were undertaken as per protocol and transferred to Professor Edward’s

laboratory for further processing.

Inclusion criteria: Over 18 years of age; Patients with known rectal cancer
(adenocarcinoma) which is due to be treated with radiotherapy; Capacity to provide
informed consent; Willingness to allow additional tumour biopsies to be performed at

clinical assessments; The ability to understand simple written and verbal English

Exclusion criteria: Under 18 years of age; Patients with bleeding disorders; Patients
prescribed anticoagulants in whom a bleeding risk would be present (warfarin, dalteparin,

apixaban); Patients with tumours at or below the dentate line of the anal canal

Patients underwent protocol specimen retrieval at 0, 3, 6 and 12 weeks in long course
regimens, 0, 2, 6 and 12 weeks in short course regimens. Blood sampling was also

performed at each timepoint (detailed in figure 6.1).
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Figure 5.1. Biospecimen collection time points.

5.5 weeks — 28 fractions Up to 12 weeks
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Research Biospecimen collection

0 weeks 2-3 weeks 6 weeks 12 weeks
1,2,3 2,3 2,3 2,3

1. Mutational profiling, 2. Biopsy assessment, 3. Circulating immune factors

Biopsies were placed in formalin and transferred immediately to the Glasgow
Biorepository, where they will be cold stored prior to tissue processing. Once tissue has
been sectioned and approved by the pathologist for research use, the tissue was transferred
to Professor Joanne Edwards lab at the Wolfson Wohl Cancer Research Centre, Glasgow.
In the case of complete clinical response to radiotherapy, we would continue taking blood
and biopsy samples when these patients are recalled for surveillance endoscopies by their
treating clinical team. Tumour samples underwent molecular subtyping as baseline and
then immunohistochemistry was performed at each biopsy time point to assess immune
cell infiltrates (beyond the scope of this thesis). Blood sampling included routine
differential blood count, C-reactive protein, albumin, and samples for cytokine profiling
and flow cytometry (the latter beyond the scope of this thesis). Full study protocol and

patient consent form attached as Appendix I and II.
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5.3 Results

A total of 11 patients were recruited from November 2018 and December 2019. 3 patients
did not manage to complete the study: 1 due to mortality from unrelated diverticular
perforation; 1 who was had short course radiotherapy with palliative intent and could no
longer manage additional hospital visits due to frailty; the last patient’s specimen retrieval
was abandoned after week 2 due to restrictions during the COVID pandemic. This
prevented further recruitment to the study due to concerns for patient safety and social
distancing restrictions. 3 of the patients were women with the remaining men. Table 1
details the baseline patient characteristics along with type of neoadjuvant therapy and
outcome. 3 patients had metastatic disease at presentation. 6 patients underwent LCRT,
and 5 patients had SCRT: 2 due to treatment with palliative intent; 2 who were undergoing
systemic chemotherapy for metastatic disease; and 1 patient due to COVID restrictions. 1
patient had a complete clinical response. 3 patients underwent surgery of which 2 were

TME resections and 1 was an anterior exenteration.
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Table 5.1 Baseline clinical staging parameters, treatment and outcome.

Patient | Age | cT cN Tumour | Tumour | Clinical | Metastasis | Therapy | Radiation | Chemotherapy Outcome Surgery
(MRI) | (MR]) | Size height | TNM at Dose
ID (cm) from staging | diagnosis (Gy)
AV
(cm)
1 56 |3 1 3.0 2.2 3 none Long 52 capecitabine cCR No surgery
course
2 57 |3 2 4.7 3.8 3 none Long 52 capecitabine Progression & No surgery
course death
3 56 |3 1 4.8 5.5 3 none Long 53 capecitabine surgery Anterior resection
course
4 56 |3 2 6.3 6.0 3 none Long 47 S5FU surgery Exenteration
course
5 80 | 4 2 7.0 2.5 4 liver Short 20 No chemotherapy Progression & No surgery
course death
6 36 |3 0 3.2 2.7 2 none Long 52 capecitabine surgery AP Resection
course
7 54 |4 0 3.0 3.2 2 none Long 52 capecitabine progression No surgery
course
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8 39 4.5 15.0 liver Short 25 FOLFIRI progression No surgery
course
&
Chemo
9 84 10.0 9.0 none Short 25 No chemotherapy symptom No surgery
course improvement
(palliative)
10 59 6.5 4.1 liver & Short 25 XELOX progression No surgery
lung course
&
Chemo
11 66 3.8 none Short 25 No chemotherapy progression No surgery
course
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Figures 5.2. shows the graphical trends of blood sampling at the time intervals previously
specified. Haemoglobin and white cell count fall in most patients. Fall in lymphocyte count
is more pronounced than neutrophils with NLR rising in most patients. CEA initially falls
in all patients but rises after week 2 in 2 patients who both had progressive metastatic
disease. CRP fell for most patients until week 2, staying relatively static during treatment
except for 3 patients for whom it remained persistently elevated for. This was reflected
with an elevated mGPS for these patients. Albumin fell at week 2 but returned close to

baseline by week 6.

Figures 5.3.1 and 5.3.2 shows patient 1 achieving a complete clinical response with
endoscopic and MRI images from baseline and week 12. Figures 6.4.1 and 6.4.2 show

patient 2 having evidence of disease progression from baseline to week 12. 2.
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Figure 5.2.1 Haemoglobin over time

Haemoglobin at baseline, week 2, 6 and 12
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Figure 5.2.2 White cell count over time

White cell count at baseline, week 2, 6 and 12
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Figure 5.2.3 Neutrophil count over time
Neutrophils at baseline. week 2. 6 and 12
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Figure 5.2.4 lymphocyte count over time
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Figure 5.2.5 NLR over time
NLR at baseline, week 2, 6 and 12
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Figure 5.2.6 CEA over time
CEA at baseline, week 2, 6 and 12
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Figure 5.2.7 CRP over time

CRP at baseline, week 2, 6 and 12
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Figure 5.2.8 Albumin over time
Albumin at baseline, week 2, 6 and 12
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Figure 5.2.9 mGPS over time
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Figure 5.3.1. Baseline MRI pelvis and endoscopy with tumour indicated Figure 5.3.2. Week 12 MRI pelvis and endoscopy showing complete

by white arrow response. Scar indicated by black arrow

Figure 5.4.1. Baseline MRI pelvis and endoscopy with tumour indicated Figure 5.4.2. Week 12 MRI pelvis and endoscopy with significant

by white arrow residual disease. Tumour indicated by white arrow
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5.4 Discussion

This pilot study achieved its goals of a serial protocolised specimen retrieval program of
tissue and circulating markers during neoadjuvant therapy. 11 patients were recruited to the
study before suspension due to the COVID pandemic. All patients managed to complete
the retrieval program except 2, 1 due to frailty and 1 due to COVID and was well tolerated.
There was nearly an even split of patients who underwent short course radiation with or
without chemotherapy and long course chemoradiotherapy. 1 patient had a complete
clinical response and 3 underwent surgery. Detailed statistical analysis was not undertaken
due to the small numbers of patients. In addition to the circulating makers described
additional samples were stored for future analysis of cytokine analysis and flow cytometry
to assess circulating T cell and myeloid cell populations. Tumour samples were stored in
formalin and fresh frozen for future analysis for immunohistochemistry assessment of: T

cell response; myeloid response; antigen presentation; and immune checkpoint expression.

This would a comprehensive assessment of the local and systemic inflammatory response
to neoadjuvant therapy. Preliminary tissue analysis using immune histochemistry, cytokine
profiles and genomic analysis was undertaken which has fed into the larger ongoing study,

but this is out with the scope of this thesis.

This proof of concept study serially assessing response of patients receiving standard of
care treatment will run alongside the PRIME RT study (Clinicaltrials.gov NCT04621370).

[269] PRIME RT has 2 arms:

1) Short course radiotherapy followed by FOLFOX chemotherapy with concurrent
Durvalumab
2) Long course chemoradiotherapy followed by FOLFOX chemotherapy with

concurrent Durvalumab
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The study aims of assess if the addition of Durvalumab, an anti-PD1 immunotherapy
agent, can improve rates of complete response to neoadjuvant therapy in rectal cancer and

compare the long and short course radiotherapy strategies.

Our pilot study has shown demonstrated protocolised biospecimen retrieval during
neoadjuvant therapy is feasible and tolerated by patients. It has allowed for setting up the
infrastructure to run these studies. Biospecimens retrieved from this pilot study will allow
in depth investigation of the mechanisms driving the systemic inflammatory response with
cytokine profiling and in depth study of circulating subpopulations of white blood cells.
Serial biopsies will allow assessment of the changing tumour microenvironment during
therapy including that of patients who achieved complete clinical and pathological
responses. This would also allow exploration of the mechanism linking the local and
systemic inflammatory responses with the aim of identifying a reliable biomarker of

treatment response.
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6 Summary

The aim of this study was to comprehensively assess the relationship between markers of
systemic inflammation and their relationship to response to chemoradiotherapy in rectal

cancer.

Chapter 2 assessed the relationship between biomarkers of systemic inflammation at three
time points (baseline, following neoadjuvant chemotherapy and preoperatively) and
response to neoadjuvant chemotherapy. This chapter observed white cell counts,
lymphocyte counts, haemoglobin and albumin decreased following neoadjuvant CRT and
partially recovered afterwards. NLR increased during treatment whilst CEA decreased.
Anaemia and high CEA were associated with poor treatment response. There was no

relationship observed between NLR, CRP, mGPS and treatment response.

This chapter also assessed the relationship between changes in markers of systemic
inflammation and its influence on response to CRT. NLR increased from baseline to
following therapy and fell slightly preoperatively, predominantly from falling lymphocyte
counts during chemoradiotherapy. CRP which remained low or fell during therapy was
associated with improved NAR score. Despite the numbers of patients with an elevated
mGPS rising during therapy neither CRP or mGPS changes were associated with tumour
regression grade or pCR. Albumin which remained high following therapy was associated
with improved tumour regression grade and pCR. Persistently elevated CEA was

associated with lower rates of pCR and favourable NAR score.
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Chapter 3 assessed the relationship between lymphopenia and its influence on response to
CRT. The majority of patients developed mild / moderate lymphopenia following therapy,

but lymphopenia was not associated with treatment response.

Chapter 4 assessed the relationship between anaemia and response to CRT. Baseline
anaemia was associated with higher cancer T stage, an elevated mGPS and poor response
to therapy with lower rates of pCR, tumour regression grade and lower numbers of patients
with a low NAR score. Sustained anaemia during therapy was associated with lower rates
of tumour response, pCR and low NAR score. Sustained anaemia from baseline to
preoperatively was associated with lower rates of good tumour response and favourable

NAR score.

Chapter 5 assessed the feasibility of a protocolised biospecimen retrieval of circulating
markers of inflammation and tumour tissue. Despite the study having an even split of
patients undergoing short and long course, the overall numbers in this study were limited.
There are plans to undertake a detailed assessment of circulating markers of systemic
inflammations and serial assessment of the tumour microenvironment during and after

therapy which are out with the scope of this thesis.
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7 Discussion

This thesis did not identify NLR, CRP and mGPS as biomarker of treatment response. In
previous studies, the majority of studies have used cutoffs deemed by ROC analysis and
log-rank testing. Having varying cutoffs make reproducibility more difficult. Previous
studies have also concentrated on the survival rather than treatment response. Immune cell
infiltration within the tumour microenvironment is associated with improved longer term
oncological outcomes. The relationship between the local inflammatory response and
systemic inflammatory response is not fully understood and there is no serum biomarker

which reliably correlates with local immune cell tissue infiltration.

In our study anaemia was associated with poor response. Anaemia is associated with
systemic inflammation. The mechanism of behind anaemia with systemic inflammation is
not fully understood. It is difficult to know if poorer response is as a result of anaemia or
systemic inflammation or both. Future study with serum iron profiles may understand if
patients with iron deficiency anaemia have deferring treatment responses to patients with

anaemia of chronic disease potentially identifying therapeutic options.

This thesis assessed the relationship between circulating markers of systemic inflammation
and treatment response. With more time it would be beneficial to study the relationship
between these serum marker and changes in the tumour microenvironment from baseline
and following treatment in matched tissue specimens. Ongoing work from the pilot study
will assess the relationship between local, systemic inflammatory response, particularly

circulating cytokines and chemokines, and its relationship with treatment response.

Having a reliable biomarker of treatment response will allow greater precision in the
management of rectal cancer. With the increasing use of total neoadjuvant therapy,

increasing rates of complete response, and thus greater rates of organ preservation and
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survival have been demonstrated in recent OPRA and RAPIDO studies. [270] [271] It is
important to identify patients experiencing poorer response to conventional treatment as
novel immunotherapy strategies may have a therapeutic role. Their role historically has
been in the context of metastatic disease in immunogenic mismatch repair deficient /
microsatellite stable tumours. Cereck et al have shown immunotherapy alone resulted in
sustained complete clinical response in all patients with locally advanced microsatellite
unstable cancers without significant toxicity allowing patients to avoid complications and
side effects of chemoradiotherapy. [272] Low immunogenic profiles of microsatellite
stable cancers are resistant to immune checkpoint blockade. Combination therapies have
been attempted to convert a cold non-immunogenic cancer into a hot immunogenic cancer
susceptible to immune checkpoint inhibition and improve response to chemoradiotherapy
has varying success and the subject of ongoing clinical trials. It is therefore of vital
importance a reliable biomarker can be identified to measure these responses to guide and

target therapies for individual patients.
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Appendix I

Table 2.1s. Baseline clinical and pathological of both cohorts used to construct the study

dataset. Cohort 1 consists of patients from Glasgow Royal Infirmary dataset. Cohort 2

consists of patients from West of Scotland dataset which also included patients from

Glasgow Royal Infirmary. Numbers in parentheses indicate percentages. P values for Chi

Square testing.

Cohort 1 Cohort 2 P Value

<55 11 (19) 33 (19)

Age (years) | 55—74 43 (73) 101 (60) 0.085
>75 5(8) 35(21)
Female 23 (39) 65 (38)

Sex
Male 36 (61) 104 (62) 0944
<25 22 (46) 48 (37)

BMI 25-30 20 (42) 43 (33) 0.050
>30 6 (12) 40 (30)
<5 (low) 28 (50) 65 (40)

Tumour

Height from .

anal verge 5 - 10 (mid) 19 (34) 62 (39) 0.435

(cm) >10 (upper) 9 (16) 34 (21)
<4 3(6) 32(19)

Tumour Size

o 4-7 44 (83) 119 (71) 0.066
>8 6(11) 17 (10)
T2 4 (7) 11(7)

Clinical T

Stagd T3 44 (75) 129 (76) 0.962
T4 11 (19) 29 (17)

ClinicalN | NO 23 (39) 41C4

Stage N1/2 36 (61) 128 (76) 0.030

Clinical TNM | 1 30) 2

stage I 20 (34) 39 (23) 0.042
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I 36 (61) 128 (76)
<45 1(3) 7(4)
RT Dose (Gy) [ 45 31 (97) 158 (94) 0.716
>45 (boost) 0 3(2)
Capecitabine 43 (84) 107 (88)
Concomitant
Chemotherapy | 5-FU 8 (16) 11 (9) 0.253
Other * 0 33(3)
Interval: CRT | <8 16 (27) 9(5)
finish to
Surgery 8-12 32(54) 96 (67) <0.001
(weeks) >12 11 (19) 64 (38)
TME with
primary 60 (36)
anastomosis 26 (44)
TME with end
colostomy 36) 16 ()
Operation 0.306
Abdominoperineal '
resection (APR) 306D 88 (52)
Pelvic
Exenteration ** 0 > G)
ypTO 10 (17) 35(21)
ypTl 309 9(5)
Pathological
T staging ypT2 107 30 (18) 0.685
ypT3 34 (58) 82 (49)
ypT4 2(3) 13 (8)
ypNO 41 (69) 122 (72)
Pathological
N staging ypNI1 10 (17) 39 (23) 0.059
ypN2 8 (14) 9(5)
0 10 (17) 35(21)
Pathological
TNM stage I 3(5 6(4) 0.823
I 27 (46) 81 (48)
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I 19 (32) 47 (28)
No 49 (83) 134 (79)
pCR
Yes 10 (17) 35(21) 0.532
<8 (low risk) 12 (20) 40 (24)
8-16 (intermediate
NAR score risk) 29 (49) 79 (47) 0.870
>16 (high risk) 18 (31) 50(3)
TRG 0 (pCR) 10 (17) 35(22)
Tumour
Regression TRG 1 1(19) 24(15) 0.138
Grade TRG 2 29 (49) 56 (35)
TRG 3 9 (15) 43 (27)
RO 51 (86) 148 (88)
Resection 0.822
Margin R1 (£1mm to :
CRM) 8 (14) 21 (12)
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Table 2.8s. Median values of white cell count, its constituents, NLR, C-Reactive protein

and albumin over time P values Mann-Whitney U test comparing good and poor

pathological response at each time point.

Timepoint Tumour regression grade p value
Good Poor (TRG
(TRG 0/1) | 2/3)
WCC (10°/L) Pre-CRT 7.23 7.91 0.272
Post-CRT 4.37 5.30 0.580
Pre-Op 5.60 5.50 0.759
Neutrophils Pre-CRT 4.46 5.10 0.088
(10°/L)
Post-CRT 3.14 3.50 0.560
Pre-Op 3.14 3.50 0.784
Lymphocytes Pre-CRT 1.83 1.66 0.125
(10°/L)
Post-CRT 0.52 0.69 0.452
Pre-Op 0.80 0.90 0.316
NLR Pre-CRT 2.82 2.86 0.087
Post-CRT 5.89 4.79 0.394
Pre-Op 4.30 4.08 0.655
CRP (mg/L) Pre-CRT 3.00 3.75 0.284
Post-CRT 2.20 3.00 0.071
Pre-Op 2.40 3.05 0.366
Albumin Pre-CRT 37 38 0.199
Post-CRT 36 36 0.022
Pre-Op 37 37 0.015

CRT chemoradiotherapy; WBC total white cell count; NLR neutrophil to lymphocyte

ratio; CRP C-reactive protein.
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Figures 2.5s Median values of serum markers prior to and following neoadjuvant therapy

stratified by pathological tumour regression grade (TRG). TRG 0/1 indicates good

response and TRG 2
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2.5.4s Neutrophil to lymphocyte ratio (NLR)

NLR during therapy stratified by pathological response
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Table 2.9s. Median values of white cell count, its constituents, NLR, C-Reactive protein

and albumin over time P values Mann-Whitney U test comparing NAR score an indicator

of prognosis (NAR<8 good prognosis and NAR >8 intermediate / poor prognosis) at each

time point.
Timepoint | NAR Score p value
NAR <8 NAR >8
WCC (10°/L) | Pre-CRT 6.98 7.75 0.238
Post-CRT 5.66 4.94 0.182
Pre-Op 5.65 5.50 0.178
Neutrophils | Pre-CRT 4.08 5.00 0.163
(10°/L) Post-CRT 3.48 3.24 0.088
Pre-Op 3.80 3.80 0.119
Lymphocytes | Pre-CRT 1.75 1.70 0.859
(10°/L) Post-CRT 0.52 0.68 0.428
Pre-Op 1.05 0.85 0.920
NLR Pre-CRT 2.84 2.86 0.060
Post-CRT 5.94 4.99 0.073
Pre-Op 3.74 4.29 0.100
CRP (mg/L) | Pre-CRT 3.0 3.8 0.548
Post-CRT 2.1 3.0 0.437
Pre-Op 1.7 3.4 0.199
Albumin Pre-CRT 38 37 0.148
/L) Post-CRT | 36 36 0.209
Pre-Op 37 37 0.013

CRT chemoradiotherapy; WBC total white cell count; NLR neutrophil to lymphocyte

ratio; CRP C-reactive protein.
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Figures 2.6s Median values of serum markers prior to and following neoadjuvant therapy

stratified by neoadjuvant rectal (NAR) score. < 8 indicates good prognosis and > 8

indicates moderate / poor prognosis.
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2.6.4s Neutrophil to lymphocyte ratio (NLR)

NLR during therapy stratified by NAR score
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Table 2.10s. Median values of white cell count, its constituents, NLR, C-Reactive protein

and albumin over time P values Mann-Whitney U test comparing the presence of

pathological complete response at each time point.

Timepoint pCR p value
Yes No
WCC (10°/L) Pre-CRT 730 | 7.64 0.778
Post-CRT 510 |5.09 0.671
Pre-Op 5.80 5.50 0.235
Neutrophils (10°/L) Pre-CRT 4.10 4.99 0.741
Post-CRT 327 | 234 0.887
Pre-Op 4.10 |3.75 0.403
Lymphocytes (10°/L) Pre-CRT 1.75 1.70 0.160
Post-CRT 0.51 0.68 0.236
Pre-Op 1.05 0.90 0.174
NLR Pre-CRT 2.84 |[2.86 0.439
Post-CRT 6.51 491 0.502
Pre-Op 399 | 4.13 0.967
CRP (mg/L) Pre-CRT 3.00 3.75 0.856
Post-CRT 3.00 |3.00 0.541
Pre-Op 1.85 3.05 0.219

197



Albumin (ng/L)

Pre-CRT 38 37 0.052
Post-CRT 35 36 0.018
Pre-Op 37 37 0.052

CRT chemoradiotherapy; WBC total white cell count; NLR neutrophil to lymphocyte

ratio; Hb Haemoglobin; CEA carcinoembryonic antigen; CRP C-reactive protein.
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Figures 2.7s Median values of serum markers prior to and following neoadjuvant therapy

stratified by pathological complete response (pCR)
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2.7.4s Neutrophil to lymphocyte ratio (NLR)

NLR during therapy stratified by pathological complete response (pCR)
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Table 2.11s. Relationship between changes in NLR (<3 Low and > 3 high), CRP, CEA,

mGPS and pathological tumour regression. P values from Chi square testing. Numbers in

parenthesis indicate percentages.

Response (%) P value
Good (TRG Poor (TRG
0/1) 2/3)
NLR Low -Low | 32(15) 15 (20) 17 (12.8) 0.635
Baseline to Low - High | 88 (42) 31 (40) 57 (43)
Post-CRT - ,
High - High | 87 (41) 30 (39) 57 (43)
High-Low |3 (1) 1(1) 2(2)
NLR Low-Low | 51(24) 21 (26) 30 (22) 0.861
Baseline to Low - High | 74 (34) 29 (36) 45 (34)
Pre-Op High - High | 72 (25) 25 (31) 47 (35)
High - Low | 18 (8) 6 (7) 12 (9)
CRP Low - Low | 74 (70) 25 (74) 49 (68) 0.171
Baseline to Low - High | 15(14) 7(21) 8(11)
Post-CRT - ,
High - High | 5 (5) 1(3) 4 (6)
High - Low |12 (11) 1(3) 11 (15)
CRP Low - Low | 73 (80) 28 (85) 45 (78) 0.274
Baseline to Low - High | 5(6) 309 2(3)
Pre-Op High - High | 8 (9) 1(3) 7 (12)
High - Low | 5(6) 1(3) 4(7)
CRP Low Low or | 89 (84) 32 (94) 57(79) 0.050
) Low High
Baseline to
Post-CRT High High or | 17 (16) 2 (6) 15 (21)
High Low
CRP Low Low or | 78 (86) 31 (94) 47 (81) 0.091
) Low High
Baseline to
High High or | 13 (14) 2 (6) 11 (19)
Pre-Op High Low
CEA Low - Low | 63 (58) 33(72) 30 (48) 0.071
Baseline to Low - High |2(2) 0 2(3)
Post-CRT - ,
High - High | 34 (31) 10 (22) 24 (38)
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High-Low ]10(9) |3 (7) 7(11)
mGPS Static 84(80) |25 (74) 59 (82) 0.564
Baseline to Fall 6 (6) 2(6) 4 (6)
Post-CRT Rise 16(15) |71 9(13)
mGPS Static 76 (81) | 28 (82) 48 (80) 0.768
Baseline to Pre- | Fall 1112 309 8 (13)
op Rise 7(7) 309) 4(7)
mGPS 0/1/2 | Static - Low | 74 (70) | 25 (74) 49 (68) 0.120
Baseline to Fall 6 (6) 2(6) 4 (6)
Post-CRT Rise 16(15) |71 9(13)

Static - High | 10(9) | 0 10 (14)
mGPS0/1/2 | Static- Low | 73 (78) | 28 (82) 45 (75) 0.500
g;seline to Pre- | Fal 11 (12) 3(9) 8 (13)

Rise 7(7) 309) 4(7)

Static - High |3 (3) 0 3(5)
mGPS 0/12 | Low-Low | 74(70) |25 (74) 49 (68) 0.171
Baseline to Low-High | 15(14) |71 8 (11)
Post-CRT High- High | 12(11) |1(3) 11(15)

High-Low |5 (5) 163) 4(6)
mGPS0/1-2 | Low-Low | 73(78) |28 (82) 45 (75) 0.321
Baseline to Pre- | Low — High | 5 (5) 309) 203)
op High - High | 6 (6) 163) 5(8)

High-Low | 10(11) |2(6) 8 (13)
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Table 2.12s Relationship between changes in NLR, CRP, CEA, mGPS and NAR score. P

values from Chi square testing. Numbers in parenthesis indicate percentages.

NAR (%) P value
<8 >8

NLR Low - Low 33 (15) 11(22) 22(13) 0.296
Baseline to Low - High 94 (43) 18 (36) 76 (44)
Post-CRT - -

High - High 91 (41) 21 (42) 90 (41)

High - Low 3(D) 0 3(2)
NLR Low - Low 55 (24) 14 (41) 41 (24) 0.928
Baseline to Low - High 77 (34) 17 (33) 60 (35)
Pre-Op High - High 75 (33) 16 (31) 59 (34)

High - Low 19 (8) 5(10) 14 (8)
CRP Low - Low 77 (71) 16 (76) 61 (69) 0.431
Baseline to Low - High 15 (14) 4 (19) 11(13)
Post-CRT . .

High - High 5(0) 0 5(6)

High - Low 12 (11) 1(5) 11(13)
CRP Low - Low 74 (80) 17 (90) 57 (78) 0.190
Baseline to Low - High 505 2 (10) 34)
Pre-Op High - High 8(9) 0 8(11)

High - Low 505 0 5()
CRP Low Low or | 92 (84) 20 (95) 72 (82) 0.128
Baseline to Low High
Post-CRT High Highor | 17 (16) 1(5) 16 (18)

High Low
CRP Low Lowor | 79 (86) 19 (100) 60 (82) 0.047

) Low High

Baseline to

High High or | 13 (14) 0 (0) 13 (18)
Pre-Op High Low
CEA Low - Low 65 (58) 25 (81) 40 (49) 0.026
Baseline to Low - High 2(2) 0 2(3)
Post-CRT . .

High - High 35(31) 5(16) 10 (37)

High - Low 10 (9) 1(3) 9(11)
mGPS Static 87 (80) 16 (76) 71 (81) 0.229
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Baseline to Fall 6 (6) 0 6 (7)
Post-CRT
o8 Rise 16(15 |54 11 (13)
mGPS Static 77 (81) 17 (90) 60 (79) 0.194
Baseline to Pre | Fal] 11(12) 0 11 (15)
Op
Rise 7(7) 2 (10) 5(7)
mGPS 0/1/2 | Static - Low | 77 (71) 16 (76) 61 (70) 0.144
Baseline to Fall 6 (6) 0 6 (7)
Post-CRT .
Rise 16 (15) 5(24) 11 (13)
Static - High | 10 (9) 0 10 (9)
mGPS 0/1/2 | Static - Low | 74 (78) 17 (90) 57 (75) 0.238
Baseline to Fall 11 (12) 0 11 (15)
Pre-Op
Rise 7(7) 2 (10) 5(7)
Static - High | 3 (3) 0 3 (4)
mGPS 0/1-2 | Low - Low 77 (71) 16 (76) 61 (69) 0.431
Baselineto | Low - High 15 (14) 4(19) 11 (13)
Post-CRT - -
High - High | 12 (11) 1(5) 11 (13)
High - Low 5(5 0 5(6)
mGPS 0/1-2 | Low - Low 74 (78) 17 (90) 57 (75) 0.129
Baseline to Low—High |5(5) 2(11) 3(4)
Pre-Op
High - High | 6 (6) 0 6 (8)
High - Low 10 (11) 0 10 (13)
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Table 2.13s. Relationship between changes in NLR, CRP, CEA, mGPS and pathological

complete response. P values from Chi square testing. Numbers in parenthesis indicate

percentages.
pCR (%) P value
Yes No

NLR Low - Low 33 (15) 10 (23) 23 (13) 0.266
Baseline to Low - High 94 (43) 15 (34) 79 (45)
PostCRT  Feh “High (91 @D | 19(@3) 72 (41)

High - Low 3(D) 0 3(2)
NLR Low - Low 55 (24) 11 (24) 44 (24) 0.999
Baseline to Low - High 77 (34) 15 (33) 62 (34)
Pre-Op High - High 75 (33) 15 (33) 60 (33)

High - Low 10 (8) 4 (9) 15 (8)
CRP Low - Low 77 (71) 13 (72) 64 (70) 0.440
Basclineto | Low - High 15(14) | 4(22) 11(12)
PostCRT e High  [50) 0 5(6)

High - Low 12(11) | 1(6) 11(12)
CRP Low - Low 64 (80) 16 (94) 58 (77) 0.329
Baseline to Low - High 505 1(6) 4(5)
Pre-Op High - High 8 (9) 0 8 (11)

High - Low 5(5) 0 5(7)
CRP Low Lowor |92 (84) |17 (94) 75 (82) 0.199
Baseline to Low High
Post-CRT High High or 17 (16) 1(6) 16 (18)

High Low
CRP Low Low or 79 (86) 17 (100) 62 (83) 0.064
Baseline to Low High
Pre-Op giglﬁ Is(l)%? or 13 (14) 0 (0) 13 (17)
CEA Low - Low 65 (58) 22 (85) 43 (50) 0.019
Baseline to Low - High 2(2) 0 2(2)
PostCRT e High (356D 30D 32.(37)

High - Low 10 (9) 1(4) 9 (10)

205




mGPS Static 87 (80) 13 (72) 74 (81) 0.145
Baseline to Fall 6 (6) 0 6 (7)
Post-CRT -

Rise 16 (15) 5(28) 11 (12)
mGPS Static 77 (81) 16 (94) 61 (78) 0.235
Baseline to Pre | Fal] 11(12) 0 11 (14)
Op

Rise 7(7) 1(6) 6 (8)
mGPS 0/1/2 | Static - Low 77 (71) 13 (72) 64 (70) 0.128
Baseline to Fall 6 (6) 0 6 (7)
Post-CRT .

Rise 16 (15) 5(28) 11 (12)

Static - High 10 (9) 0 10 (11)
mGPS 0/1/2 | Static - Low 74 (78) 16 (94) 58 (74) 0.282
Baseline to Fall 11(12) |0 11 (14)
Pre-Op

Rise 7(7) 1(6) 6 (8)

Static - High 333 0 34)
mGPS 0/1- | Low - Low 77 (71) 13 (72) 64 (70) 0.440
2

Low - High 15 (14) 4 (22) 11 (12)
Baseline to . -
Post-CRT High - High 12 (11) 1(6) 11 (12)

High - Low 5(5) 0 5(6)
mGPS 0/ -2 Low - Low 74 (78) 16 (94) 58 (74) 0.240
Baseline to Low — High 5(5) 1 (6) 4 (5)
Pre-Op

High - High 6 (6) 0 6 (8)

High - Low 10 (11) 0 10 (13)
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Appendix 11

An investigation into the potential immune priming effect of radiotherapy on the tumour

microenvironment in rectal cancer

Running title: Immune priming in Rectal Cancer Study
Protocol Version: Version 3

Date: 29/03/19

REC Reference Number: 18WS0003

Sponsor’s Protocol Number: GN170N712

Sponsor: NHS Greater Glasgow & Clyde>

Funder: Beatson Cancer Charity
Amendment number Date Protocol version
1 24/01/18 V2
2 29/01/18 V3
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This study will be performed according to the Research Governance Framework for Health
and Community Care (Second edition, 2006) and WORLD MEDICAL ASSOCIATION
DECLARATION OF HELSINKI Ethical Principles for Medical Research Involving

Human Subjects 1964 (as amended).
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Title of Study:

An investigation into the potential immune priming effect of

radiotherapy on the tumour microenvironment in rectal cancer

Study Centre:

Beatson Cancer Centre/ Glasgow Royal Infirmary

Duration of Study:

Until recruitment complete — up to 4 years

Primary Objective:

To evaluate whether different forms of external beam radiotherapy
(e.g. long course vs short course regimens) influence immune
responses?

Secondary Objective:

(a) To investigate when such immune responses peak and for what

duration they persist?

(b) Whether molecular make-up of the tumour has any effect on

degree of priming response?

(c) Whether degree of immunogenicity plays a role in tumour

downstaging responses

Primary Endpoint:

Evidence of T cell infiltrates present in tumour biopsies during

treatment

Rationale:

Immunotherapies have revolutionized cancer treatment in many
tumour types. However, these drugs are not effective in all
cancers. Indicators that immunotherapy will be effective include
evidence of an ‘immune active’ tumour microenvironment. This
includes high numbers of tumour infiltrating T cells, evidence of
antigen presentation (MHC-1 expression) and expression of
immune checkpoint molecules (PD-1/ PDL-1). The majority of
colorectal cancers demonstrate low numbers of tumour infiltrating
T cells and expression of immune checkpoint molecules.
Consequently, checkpoint blockade immunotherapy is limited to

one subtype comprising 15% of all disease and 5% of metastatic
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tumours: the mismatch repair deficient (AIMMR) subtype.
Strategies to enhance tumour immunogenicity may expand the role
of immunotherapy beyond the dIMMR subtype. In this pilot study,
we evaluate the intra-tumoral immune effects of radiotherapy and
chemotherapy using serial biopsies. By defining the patterns of
immune response during treatment we may be able to plan trials of

combinations with immunotherapy in rectal cancer.

Methodology:

Prospective pilot study

Patients treated with radiotherapy for rectal cancer at the Beatson
West of Scotland Cancer Centre will be recruited. Two to four
biopsies will be performed by procto-sigmoidoscopy at the time

patients attend for clinical assessments.

Biopsies will be performed at baseline, 2-3 weeks, 6 weeks and at

12 weeks during and after radiotherapy.

Blood samples will be collected at similar time points.

Samples will be assessed for:

- Molecular subtyping (151 gene panel assessment)

- Immune cell infiltrates (Immunohistochemistry)

- Transcriptional alterations (Nanostring gene expression)
- Circulating cytokines/ chemokines

Sample Size:

30

Screening:

Patients with rectal cancer scheduled to receive radiotherapy will
be identified through the colorectal multidisciplinary team
meeting. They will be approached in clinic by a surgeon on

oncologist involved in the study.

Registration/Randomisation:

Any recruits will be given a unique study ID and data stored in
anonymised form on secure password protected University of
Glasgow computers within the Academic Unit of surgery,

Glasgow Royal Infirmary. No randomisation required.
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Main Inclusion Criteria:

- Over 18 years of age

- Patients with known rectal cancer (adenocarcinoma)
which is due to be treated with radiotherapy

e - Capacity to provide informed consent

e - Willingness to allow additional tumour biopsies to be
performed at clinical assessments

Main Exclusion Criteria:

e - Under 18 years of age

e - Patients with bleeding disorders

e - Patients prescribed anticoagulants in whom a bleeding
risk would be present (warfarin, dalteparin, apixiban)

e - Patients with tumours at or below the dentate line of the
anal canal

Product, Dose, Modes of

Administration:

N/A

Duration of Treatment:

Involvement in the study will last 4 weeks

Statistical Analysis:
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Title

An investigation into the potential immune priming effect of radiotherapy on the tumour

microenvironment in rectal cancer

Introduction

Rationale

Immunotherapies have revolutionized cancer treatment in many tumour types. However, these drugs are
not effective in all cancers. Indicators that immunotherapy will be effective include evidence of an
‘immune active’ tumour microenvironment. This includes high numbers of tumour infiltrating T cells,
evidence of antigen presentation (MHC-1 expression) and expression of immune checkpoint molecules
(PD-1/PDL-1). The majority of colorectal cancers demonstrate low numbers of tumour infiltrating T cells
and expression of immune checkpoint molecules. Consequently, checkpoint blockade immunotherapy is
limited to one subtype comprising 15% of all disease and 5% of metastatic tumours: the mismatch repair
deficient (AMMR) subtype. Strategies to enhance tumour immunogenicity may expand the role of
immunotherapy beyond the dMMR subtype. In this pilot study, we evaluate the intra-tumoral immune
effects of radiotherapy and chemotherapy using serial biopsies. By defining the patterns of immune
response during treatment we may be able to plan trials of combinations with immunotherapy in rectal

cancer.

Background information including literature review

Colorectal cancer (CRC) is the second leading cause of death in the UK with 41,000 new cases diagnosed
per year and 16,000 deaths. Rectal cancer accounts for 1/3 of disease. Additional treatments are therefore
required to improve survival rates. Rectal cancer management differs from that of colon cancer in that
radiotherapy (RT) is more commonly utilized in the neoadjuvant and palliative settings. Radiotherapy is
a DNA damaging treatment which leads to tumour cell death. However, RT is also capable of inducing

several immunological effects due to immunogenic cell death with release of tumour antigens.
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Immunotherapies are novel treatments, effective in various tumour types including melanoma, where
checkpoint blockade of CTLA-4 and PD-1 T-cell inhibitory molecules improves survival (1, 2). Tumours
thought to be responsive to checkpoint blockade immunotherapy include those with high mutational load
and neoantigen burden (3), or evidence of an immune active tumour microenvironment (an abundance of
T cell infiltrates or increased MHC-1 expression) (4, 5). PD-1/PD-L1 expression and presence of T cells
within the tumour microenvironment are thought to represent the most useful current biomarkers that anti

PD-1 therapy may be effective.

The use of immunotherapy in CRC is currently very limited. Most CRCs have low numbers of T cells
present within the tumour microenvironment and PD-1 is poorly expressed in CRC (13%) compared with
melanomas (53%) (6). CRCs that exhibit the defective mismatch repair (IMMR) molecular subtype
demonstrate enhanced immunogenicity/ T cell infiltrates within the tumour’s microenvironment which are
thought to be responding to neo-antigens produced by the higher mutation rate (7). Encouragingly, phase
II clinical trials in dMMR CRC report improved progression free survival and overall survival with anti-
PD-1 immunotherapy (8, 9). dIMMR tumours make up only 15% of CRCs, very few of which develop
metastases, consequently anti-PD-1 therapy applies to a tiny subset of all CRCs. Strategies to enhance
immunogenicity in other CRC subtypes may allow a broader use of immunotherapy in CRC. Such

treatments may synergize with immunotherapies, to enhance response and improve outcomes.

Importantly, radiotherapy is capable of inducing T cell responses responding to antigens released by
tumour cell death (10). Previous studies have demonstrated that chemoradiation (CRT) to rectal tumours
results in CD4+/CD8+ T cells in resected specimens when compared to pre-treatment biopsies (11, 12).
However, little is known regarding the temporal changes in immunological profiles during and after
treatment. It is important to study these immunological effects of RT to rectal tumours in order to plan
potential trials of immunotherapies in combination with RT for rectal cancer. Such a strategy may expand
the role of immunotherapies beyond the dMMR subgroup. Rectal tumours are accessible at proctoscopy
performed in the clinic or endoscopy suite with minimal patient discomfort and represent the ideal tumour
type to perform such work. In patients that consent to be involved in this study, we will analyse immune
cell infiltrates and expression of immunological proteins on tumour tissue before, during and after different
types of radiotherapy in rectal cancer. The main types of radiotherapy used in rectal cancer are short
course (high dose per fraction given over short period of 5 days) and long course radiotherapy (lower dose
per fraction given over 28 days in combination with chemotherapy (5-FU or capecitabine). Although short
course treatment provides a relatively high dose in a short time period the cumulative dose is higher with
long course treatment and therefore the degree of priming of the immune response and its duration may

differ between therapies.
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Potential risk and benefits

Potential Risk: Biopsies are routinely performed in rectal cancer without any significant risk. However,
in a very small proportion of patients particularly those on anticoagulants, a small amount of bleeding can
occur. In some patients with very low tumours, significant discomfort can be experienced during the
proctosigmoidoscopy, but we will aim to avoid recruiting patients with very low tumours (i.e. those at the
dentate line). We will be using a patient questionnaire (Appendix I'V) to determine the acceptability of

serial endoscopic examinations.

Prior experience of intervention
Previous work has demonstrated it is possible to reliably sample rectal cancers during different cancer
treatments using proctosigmoidoscopy and biopsy to provide details of tissue biomarkers including

immunological profiles during chemotherapy (13, 14). We aim to perform similar analyses for the

purposes of this study.

Study Hypothesis
Treatment with radiotherapy or chemotherapy is capable of inducing potentially favourable

immunological effects. We hypothesise that there will be differences in the peak and duration of these

effects between different forms of radiotherapy (short course and long course).

Aim/Primary and Secondary Objectives

We aim to perform a pilot study to evaluate immune cell profiles and immunological protein expression in
tumour biopsies using immunohistochemistry. We will perform a colorectal cancer gene panel assessment
at baseline to provide an assessment of CRC molecular features.

Primary Objective

To evaluate whether different forms of external beam radiotherapy (e.g. long course vs short course

regimens) influence immune responses?
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Secondary Objectives

(a) To investigate when such immune responses peak and for what duration they persist?
(b) Whether molecular make-up of the tumour has any effect on degree of priming response?
(c) Whether degree of immunogenicity plays a role in tumour downstaging responses

(d) Assess patient acceptability to repeated endoscopic assessments

Research Questions
RQI: Can immune cell responses and expression of MHC-1, PD-1 and PD-L1 be measured on

sequential tumour biopsies to provide an assessment of patterns of immune priming in response to

radiotherapy?

RQ2: Does the immune response generated (intensity, peak and duration) by short course radiotherapy

differ in comparison to long course chemoradiotherapy.

RQ3: Is there a common time point for each type of treatment when such immune responses peak and

for what duration they persist?

RQ4: Does the molecular make-up and mutational profile of the tumour have any effect on degree of

priming response?

RQ4: Does the degree of immunogenicity play any role in the degree of tumour response or

downstaging with radiotherapy.

RQS5: Are there gene signatures (measured using Nanostring nCounter gene expression analysis) that
can be applied to stratify a subset of patients by degree of immunogenicity present at baseline and during

treatment

RQ6: Are serial endoscopic assessments acceptable to patients.
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3. Study Design

After appropriate ethical approval, a pilot study will be performed in 30 patients treated with radiotherapy for
rectal cancer at the Beatson West of Scotland Cancer Centre. This study will be performed according to the

Research Governance Framework for Health and Community Care (Second edition, 2006).

3.1 Study Population

Thirty patients meeting the eligibility criteria will be approached. We hope to recruit approximately 15
patients who are receiving short course radiotherapy and 15 scheduled to receive long course chemo-
radiotherapy. Patients will be identified through the colorectal cancer multidisciplinary team meeting and
will be approached at Surgical or Oncology clinics at Glasgow Royal Infirmary, Stobhill Hospital or The
Beatson West of Scotland Cancer Centre. Each potential participant will be given a Patient Information
Sheet and at a follow up visit invited to provide informed consent in order to participate in the study. The
study will involve volunteering to allow additional biopsies and blood samples to be taken for research
purposes at 4 time points as they undergo treatment with radiotherapy for rectal cancer. Two to four biopsies
will be performed by procto-sigmoidoscopy at the time patients attend for clinical assessments. These will
be performed in the outpatient clinic or at the same time the patient attends for other assessments if this
happens to fall at a convenient time point. For example, some patients may attend endoscopy units for a
post-treatment assessment of response. Procto-sigmoidoscopy is a commonly performed assessment in the
outpatient clinic and plays a role in the assessment of tumour response. All patients recruited to the study
will be aware of what is likely to be involved in this test due to the fact that initial diagnosis of the rectal
cancer will have involved some form of endoscopic assessment. Biopsies from the rectum above the dentate

line should not cause discomfort.

32 Inclusion criteria

e  Over 18 years of age

e  Patients with known rectal cancer (adenocarcinoma) which is due to be treated with radiotherapy
e  Capacity to provide informed consent

e  Willingness to allow additional tumour biopsies to be performed at clinical assessments

e The ability to understand simple written and verbal English

33 Exclusion criteria

e Under 18 years of age

e Patients with bleeding disorders

e  Patients prescribed anticoagulants in whom a bleeding risk would be present (warfarin, dalteparin,
apixiban)

e Patients with tumours at or below the dentate line of the anal canal
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3.4  Identification of participants and consent

Patients will be identified through the colorectal cancer multidisciplinary team meeting and will be
approached at Surgical or Oncology clinics at Glasgow Royal Infirmary or The Beatson West of Scotland
Cancer Centre. Each potential participant will be given a Patient Information Sheet and at a follow up visit
invited to provide informed consent in order to participate in the study. Care will be taken to ensure potential
participants are aware of the requirements of the study protocol in that 1-2 of these proctosigmoidoscopy
assessments and the biopsies taken do not constitute standard management for their condition. Patients will
also be made aware that participation in this research study is entirely voluntary and should they choose not
to be involved or withdraw at any point this will not affect their cancer treatment. Patients who lack capacity

will not be approached.

3.5  Withdrawal of subjects

Patients who choose to withdraw can do so at any point without requirement to provide an explanation. If
they wish any data collected up to that point to be excluded from the study’s analysis all data collected to that
date can be deleted. The study will aim to recruit until we reach 30 patients. If a patient develops
complications related to their cancer treatment or becomes unwell in another way, preventing them
completing their radiotherapy treatment as per local protocols, then it is likely we would withdraw these
patients from the study. This is because they would not receive the standard radiotherapy doses at the desired

time points required to interpret the results from on-treatment biopsies.

4 Study Outcome Measures

Measurements/ QOutcomes

We will ask patients undergoing radiotherapy treatment for permission to perform serial biopsies prior to,
during and after treatment with radiotherapy (at 0, 3, 6 and 12 weeks in long course regimens, 0, 2, 6 and 12
weeks in short course regimens). A blood sample will also be performed at each timepoint. On each
occasion, the biopsies will be placed in formalin and transferred that day by a member of the research team to
Glasgow Biorepository, where they will be cold stored prior to tissue processing. Once tissue has been
sectioned and approved by the pathologist for research use, the tissue will be transferred to Dr Joanne

Edwards lab at the Wolfson Wohl Cancer Research Centre, Glasgow.

Biospecimen collection time points:

[Grab your reader’s attention with a great quote from the document or use this space to emphasize a key

point. To place this text box anywhere on the page, just drag it.]
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5.5 weeks — 28 fractions Up to 12 weeks

A — — — _
N=15 Long course CRT
1 week — 5 fractions Up to 12 weeks
B

Short course

RT

Research Biospecimen collection

| [ [ |
0 weeks 2-3 weeks 6 weeks 12 weeks
1,2,3 2,3 2,3 2,3

1. Mutational profiling, 2. Biopsy assessment, 3. Circulating immune factors

1. Molecular subtyping and assessment of mutations present.

Samples will undergo tumour normal pair sequencing using a comprehensive cancer gene panel of 151

genes. This includes the 30 most common driver mutations in colorectal cancer and will provide a signal for
mutational load. Data obtained will be analysed using a systems biology approach and bioinformatic readouts
to be utilised include simple somatic mutations, copy number alterations and mutational signature. This work
will be performed in collaboration with the David Chang, Peter Bailey and sequencing team at the Wolfson

Wohl Cancer Research Centre, University of Glasgow.

Time Points for analysis: 0 weeks Sample collection: FFPE and whole blood (frozen)

2. Immune cell infiltrates in tumour tissue

IHC will be performed for the following antibodies:

Measures of T cell responses CD3, CDS8 and FOXP3
Measures of myeloid responses CD11b/Gr-1, CD14, CD68
Measures of increased antigen presentation MHC-1, MHC-II

Immune checkpoint expression PD-1, PD-L1, CTLA-4.
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This work will be performed in collaboration with Dr Joanne Edwards’ Lab at the Wolfson Wohl Cancer
Research Centre, Glasgow. We have experience quantifying these markers on tumour biopsies, using a point

count method. This can be done manually or using an automated system.

Time Points for analysis: At 0 weeks, 2-3 weeks, 6 weeks and 12 weeks. Sample collection: FFPE

3. Transcriptional alterations

NanoString nCounter Analysis system will be used to allow analysis of RNA extracted from formalin-fixed
paraffin embedded (FFPE) cancer tissue curls. NanoString nCounter gene expression analysis will be
performed for the nCounter GX Human Kinase array (519 kinase genes) and nCounter Human Cancer
reference array (230 cancer genes). These arrays will allow temporal changes in immune/ inflammatory
signatures to be evaluated before, during and after treatment. Data obtained will be analysed using a systems
biology approach. This work will be performed in subset who exhibit strong T cell responses (N=10). This

work will be performed in collaboration with the David Chang and Joanne Edwards groups.

Time Points for analysis: At 0 weeks, 2-3 weeks, 6 weeks and 12 weeks. Sample collection: FFPE

4. Circulating immunological parameters

Circulating immunological parameters will also be evaluated to assess for temporal changes in the systemic
circulation. This work will be performed by the Biochemistry department and in collaboration with Joanne

Edwards group.
Measures of interest include:
Routinely assessed parameters: Differential white cell count
C-reactive protein and albumin
Circulating cytokines: e.g. ELISAs for IL-1, I1-6, TNF-alpha, IL-10
Flow cytometry: Circulating T cell populations

Circulating myeloid populations

Time Points for analysis: At 0 weeks, 2-3 weeks, 6 weeks and 12 weeks. Sample collection: blood.
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5. Circulating cell free DNA (cfNDA)

Analysis of circulating cell-free DNA (¢fDNA) from serum or plasma samples will allow for a ‘snapshot’ of
the total mutational landscape at each sampling time-point. The use of such liquid biopsies has been

previously shown to identify the presence of occult metastases (29).

Time Points for analysis: At 0 weeks, 2-3 weeks, 6 weeks and 12 weeks. Sample collection: blood.

Sample collection/ storage

After biopsies are performed, they will be placed in formalin and the container will be labelled with a unique
anonymized Study ID by Glasgow Biorepository for processing before transfer to the Wolfson Wohl Cancer
Research Building. Blood samples will be similarly labelled and transferred for storage at -85°C . Blood

sample for cfDNA will be couriered at

5. Assessment of Safety

Although it is not anticipated that these additional biopsies and blood samples taken during treatment will
result in any adverse events, we aim to ensure these procedures are well tolerated and do not result in

additional patient concern.

6. Statistics and Data Analysis

The cohort size of 30 has been chosen as this is a signal finding pilot study. If a strong signal was
demonstrated we may consider expanding the study with appropriate additional ethical approval and funding
applications as required. For example, if we consider evidence of an immune priming response as the
presence of mod-high grade T cell infiltrates in >50% of patients and baseline responses are present in 20-
25%, then in order to detect a significant difference in priming responses (>25%) at a set time point we will
require 28 patients in each group (short vs long course). At the outset, we will plan to recruit 30 patients

(15+15).
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Patient identifiable information including the consent form will be linked to the Study ID and stored in a
locked study file within the Academic Unit of Surgery on Level 2, New Lister Building, Glasgow Royal
Infirmary. All electronic data will be stored on University servers or on an encrypted hard drive. Access will

be by named study researchers including Dr Campbell Roxburgh

A letter will be sent to the patients GP to inform them of study participation.

7. Study Closure

Each patient will be involved in the research study for 12 weeks in total. The study will end when the study
team agrees that our recruitment target has been met (N=30). However, the study will not continue beyond 4
years and if recruitment is so poor that completion cannot be completed within this time frame then the study

would be discontinued.

8. Protocol Amendments

Any change in the study protocol will require an amendment. Any proposed protocol amendments will be
initiated by the CI, Campbell Roxburgh following discussion with the study team and any required
amendment forms will be submitted to the regulatory authority, ethics committee and sponsor. The study
team will liaise with study sponsor to determine whether an amendment is non-substantial or substantial. All
amended versions of the protocol will be signed by the CI and Sponsor representative. Before the amended
protocol can be implemented favourable opinion/approval must be sought from the original reviewing REC

and Research and Development (R&D) office(s).

9. Ethical Consideration

The study will be carried out in accordance with the World Medical Association Declaration of Helsinki
(1964) and its revisions (Tokyo [1975], Venice [1983], Hong Kong [1989], South Africa [1996] and
Edinburgh[2000]).

Favourable ethical opinion will be sought from an appropriate REC before patients are entered into this
study. Patients will only be allowed to enter the study once either they have had the opportunity to review

the patient information sheet and have provided written informed consent.
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The CI, Dr Campbell Roxburgh will be responsible for updating the Ethics committee of any new

information related to the study.

10. Finance and Indemnity

Funding for the study has been secured from the Beatson Cancer Charity. The study is sponsored by NHS

Greater Glasgow & Clyde. The sponsor will be liable for negligent harm caused by the design of the trial.

NHS indemnity is provided under the Clinical Negligence and Other Risks Indemnity Scheme (CNORIS).

11. Publications

The results may be disseminated through peer reviewed scientific journals and conference presentations.

Patients will not individually be notified of the results given the parameters due to be evaluated are not

known to be of clinical value at present. Should patients wish copies of any publications or presentations this

can be provided on request as well as a lay summary of findings.

12.
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FLEXIBLE SIGMOIDOSCOPY PATIENT SATISFACTION QUESTIONNAIRE

TIMEPOINT: Strongly Agree Not Disagree | Strongly
Agree Sure Disagree

Convenience and Accessibility

I felt that I had to wait too long

The service is a place that is easy for me to get
to

I found it hard to find a convenient time to
come to the service

Staff Interpersonal Skills
I felt free to ask the staff questions I wanted to
ask
The staff seemed to hurry me through too
quickly
The staff used words that were hard to
understand

Physical Surroundings
I had enough privacy while the sigmoidoscopy
was being done
Perceived Technical Competence
The physician was too rough when performing
the sigmoidoscopy
I feel confident the sigmoidoscopy was
| performed properly
Pain and Discomfort

I had a lot of pain during the sigmoidoscopy
The flexible sigmoidoscopy was more
comfortable than I expected
The sigmoidoscopy caused me great
discomfort
The sigmoidoscopy was worse than my first
sigmoidoscopy

Expectations and Beliefs
I was very anxious about having the flexible
sizmoidoscopy
I was embarrassed by the sigmoidoscopy
Undergoing sigmoidoscopy will benefit my
health

General Satisfaction
I'was very satisfied with the treatment I
received

I would strongly recommend a sigmoidoscopy
to my friends
I would be willing to have another if necessary
I was happy to undergo the additional
sigmoidoscopy for research purposes

Appendix ITI
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QfGlangW Greater Glasgow

and Clyde

University NHS

Chief investigator: Dr Campbell Roxburgh

Tel: 01412018676 or 01412018527

E-mail: campbell.roxburgh@glasgow.ac.uk
PATIENT CONSENT FORM Version 2 18/01/2018

Title of Project: An investigation into the potential immune priming effect of

chemotherapy and radiotherapy on the tumour microenvironment in rectal cancer

Lay title: Investigating the immune response to radiotherapy in rectal cancer

Please initial box

I confirm that [ have read and understand the information sheet dated....18/01/18

(version 2) for the above study.

I understand that my participation is voluntary and that I am free to withdraw at any time,

without giving any reason, without my medical care or legal rights being affected.

I understand that sections of my medical notes and my study information may be looked at

by the research team and representatives of the study Sponsor (NHS GG&C) where it is
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relevant to my taking part in the research. I give my permission for this access to my

information.

I agree to allow blood samples to be taken for study purposes during my treatment and for

the examination of these samples in the laboratory for the purposes of this study.

I agree to allow extra tumour samples to be taken in endoscopy or clinic during my

treatment and for these to be examined in the laboratory for the purposes of this study

I agree that any surplus blood or tissue samples not used in the laboratory examinations as
part of this research study can be stored for potential future research. All future work will

be ethically approved.

I agree to take part in the above study.

Name of subject/Participant Number Date Signature

Name of researcher Date Signature
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