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10.
Summary

The Epithelial Membrane Antigen(EMA) is known to be
strongly expressed by the majority of adenocarcinomas including
those of the breast, ovary and colon and also weakly by a variety of
normal glandular tissues. This antigen has not, however, been
investigated specifically in colorectal cancer. This thesis investigates
the clinical applications in colorectal cancer of a monoclonal
antibody(MADb), labelled ICR2 after the Institute of Cancer Research,
Sutton, Surrey, which recognises EMA.

The expression of EMA in histological section.s was explored by
immunohistochemical techniques using human paraffin embedded
tissues and the indirect immunoperoxidase staining method. The
majority of primary colorectal cancers and metastases were found to
strongly express the antigen whereas EMA was rarely expressed by
normal colon and by adenomatous polyps only at sites of severe
dysplasia. A further study compared the expression of EMA with
Carcinoembryonic Antigen (CEA) in tissues from a consecutive series of
patients undergoing resection for a colorectal cancer. EMA expression
was found to be more restricted than CEA in that fewer primary and
metastatic cancers expressed the antigen but more specific in that
EMA, unlike CEA, was not expressed by normal colon nor benign
adenomatous polyps. When the antigen expression of the cancers was
graded and compared with standard pathological variables the
expression of CEA was shown to be greater than EMA in most cancers
and that CEA expression of cancers increased from proximal to distal
in the colon.

Immunohistochemistry has been suggested as a means of

detecting microscopic tumour deposits which may be overlooked
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by routine staining methods. This was investigated in a series of
lymph nodes from patients undergoing resection of a colorectal cancer
using MADb's targeting both EMA and CEA and the indirect
immunoperoxidase staining method. The results, however, did not
suggest this to be a clinically useful technique.

Having demonstrated the presence of EMA in colorectal cancer
sections a study was carried out to determine whether this antigen is
present in the circulation of cancer patients, and if so whether it might
be used as a tumour marker. A radioimmunoassay (RIA) using the
MAD ICR2 was used to measure EMA in serum from healthy controls
and patients with breast and colorectal cancer. All serum samples
showed evidence of circulating antigen and the levels in patients with
breast or colon cancer were not significantly different from controls.

To allow the MAb ICR2 to be used for the detection of colorectal
cancer in patients the antibody was labelled with the gamma emitting
radionuclide 111 Indium (11 1In) and its in-vitro stability analysed.
Previous studies have demonstrated that the major limitation to the
detection of gastro-intestinal cancers using 1111y 1abelled MAb's is
the uptake of radioactivity by the liver. This problem was investigated
prior to clinical studies by the use of an in-vitro model consisting of
freshly isolated hepatocytes and the EMA expressing tumour cell line
MCF7. Various reagents were analysed for their ability to reduce the
uptake of radioactivity by the hepatocytes without affecting tumour
cell uptake when 1111n-ICR2 was applied to both cell groups. The
synthétic metal chelating agent diethylene-triamine-pentacetic acid
(DTPA) was found to significantly reduce the hepatocyte uptake
without affecting the tumour uptake of radioactivity when incubated
with the cells or added to the radiolabelled antibody either at the time

of or prior to its application to the cells. The effect of incubating DTPA
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with the radiolabelled antibody was dependent on the concentration of
DTPA and the period of incubation with the radiolabelled antibody.

An imaging study was carried out in patients with known or
suspected colorectal cancer using the 1111y 1abelled MAbB ICR2. A
control group was compared with a group whose injectate was treated
with DTPA and a group whose injectate was treated with DTPA and
who recieved unlabelled MAD prior to 111In-ICR2 administration in
an attempt to reduce the radiolabelled antibody forming circulating
immune complex. The images were independently interpreted by a
clinician with knowledge of the clinical details and investigations and
completely blind by a nuclear medicine specialist provided with no
clinical information. Imaging with 1111y JCR2 was found to be a
sensitive method of detecting primary cancers and detected metastatic
Iymph node deposits pre-operatively. False positive images, however,
were produced with inflammatory lesions and dysplastic benign
polyps and liver metastases could not be detected.

The imaging results were not significantly different in the three
groups of patients outlined above. Analysis of the biodistribution of
11113 ICR2 in these groups of colorectal cancer patients has also
shown there to be no significant difference in the percentage of the
injected dose taken up in the tumour tissue or in the ratio of activity
in the tumour to that of normal colon. The uptake of activity in the
tumour was, however, shown to be related to the antigen expression of
the cancer and also the level of circulating antigen. Chelation of the
1111 JCR2 with DTPA prior to its administration reduced the urinary
excretion of radioactivity but did not reduce the liver uptake of
radioactivity. Unlabelled MAb administration produced a minimal

reduction in the level of circulating immune complex.
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In addition to carrying out external imaging of the colorectal
cancer patients following 11115 JCR2 administation the use of a
radiation detecting probe for the localisation of metastases at the time
of operation was also investigated. This technique, first described in
1984, should theoretically allow smaller lesions to be detected than by
external imaging. The majority of patients with cancer had higher
counts recorded over the tumour than over normal colon whereas
those with benign lesions showed no preferential uptake. Counting
over the lymph nodes in the large bowel mesentery could differentiate
glands containing cancer deposits from those which did not by the
uptake of radioactivity relative to normal colon.

The limitations of intra-operative probing following
radiolabelled MAb administration have not previously been
investigated. A model of the clinical situation was therefore
established using hollow spheres filled with a radioactive solution to
represent 'tumour' deposits placed within a tank containing a mildly
radioactive solution to represent the background radioactivity of
normal tissues. By altering the size of 'tumours' and the ratio of
radioactivity in 'tumour’ to that of background the ability was
investigated of the two currently available forms of radiation detector
to locate the 'tumour' deposit within the background radioactivity
using a statistical criteria of detectability. This study demonstrated
that for the reliable detection of small tumour deposits using an
intra-operative probe a high tumour to background ratio is required,
but that this is within the range of values which have been reported

from patient studies.
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Abbreviations used in this thesis

ApoTf

BSA

Ca
ccDTPA
CBH
CdTe

DAB

DIPY
DTPA
EDHPA
EDTA
EGFR
EMA

F(ab)
Fc

FCS

Fe

Flex
(5)FU
GDP
GICA
HAMA
H&E
HCl
Hemi
Hep
HMFGM
HPLC

Alpha-foetal protein

Apotransferrin

Bacillus Calmette Guerin

Bovine serum albumin

Carcinoma

Bicyclic anhydride of DTPA
Chester Beattie Hooded

Cadmium Telluride
Carcinoembryonic antigen

Caesium

Computerised axial tomography
Diamino benzidine
Desferrioxamine

2,2' dipyridyl

Diethylene Triamine Pentacetic Acid
Ethylendiamine-di (0-hydroxyphenylacetic acid)
Ethylendiaminetetracetic acid
Epidermal Growth Factor Receptor
Epithelial Membrane Antigen

False

Fraction (antibody binding)
Fraction (constant)

Foetal calf serum

Female

Flexure

5 Flourouracil

Gamma Detecting Probe
Gastro-Intestinal Cancer Antigen
Human Anti-Mouse Antibody
Haematoxylin and Eosin
Hydrochloric acid

Hemicolectomy

Hepatocyte .
Human Milk Fat Globule Membrane
High pressure liquid chromatograhy
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Abbreviations (continued)

I.C.
1D.

Ig

1.O.
LP.
LV.
Lt

MADb
MDP
MFGM

MWt
PBS

PMT
PVC

R/S
RIA

S.D.
S.E.
SPECT
TBS
Tc

Tf

Tl
Trans
T/NC
UK.
US.A.
U.Vv.

Iodine

Immune Complex

Injected dose
Immunoglobulin

Indium

Intra-Operative
Intra-Peritoneal
Intra-Venous

Left

Male

Monoclonal Antibody
Methylene Di-Phosphonate
Milk Fat Globule Membrane
Methotrexate

Molecular Weight
Phosphate Buffered Saline
Photo Multiplier Tube

Poly Vinyl Chloride
Reticulo-Endothelial System
Recto-Sigmoid
Radio-Immuno Assay

Radio Immuno Localisation
Standard Deviation
Standard Error

Single Photon Emission Computerised Tomography
Tris Buffered Saline
Technetium

Transferrin

Thallium

Transverse

Tumour to Normal Colon ratio
United Kingdom

United States of America
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Weights and measures

g gram Ci
mg milligram cpm
ug microgram cps
ng nanogram MBq
1 litre A%
ml millilitre kD
ul microlitre |

M molar

mM millimolar

uM micromolar

oM nanomolar

Statement of originality

16.

Curie

counts per minute
counts per second
Megabecquerel
Volts

kiloDaltons

The use of monoclonal antibodies to epithelial membrane

antigen in the investigation of patients with colorectal cancer has not

previously been investigated. The work reported in this thesis has

been carried out entirely by myself in collaboration with and

assisted by other researchers as outlined in the acknowledgements.
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CHAPTER 1

HISTORICAL REVIEW AND BACKGROUND TO THE PRESENT STUDY

CONTENTS
l.1. DIAGNOSIS AND TREATMENT OF COLORECTAL CANCER

i) Screening and early detection
ii) Surgical treatment
iii) Adjuvant therapy

iv) Staging and the detection of recurrence
1.2. THE DEVELOPMENT OF ANTIBODIES TO TUMOUR ANTIGENS

1.3. THE USE OF ANTIBODIES IN COLORECTAL CANCER
i) Serology
a) Circulating tumour antigens
b) Carcinoembryonic antigen(CEA) levels in
colorectal cancer.

c) Other tumour antigens in colorectal cancer

ii) Immunohistochemistry

iii) Radioimmunolocalisation
a) External imaging
b) Intra-operative tumour detection

iv) Therapeutic aspects of monoclonal antibodies
a) The use of antibodies alone |
b) Antibody drug conjugates
c) Antibody targeted radionuclides

d) Antibody conjugated toxins
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1l.4. EPITHELIAL MEMBRANE ANTIGEN(EMA)
i) Discovery

ii) Distribution

1.5. CLINICAL APPLICATIONS OF MONOCLONAL ANTIBObIES
(MAb’s) TO EPITHELIAL MEMBRANE ANTIGEN(EMA)
i) Serological studies
ii) Immunohistochemical studies

iii) Radioimmunolocalisation of cancers

1.6. CONCLUSIONS AND PURPOSE OF THE PRESENT STUDY
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1.1. DIAGNOSIS AND TREATMENT OF COLORECTAL CANCER

Colorectal cancer is the second most éommon cause of
death from malignant disease, with over 18,000 deaths
annually in the United Kingdom.(l).Despite improvements
in the standard of patient care the mortality from this
condition has not improved significantly ovef the last
two decades(2"4), with a mean five year survival
generally less than 50% (5'6).The stage of the disease
at presentation is the most important factor affecting
survival, patients with cancers confined to the bowel
mucosa having greater than 90% 5 year survival, those
with invasion of fhe muscular coat 50-80% and
approximately 30% when regional lymph nodes are

involved(3'7'8).

1.1.1i Screening and early detection

Unfortunately only about 1 in 20 people presenting
with colorectal cancer will have mucosal lesions and
hence a good prognosis(3). The relationship between the
presence of localised disease and a good prognosis has
focused attention on the importance of the early
detection of colorectal cancer and the management of
pre-malignant lesions such as adenomatous polyps(g’ll).
Sigmoidoscopy may be used as a method of screening for
colorectal cancer and in 1978 Gilbertson reported the
findings of proctosigmoidoscopy on asymptomatic
patients over 45 yeafs of age(lz). The initial

procedure discovered 27 cancers in 21,150 patients and
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on annual follow up (mean 5.4 examinations / patient) a
further 13 cancers. By removing all adenomatous polyps
the expected incidence of colorectal cancer in this
defined population was decreased by 90% over the period
1948-1976. Although these results would suggest a
beneficial effect of screening by sigmoidoscopy, this
may not be an acceptable method of screening for many
asymptomatic patients. With symptomatic patients,
however, the use of endoscopy and improvements in
radiological techniques appear to have increased the
number of patients being diagnosed with early
disease(13),

An alternative, non-invasive approach to the early
detection of colorectal cancer is the use of population
screening with faecal occult blood testing(14'16). The
major drawbacks to this form of screening study are
that the patient compliance is generally poor, the
detection rate and test sensitivity low and a long
follow up period is required to pro#e a survival
advantage. Despite these problems occult blood
screening has been shown to increase the number of
early stage cancers detected and should therefore

improve the prognosis(l7'18).

1.1.ii) Surgical treatment

Surgery remains the best treatment option for
patients with colorectal cancer. Although the operative
technique employed is often controversial little

evidence exists that any particular method carries a
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more favourable prognosis. In 1908 Moynihan suggested
high ligation of the inferior mesenteric vessels to be
an important factor in preventing the recurrence of
rectosigmoid carcinoma(l?). This was not supported,
however, by the study of Pezim and Nicholls(20) which
analysed the 5 year survival of 1370 patients
undergoing surgery for cancers of the rectum and
rectosigmoid at St Marks Hospital. No difference was
found between those having ligation above and those
having ligation below the left colic vessels. The
importance of a radical removal of regional lymphatics
has also been questioned, with no benefit being shown
in a group of patients undergoing extended abdominal-
iliac lymphadenectomy as opposed to conventional
resection(21),

A no-touch 6perative technique in which the
supplying and draining blood vessels are divided
prior to mobilising the tumour has been advocated by
Turnbull(?2) to limit the known dissemination of tumour
cells at the time of operation(23) and reduce the risk
of recurrence. However, in Turnbull’s study the
survival results were compared between one surgeon
practising, and a group of surgeons who were not
practising the no-touch technique, and the patients
were not randomised. In a prospective controlled trial
the no-touch isolation technique decreased the number
and delayed the development of liver metastases but

with no improvement in survival (24), The importance of
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operative technique to the results of surgery for
rectal cancer was emphasised in the study by Heald
reported in 1986 in which the local recurrence rate of
4% and long term survival of 80% was attributed to the
careful dissection of the mesorectum (22) This study
was, however, uncontrolled and therefore open to

misinterpretation.

1.1.iii) Adjuvant therapy

Because bf the advanced nature of the disease at
presentation surgery is curative in less than half of
those treated (3). In order to improve the results
obtained adjuvant therapies have been investigated.

In 1959 Stearns reported the results.of the use of
pre-operative radiotherapy for rectal carcinomas (26),
Giving 1000-2000 rads in 10 daily fractions resulted in
both a better 5 and 10 year survival in treated over
untreated patients although the study was not
. randomised. A similar dosage‘regime was used by
Roswit in a prospective controlled randomised study
reported in 1975(27) which suggested that radiotherapy
reduced the incidence of Dukes stage C lesions. This
finding has subsequently been supported by the MRC
working partyvon adjuvant radiotherapy(zs) who studied
824 patients with operable rectal cancer. This
randomised multicentre study compared surgery alone,
surgery and a single pre-operative 500 rad fraction of
radiotherapy and surgery following 2000 rads in 10

daily fractions. Although the patients given the higher
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radiotherapy dose had fewer DukeS-C tumours and their
tumours were significantly smaller the 5 year follow up
has shown no difference in recurrence rete nor survival
benefit.

Despite the many studies carried out on adjuvant
chemotherapy‘few have shown any evidence of im?rovement
in the prognosis for patiehts with colorectal cancer. A
large randomised,study carried out by fhe
kGastrointestinal,study group in the U.S.A. compared:
chemotherapy, immunotherapy and a combination of both
with a control gtoup (29), The chemotherapy group
receiving 5-fluorouracil(5FU) and semustine, the
immunotherapy‘group receivihg a methanol extract of the
Bacillus Calmette Guerin(BCG), and the combihation of
both therapies showed no survival advantage over the
control group. Systemic chemotherapy, however, delivers
a relatively small drug concentration‘to the liver
which is the main site of colorectal cancer metastases.
For this reason considerable interest has surrounded
‘the use of adjuvani regionalitherapy. In 1985 the
results of a randomised controlled trial of adjuvant
portal vein 5FU were reported (30), Patiente with no
evidence of liver metastases were randomised to receive
either 1g daily of 5FU into the portal yein over the
first 7 post-op days or no adjuvant treatment.

Fewer liver metastases developed in the treatment
group and the Dukes B patients showed an improved
survival. Encouraging results have also been obtained

in the use of adjuvant systemic 5FU in combination with
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the immune stimulant Levamisole which has been sden to
reduce the period of post-operative
immunosuppresSion (31), Comparing groups of patients
receiving 5FU alone, 5FU with'Levamisole'and a control
group showed death from tumour recurrence on 5 year
follow up to be 44%, 32% and 52% respectively. |
This represented a significant survival adVantage to
" those patients receiving 5 FU and levamisole (32), |

2.80 of significant interest in the adjuvant
treatment of colorectal cancer was the study on the
anti-mitotic drug Razoxane reported in 1986 (33), a5
year follow up of 272 randomised patients showed a
prolonged time to recurrence in the Dukes C patients»
receiving Razoxane. Unfortunately the side effect of
the development of acute leukaemia in three of these
patients would seem to prohibit further evaluation of

‘this drug.

l.1.iv) Staging and the detection of recurrence
Adjuvant radiotherapy and chemothérapy seém to
have benefitted only a small percentage of patients
undergoing surgery for colorectal cancer.
One of,thé reasons for the poor results of
treatment may be incorrect staging and hence
inappropriate or inadequate management of the primary
cancers. Routine staging of patients with colorectal
cancer will be based on a clinical examination,
sigmoidosdopy or colonoscopy, a barium series, chest X-

ray, liver function test and either a radioisotope or
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ultrasound scan of the liver. Newer technology may
improve the results of pre-operative staging.
Computerised axial tomography(CT) has been shown to be
better than either ultrasound or radionuclide imaging
in the detection of liver metastases(3%) and can detect
occult metastases in up to 24% of patients (35). The
liver may also be examined intra-operatively using an
ultrasound probe which is capable of detecting
metastases less than 0.5cm in diameter (30),

With rectal cancers the involvement of lymph nodes
in the mesorectum as well as direct lateral spread have
been shown to be important factors in prognosis and
hence are important aspects of pre-operative staging
(25,37), Although some would claim that éccurate
staging of rectal cancers may be achieved clinically
(38) other alternatives include CT scanning and
endoluminal ultrasound. In a study comparing these
techniques with clinical examination the closest
approximation to operative and pathological findings
was achieved by endoluminal ultrasound. All
these techniques provided useful information on
~direct disease spread but none reliably discriminated
involved from uninvolved lymph nodes_(39X

Approximately 50% of patients undergoing resection
for a colorectal cancer will die of disease
recurrencew(S's).By the time diagnosis of recurrence is
made the majority have disseminated disease and will

not benefit from any operative intervention. Local

disease was found in 27% of patients with recurrence at
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post mortem but diagnosed in 55% of patients in a
prospective clinical study, the difference being
attributed to the clinical under-staging of
disease (40) Methods for the early detection of
recurrent disease are clearly required. Wangsteen
proposed the concept of "second-look" surgery in an
attempt to detect early locally recurrent disease and
reported that 17% of patients undergoing second look
surgery could be returned to a diseaée free
state (41'42).Although the concept may be appealing, in
reality many patients with either no recurrence or
recurrence beyond resection would be required to
undergo surgery for the questionable benefit of a few.
The use of circulating tumour markers as'a guide for
those patients likely to have recurrent disease and
hence to benefit from a second look laparotomy has
therefore been intensively investigated (43,44),
Raised levels of circulating tumour markers, however,
are usually associated with significant disease bulk
and are insensitive for the detection of locally
recurrent disease.

It is apparent that improvements are needed in the
staging of primary cancers, their initial management
including adjuvant therapy, methods for diagnosing
disease recurrence and new treatment modalities. The
discovery of tumour antigens, substances expressed
principally on cancerous tissue, has opened the door to
a new approach to the investigation and treatment of

patients with colorectal cancer by the use of
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polyclonal and more recently monoclonal antibodies to
these tumour associated antigens. Almost every aspect
of present management may be influenced With
immunological methods of cancer screening, the use of
radiolabelled antibodies for improved staging of
primary cancers and detecting recurrences by external
imaging as well as the intra-operative localisation of
tumour deposits using radiation detectors. In addition
further circulating tumour markers may be detected by
antibodies allowing improved methods of diagnosis and
follow up. The present stage in the clinical use of
antibodies in colorectal cancer is reviewed in section

1.3.
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1.2. THE DEVELOPMENT OF ANTIBODIES TO TUMOUR ANTIGENS
In 1953 Foley published the results of work
carried out on the "antigenic properties'of
methycholanthrene-induced tumours in mice of strain of
origin" (45), In these studies Foley demonstrated that
methycholanthrene induced tumours transplanted between
syngeneic (highly inbred) mice could be rejected under
appropriately controlled circumstances. Since these
tumours were transplanted between genetically identical
animals the rejection could only be due to an
immunological response to a newly developed antigen on
the surface of the tumour during neoplastic
transformation. This formed the first conclusive
evidence of antigens forming on chemically induced
tumours which were termed tumor-specific
transplantation antigens as tumour rejection was used
as the reaction to detect their presence.
Although tumour antigens have now been defined on

~ a variety of human tumour tissues none, apart from the
idiotype to the surface Ig found on some B cell
lymphomas(46), have been found to be entirely specific
for cancer. Many tumour antigens represent only
quantitative or qualitative differences from naturally
occurring tissue or serum components and are considered
tumour antigens only in that they are sought by
antibody probes. Examples of such antigens are the
paraproteins associated with multiple myeloma, the

pathological elevations of human chorionic
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gonadotrophin (HCG) in patients with choriocarcinoma
and prostatic acid phosphatase in patients with
carcinoma of the prostate. True tumour antigens are
substances which appear de novo during tumour growth
and include specific tumour antigens and the larger
group of oncofoetal substances (carcinoembryonic
antigen (CEA), alpha foetoprotein (AFP), haemoglobin F

and some enzymes).

Production of polyclonal antisera

The first reports on the use of antibodies in the
treatment of cancer were those of Hericourt and Richet
in 1895(47) who prepared antisera to a human osteogenic
sarcoma in an ass and two dogs and used it in the
treatment of two patients, one with a fiﬁrosarcoma of
the chest wall and the other a gastric cancer. The
initial results stimulated a more extensive study of 50
patients with cancer who similarly were felt to have
benefitted from treatment whereas those given normal
serum obtained no similar response (48).Antisera
raised against tumour tissue contain many clones of
antibodies(polyclonal). Although mény attempts to use
polyclonal sera in therapy have been made since this
time no convincing evidence of a therapeutic potential
has been established. The presence within this mixture
of antibodies against tumour tissue was demonstrated in
1954 by the radioactive labelling of polyclonal
antisera with subsequent specific localisation of

activity in tumour tissue (49),
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It was subsequently demonstrated that not only could
radiolabelled antibodies localise in tumour tissue but
that a therapeutic dose of radioactivity could be
delivered (30) The obvious disadvantage of polyclonal
antisera is the diverse nature of the target antigens,
only some clones of antibodies being related to tumour
tissue. This problem was initially tackled by removal
of the cross reacting antibodies by injection into a
second aniﬁal(51). Results were greatly improved when
the target antigen could be isolated, such as with CEA,
and affinity purification of the polyclonal antisera

was introduced(sz).

Production of monoclonal antibodies

An antigen usually has several determinants, or
epitopes, which can stimulate the conversion of a B
lymphocyte into a plasma cell. Immune responses
therefore result in the production of polyclonal
antibodies. If individual plasma cells were selected
and cloned antibodies with a single defined specificity
could be obtained, but unfortunately plasma cells do
not survive in tissue culture. In 1975 Kohler and
Milstein published their work on the production of
monoclonal antibodies by the fusion of sensitised
lymphocytes and a myeloma cell line (93) This resulted
in the ability to produce a plentiful supply of pure
antibody recognising a single epitope of any specific
antigen and has had a monumental impact on the use of

antibodies as both diagnostic and therapeutic tools.
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1.3. THE USE OF ANTIBODIES IN COLORECTAL CANCER
New applications for the use of monoclonal
antibodies in clinical medicine are being investigated
at a staggering rate. In the field of colorectal cancer
the main areas being explored at present include the

following ;

1.3.1) Serology
1.3.i.a) Circulating tumour antigens
Tumour markers are substances secreted into the
circulation by malignant tumours and which may be used
to assess the presence, stage or progress of disease.
The nature of these markers varies greatly, some being
recognisable products of normal cell metabolism and
others having no known biological function. Normal
products of cellular metabolism which may be produced
in excessive amounts in malignancy include the enzyme
acid phosphatase whose level in the serum has proven of
value in the management of prostatic carcinoma(3%4) and
beta HCG, a hormone useful in the monitoring of germ
7cell carcinomas;(ss).Perhaps the largest group of both
established and potential tumour markers are
glycoproteins, expressed by normal foetal tissues but
not significantly in adult tissues unless neoplasia
arises ; the onco-foetal antigens. Included in this
group are AFP and CEA, which have been shown to be
useful clinical markers of hepatocellular carcinomas

and gastrointestinal cancers respectivelyf(56'57),Many
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other tumour associated antigens have been described.
The majority are not oncofoetal in nature but are
simply expressed more strongly by malignancies than
normal tissues. Some are glycoproteins although the
vast majority of "new" tumour markers are
carbohydrates, such as ca125(58) found in ovarian
cancer and CA 19-9(59) in colonic and pancreatic
cancer.

Other circulating markers of malignancy which have
been investigated in patients with colorectal cancer
include levels of immune complexes (60,61) and the
secretory immunoglobulins IgA and IgM (62'631 Levels
of immune complex were elevated in a high percentage of
patients with benign polyps and equated poorly with
tumour bulk whilst secretory immunoglobulin was
significantly raised only when liver metastases were

present.

1.3.1.b) Carcinoembryonic antigen levels in colorectal
cancer

It is now almost twenty years since CEA was first
suggested as a serum marker in colorectal cancer. Since
this time investigators have looked at many different
applications of the serum CEA level including its use
in diagnosis, staging and detecting recurrent
colorectal cancer. Others have used CEA levels as a
basis for second look laparotomy and to monitor patient

response to chemotherapy.
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The majority of patients with colorectal cancer
have an elevated level of CEA pre-operatively. The
degree of elevation will depend on the arbitrary cut-
off level which is taken as "abnormal". In a series of
518 patients with gastro-intestinal neoplasms studied
by Cooper et al in 1979(64), 78% of patients with
colorectal cancer had a level greater than 2.5ng/ml. In
this series, however, 56% of patients with other
malignancies and almost 50% of those with benign
disease had similarly elevated levels. This would not
suggest a useful role for CEA levels in the screening
for colorectal cancers. A correlation is generally
found between the stage of the disease at presentation
and the CEA level, patients with extensive disease
being more likely to have elevated levelé (65).Although
previously reported not to correlate with resectability
(66) the pre-operative CEA level has been shown on
stastistical analysis to correlate with tumour fixity
(67), The pre-operative CEA level has also been shown
to ha#e a prognostic value, a pre-operative level
greater than 2.5ng/ml being associated with an
increased risk of subsequent local recurrence or of
later metastatic disease‘(sa).

Although the use of CEA levels for the diagnosis
or staging of colorectal cancer has proven to be
disappointing it may have a role in the detection of
recurrent disease following resection. Mach

demonstrated that following curative resections
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CEA levels return to normal and that failure to do so
was suggestive of residual disease (69), Longer follow
up of this series of patients, however, revealed a |
group who had moderately faised and flucﬁuating levels
of CEA but had no evidence of recurrent disease. This
group did not include patients with conditions known to
be associated with elevations in circulating CEA such
as heavy cigarette smokers and those with liver disease
(70) Despite these difficulties a group of patients
could be defined in whom a rise in CEA levels preceded
the recurrence of clinically obvious disease and who
may therefore have benefitted from interventional
treatment. The reported "lag time" was 2-26 months.
Although other authors have supported the concept of a
useful lag in the time between CEA levels becoming
elevated and the recurrence of clinically
detectable disease (71/72) tpe opposite situation was
found by Finlay (73), who demonstrated hepatic
metastases by CT scanning a considerable period of time
before the serum CEA level became elevated. Whether the
finding of asymptomatic recurrent disease by elevations
of post-operative CEA levels and subsequent treatment
will affect the prognosis remains to be established in
long term prospective studies. Despite this some
surgeons have based a second-look operation on a
persistently elevated level (43,74-76) Although
refinements in CEA determination eg. the frequency of
‘serial sampling, slope analysis and CEA nomograms may

increase the certainty with which recurrent disease is
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diaghosed the beneficial effect of second look surgery
remains to be determined.

Treatment based on elevation ofVCEA levels is
likely to be most beneficial when recurrent disease is
minimal and not detectable by conventional means. On
this premise Hine and Dykes(77) prospectively
randomised patients, who were asymptomatic
but had persistently raised CEA levels following
resection for colorectal cancer, for either
chemotherapy or no specific treatment. A course of 5FU
and methyl CCNU produced no significant difference
between treated and untreated groups as regards disease
free interval and survival. The CEA levels in these
patients did, however, show an inflection at the time
of chemotherapy.

The majority of patients with disseminated
colorectal cancer will have elevated CEA levels, the
absolute number depending on the cut off level
selected as normal. Elevated levels of CEA have been
used as a means of monitoring tumour bulk and hence the
response of individual patients to chemotherapy.
Although patients in remission have been found to have
reducing levels of circulating CEA and those with
progressing disease exhibit rising levels, the
correlation is poor in the majority of patients
(78,79), serum levels of CEA have also been shown to
correlate poorly with radiological evidence of tumour

regression (80),



36.

1;3.1;c) Other tumour markers in colorectal cancer

The gastrointestinal caﬁcer antigen (GICA) is
recognised by a monoclonal antibody CA19-9, raised in
‘the mouse to a human colorectal carcinoma cell linel
swi116(81), Initially the antigen was believed
to be specific to the sera of pafients with colorectal
cancef (82) ang to be onco—foetal.in origin. Since. this
time, however, antibody CA19-9 has been.shown by
immunocytbchemistry to bind to both pancreatic and
gastric tumours (83) and elevated antigen levels in
serum are to be found associated Withbthese
malignancies rather than with colorectal cancers (84),
The specificity of the CA1§-9 test for diagnosing
malignancy is high with less than 2% of normal people
having elevated levels but its sensitivity is lowert
than that of CEA for colorectal cancers. An alternative
role for GICA‘in the diagnosis and infestigation of
pancreatic carcinoma appears to be more promiéing at
present (85-87) Prospective studies are awaitedvto
determine the value of serial CA 19-9 estimations‘in'
the routine follow up of patients following résection
of a colorectal cancer. |

Other carbohydrate molecules may be useful as
potential tumour markers. For example Stage Specific
Embryonic Antigen-1 (SSEA-1) and the Lewis® antigen
have -been detected in coloredtal cancer tissues
using Fluorescein labelled monoclonal antibodies (88)
énd by RIA in.the serum of patients with colorectal

cancer. Low levels, however, may be present
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in the serum and tissues of normal individuals and in
those with non neoplastic diseases (89), Elevated serum
lévels of secretory immunoglobulins have been reported
in some patients with colorectal cancers, and may
signify the presence of metastatic disease (62,63)
Circulating immune complexes have also been monitored
in patients with colorectal cancers and following a
curative resection or in normal controls the levels of
immune complex are minimal. In advanced disease,
however, the serum levels of immune complex véry and
correlate poorly with tumour bulk(60,61)

Although individually these other markers may not be
as clinically useful as CEA they may havé a role in the
management of patients with colorectal cancer if
they can be combined into a prognostic index which
accurately predicts those patients likely to develop

recurrence and hence may benefit from adjuvant therapy.
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1.3.ii) Immunohistochemistry
The role of circulating CEA and other tumour
markers has been investigated intensively in patients
with colorectal cancer because of their potential use
for detecting recurrent disease. The expression of
tumour antigens in excised colorectal tissues has yet
to establish a definite clinical role. Several
important applications are, however, being
investigated. In 1984 Heyderman recommended the use of
a panel of monoclonal antibodies to epithelial membrane
antigen (EMA), CEA and prostatic acid phosphatase to
aid in the histological determination of the tissue of
origin of poorly differentiated carcinomas (90), of more
obvious clinical benefit is the use of
immunohistochemistry for the detection of .
micrometastases. In colorectal cancer twb main studies
have been carried out. In 1984 Crowson reported that 4%
of patients with colorectal cancer will have
micrometastases in regional lymph nodes which may be
detected using anti-CEA MAb’'s (91), This contrasts with
a recent study suggesting that 25% of patients with
colorectal cancer have micrometastases detectable by
immunohistochemistryf(92)-The clinical significance of
these findings is great as this may allow improved
staging for patients with colorectal cancer and may
indicate a patient group who would benefit from
adjuvant therapy.
Another important aspect of the

immunohistochemical detection of tumour antigens is
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their use as prognostic markers. The antigen
expression of primary cancers may be categorised with
standard pathological variables to produce better
prognostic indicators in large bowel cancer. This may
help in the selection of patients for adjuvant
therapyr(93’94x

The immunohistochemical staining of tumour
biopsies for a range of tumour antigens may also
provide a means of determining the optimum antibody for
 use in‘any'individual patient for either tumour imaging
with radiolabelled antibodies or for drug, radionuclide

or toxin conjugated antibody therapy.

1.3.iii) Radioimmunolocalisation of colorectal cancers
1.3.iii.a) External imaging
Radio-immunolocalisation (RIL) is a term coined for
the technique of localising tumours following the
administration of radiolabelled antibodies, usually by
imaging with an external gamma camera. Its success is
dependent on the use of an antibody which is
specifically or selectively taken up by tumour tissue
being combined with a radioactive isotope with a
satisfactory half life and energy of emissions.
Localisation experiments using animals with
CEA expressing tumour xenografts implanted
subcutaneously have shown that radio-iodinated anti-CEA
antibodies can successfully localise these tumours

(52,95,96) , on the basis of these experiments

Goldenberg administered hyperimmune goat anti-CEA
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antiserum radio-labelled with 1311 to 18 patients with
diverse carcinomaSw(97). External gamma camera images
were obtained at intervals following administration of
the radio-labelled antibody. The images obtained were
found to be obscured by the blood pool activity of the
radionuciide but this problem could be partly overcome
by computerised subtraction following the
administration of Technetium oxide (?%™rc0,”) and 99Trc
labelled human serum albumin. Of four patients with
advanced colorectal cancers three had positive images
of the primary tumour and the secondary deposits were
identified in all. In the decade since these initial
studies were reported by Goldenberg significant changes
have taken place in the antibodies used for imaging,

the radiolabel and the imaging techniques.

Antibody used in imaging

Early tumour localisation in animal xenografts was
carried out using IgG fractions of anti-CEA serum.
This serum was produced by the repeated innoculation of
CEA derived from colorectal tumours into a host animal
and the subsequent seperation of the IgG fraction (93),
Such antisera contained many antibody species and was
therefore subject to significant cross reactivity.
To reduce this problem antisera were absorbed with
human red blood cells and a variety of human tissues
(liver, lung, spleen, kidney) conjugatedlto a gel
matrix (Sepharose 4B). Further purification was

achieved by affinity chromatography in which an isolate
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of a specific antigen is used'to'separate specific
antibodies from a mixture (antigen immuno- |
absorbent)(97).

Although this allowed a significant improvement in
purity of the antibody thebmost noticeable advance in
antibody production was the development of hybridoma
technology by Kohlei and Milstein in 1975 (53); By the
- fusion of lymphocytes sensitised by CEA with a myeloma
’cell_line a continuous culture of cells producing
monoclonal anti-CEA antibodies could be established.
The results achieved by affinity purified'anti—CEA
antisera in the localisation of colorectal cancers(?7-
104), however, have been similar on a numerieal basis
to monoclonal anti-CEA (105'106). Most studies,
however, have been neither controlled nor had any
quantification of tumour u?take of radio-labelled
antibody. Of the few studies which have quantified
'uptake the ratios of activity in the tumour to normal
colon were feund to range from 2 : 1 (107) o 8.6 : 1
(106) | These values mayvnof be directly comparable,
however, due to differencesvin the dose of antibody
‘and radio-label administered and the interval between
~administration and tissue sampling.

Although anti—CEA'antibodies have been the most
widely used in the radio-immunolocalisation of
colorectal cancers other groups have investigated the
use of monoclonal antibodies to other tumour associated’
antigens. Monoclonal antibody 791T/36 was originally

raised using cultured osteogenic sarcoma cells as
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immunogen and has been shown to localise osteogenic
sarcoma xenografts(los) and human malignant bone
tumours (199), 1t was also found to react with
colorectal cancer cell lines (110) ang
has been used to localise human colorectél cancers
(111-114)  other antibodies which have been used for
the localisation of colorectal cancers have included
17-1a (115) and 19-9 (118) which were raised to
colorectal cancer cell lines. Monoclonal antibody YPC
2/12.1, raised to a membrane extract of a colorectal
cancer, has been reported as being useful in tumour

localisation (117) ; but this was subsequently disputed
(118)

Radionuclides used in tumour imaging

The most widely used radionuclides for the imaging
of colorectal cancers in patients are Iodine 131(1311)
and Indium 111(1111n). 1311 was the first radioisotope
to be used, being covalently bound to the antibody
molecule by either the Iodogen method (119) or the
Chloramine T method (120) There are, however, major
drawbacks to the use of 1311 as a radionuclide for
imaging. Firstly 1311 has a relatively long half-life
of 8 days and tends to persist in the intravascular
compartment. This results in a high background activity
and the need to employ compuferised subtraction
(97,111,121)

techniques using a second radionuclide

Such techniques may, however, result in the production
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of false positive images (122-124)  The administration
of radioiodine also requires the pre-administration of
inactive iodine prior to scanning to block the uptake
of radioactivity in the thyroid gland. Other drawbacks
include the high energy gamma emissions 6f 1317 which
are unsatisfactory for imaging techniques and the
production of unwanted beta emissions. These
difficulties have led some groﬁps to use 11lin as the
radionuclide of choice §102'105'106'114'125). The 11l1n
is attached to the protein molecule by the use of a
chelatiqg agent as originally described by Krejcarek et
al in 1977(126) and later modified by Hnatowich (127-
129), 1111y has the advantage of a shorter half life of
2.8 days, medium energy gamma emissions, no beta
emissions and does not require subtraction techniques
to allow tumour localisation. 1llin labelled antibodies
are, however, taken up by the liver, spleen and bone
marrow independent of the antigen to which they have
been raised and this may seriously prohibit the

localisation of metastatic deposits (130)

Imaging techniques in radioimmunolocalisation

The standard technique for gathering information
following the administration of labelled tumour
associated monoclonal antibodies is planar imaging
using a gamma camera. From the outset of antibody
imaging difficulties arose with imaging due to the high
background activity and low tumour uptake of

radiolabelled antibody.
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With iodinated antibodies this was largely due to
persisting activity in the blood pool. Methods were
therefore introduced for reducing this background
activity by administering a second radionuclide and
by techniques for computer subtraction of images (37),
Considerable controversy persists as to the optimum
method of background subtraction and whether false
positive images are produced.(122'123'124'131'132).In
an attempt to avoid the difficulties inherent in dual
radio-nuclide subtraction techniques interest has
turned to the use of 111lIn linked to the monoclonal
antibody by a metal chelating agent. Regardless of the
radionuclide used, however, a low tumour uptake with a
high background activity produces a planar image whiéh
is difficult to interpret. One possible solution to the
problem is to clear the radiolabelled antibody from the
circulation once tumour localisation has occurred. This
rather novel solution was reported by Begent et al in
1982. A goat anti-CEA MAb was used in patients with
colorectal cancers for localising the lesions.
Liposomally packaged horse anti-goat antibody was
subsequently used to clear the blood pool activity.
Using this technique an improved quality of image was
reported with three of five patients studied (133),
Another method employed in an attempt to improve the
quality of images produced is to produce cross
sectional images using single photon emission

‘computerised tomography (SPECT), a technique analagous

to CT scanning.
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Originally described in 1963(134) tnis technique has
produced an increased sensitivity and specificity in
some studies (135), This may, however, be associated
with the produétion of false positive images as in
planar imaging«(135).A further attempt at improving the
interpretation of immunoscintigraphy involved the
combination of the information obtained from SPECT with
that of conventional CT scanning thus improving the
anatomical localisation of the tumours (136) whether
this is a practical technique for routine imaging
remains to be established.

One distinct alternative to conventional gamma
camera imaging techniques is the application of
positron emission tomography (PET). This technique
utilises the paired gamma-rays produced from positron-
electron interaction. The gamma rays are emitted at
180° to each other and their point of origin can be
accurately located by two opposed linked detectoxrs. The
application of PET to antibody imaging has yet to be

realised.
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1.3.iii.b) Intra-operative tumour detection

Immunoscintigraphy using an external gamma camera
has as yet a limited clinical application in the
investigation of patients with cancer. Although large
primary tumours which are easily localised by other
modalities may be imaged, the small metastatic or
recurrent deposits are rarely detected. Most
investigators have reported their failure to image
tumours of less than 2cm in diameter, with even poorer
results if the tumour is situated deeply. The
fundamental problem lies with the specificity and
affinity of the radiolabelled MAb’s. The uptake of
activity achieved in the tumour tissue is generally
only 0.01-0.001% of the injected dose and tumour to
normal tissue differentials in uptake are 1.3:1 to
g:1(130) phig inevitably results in few counts being
emitted from small tumours against a high background
activity in blood and normal tissues. With deep seated
tumours scatter of activity is an additional problem as
is the attenuation caused by the tissues intervening
between tumour and detector. In addition to these
difficulties certain organs may accumulate a large
percentage of the injected radiolabelled antibody
thereby obscuring antibody localised to cancers in
their vicinity. Uptake by the liver is the main problem
and may, with 1117n 1abelled antibodies, account for up
to 30-40% of the injected dose;(lzsx

One solution is to use a gamma detecting probe

intra-operatively following administration of
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radiolabelled MAb to the patient. By reducing the
distance between the detector and the tumour tissue,
scatter and tissue attenuation are reduced and the
humber of counts from the tumour will be increased as
this is inversely related to the square of the distance
between source and detector. In consequence smaller
tumour deposits can be detected and at lower tumour
to normal colon uptake ratios than would be possible by
external imaging. The potential use in patients with
primary colorectal cancer would be for detection of
metastaticbdeposits outwith the operative field and in
defining the adequacy of resection margins with
adherent tumours. In patients with suspected recurrent
disease such as those with elevated CEA levels
intraoperative radioimmunolocalisation may allow the

detection of occult tumour deposits.

Types of radiation detectors
There are two main types of detector which may be
used for the detection of gamma emissions intra-

operatively.

Scintillation detectors

The scintillation detector comprises a scintillation
crystal which produces pulses of visible light on
interaction with gamma rays énd a photomultiplier tube
(PMT) which converts and amplifies this light signal
into an electrical pulse suitable for analysis and

counting.
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Crystalline sodium iodide (NaI) is the most commonly
used scintillator for nuclear medicine applications,
the crystal being "doped" with a small proportion of
Thallium (NaI(Tl)) to allow it to scintillate
efficiently at room temperatures. An incident gamma-ray
causes ionisation and excitation of electrons within
the crystal which emit photons of visible light on
returning to their original state, the total intensity
of light being proportional to the energy of the gamma
ray detected. NaI(Tl) is an efficient detector of gamma
rays but is fragile, hygroscopic and can be damaged by
rapid temperature changes.

A photoemissive cathode at the front surface of the
photomultiplier tube converts the light output to a
pulse of electrical energy which is then amplified in
many stages by a chain of further electrodes at
successively higher voltages, until an output pulse of
suitable size is produced. This detector system has the
disadvantage in intra-operative applications that a
voltage of approximately 1000V is required by the
PMT which is in close proximity to the patient.

The output signal from the detector system is then
analysed before display. As the height of the
electrical butput signal varies with the energy of the
detected gamma ray and this is characteristic to any
individual radionuclide a pulse height analyser allows
the selection of a range of gamma energies for

counting. This is commonly performed by a counter/timer
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or multichannel analyser and is an important feature of
both scintillation and semiconductor detecting systems
as it controls the proportion of scattered gamma rays
detected allowing increased spatial resolution at the

expense of sensitivity.

Semiconductor detectors

These consist of a crystal of a highly purified
semiconductor which is sensitive to gamma radiation.
When a voltage is applied across the crystal face no
current will flow until an incident gamma ray causes
ionisation. The resulting charge pulsé is then
collected at the electrodes, its size being
proportional to the energy of the detected gamma ray.
This signal is then fed to a preamplifier, an amplifier
and then a counter/timer for display.

The semiconductors Silicon and Germanium have low
sensitivities and require to be operated at liquid
nitrogen temperatures. More recently developed
semiconductors such as Gallium arsenide, Cadmium
telluride and Mercuric iodide, however, are more
efficient at detecting gamma rays and may be operated
at room temperature. Of these CdTe is the most suitable
material which is commercially available. The operative
probes produced with this material are compact and
operate at low voltage allowing them to be portable
when powered by batteries. The disadvantages are that
the small crystals of CdTe which have been produced are

less sensitive gamma detectors than NaI(Tl) and the
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detector systems are more expensive.

Clinical studies utilising intra-operative radiation
detecting probes

Gamma radiation detecting probes have been put to a
variety of clinical uses in the field of nuclear
medicine and novel applications continue to be
described. It is now over 15 years since the first
clinical studies were carried out with semiconductor
detectors(137/138) yhereas the design and clinical
application of an intra-operative scintillation counter
(CsI/T1) had already been described by Morris et al in
1971 for use in patients with thyroid cancer. After a
substantial (therapeutic) dose of 90mCi of 1311
sufficient radionuclide was found to accumulate in an
area of previously unresected tumour which appeared
macroscopically normal tissue to allow its detection
with the gamma detecting probe(GDP) and subsequent
surgical resection. An activity of Smicrocuries was
claimed to localise in a metastasis of 3mm
diameter(139), The detection of osteoid osteomas has
provided another application. This rare bone tumour,
which mainly affects young adults, may be difficult to
detect radiologically but it avidly takes up 99mepe,
polyphosphate. This fact has been exploited in these
patients, by the pre-operative administration of 99mmc
monophosphate or polyphosphate. The adequacy of

surgical resection can then be examined by mobile

scintillation cameras (140) or intra-operative
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scintillation probes(140'145). Similarly Harvey et al
have administered J9Mrc methylene diphosphonate (MDP)
and used a scintillation probe to localise the optimum
site for bone or soft tissue'biopsies\(146).

The use of a semiconductor GDP for the
localisation of radiolabelled MAb was demonstrated
recently by Aitken and his colleagues (147), They
established xenografts of the CEA secreting HX12 tumour
in the flank of nude mice and subsequently injected
them with a polyclonal antiserum to CEA labelled with
131y, Using a CdTe probe to count over the tumour
bearing or the éontralateral thigh they showed
preferential localisation of radio-activity in the
tumour by 24hrs and maximal uptake at 72hrs. At 72
hours the ratio of counts over the tumour to that of
the normal thigh were 1.80+/-0.43 : 1 (mean +/-S.D.).
In this report the probe was also used in a patient
with a rectal carcinoma who had been injected with
1.9mci of 1311 anti-CEA 3 days previously. Very low
count rates were achieved in vivo (100-150 counts/min)
and the ratio between tumour and normal colon was only
1.21 : 1. When tissue from the resected specimen was
assessed in a gamma well counter the tumour : normal
rato was considerably higher at 3.2:1. Further patient
studies were carried out by the same group using the
CdTe probe and 1317 1abelled polyclonal anti-CEA. In
this report patients with both primary and recurrent
colorectal cancers were investigated (148).The mean

tumour count to that of normal colon found intra-
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operatively was 3.97:1 in patients with primary cancers
and 4.18:1 in recurrent cancers, with all tumours
showihg higher counts than that of normal tissue. The
ratio of counts found in vivo, however, ﬁere not
compared to those aséessed by gamma well counting of
the excised épecimens. No clinical benefit of intra;
operative probing was establiéhed»in these patients. Iﬁ
.1986 the same group reported the resulté of an |
additional study using the CdTe probe. On this
occasion the F(ab'), fragments'or whole MAb 17-1A was
labelled with the longer lived radionuclide 1291 (half "
life of 60 days). Of the 18 patients with colorectal
cancer that were studied 5 had primary tumours_and 13
had recurrences(l49). The mean operative tumour to
normal tissue count was 3.4:1 for whole éntibody and
2.3:1 for the F(ab’), fragments. In 3 of the 18
patients (17%) intra-operative probing using the.GDP
assisted the surgeon in localising tumour tissue. In
this study a comparison of the résﬁlts obtained by
gamma well counting of tuﬁour and normal colon from the
resected specimen was made with.intra-operatiﬁe probing
and a ratio of 8.67+/-4.5 : 1 as opposed to 3.46+/-1.9
: 1 was obtained. The number of counts obtained intra-
operatively and the statistical significance accorded
to these cdunts was not, however, mentioned.

A different antigen (Taé 72) was targeted in
colorectal cancer patients using thevsame intra-
operative detector in the report by Sickle-

Santanello et al in 1987 (150) | The Tag 72 antigen is
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expressed by the majority of colorectal cancers and was
targeted with the 1251 1abelled MAb B72.3. In this
investigation the probe counts obtained over the tumour
to that of normal colon ranged from 1.5:1 to 22:1 with
a median of 1151 but these figures were not compared
with those of gamma well counted biopsies. Six of the
31 patients with recurrent cancer underwent probe
directed biopsies which avoided liver resection in two,
changed the operative approach in two and established
subclinical lymph node recurrences in two others.
Whilst this would suggest a useful application of this
technique three false positive localisations were
obtained in this group of patients ; one in an
ischaemic ulcer, a second with an adhesive band and a
third with a site on the anterior abdominal wall.

In addition to continuing their assessment of a CdTe
probe for intra-operative detection of radiolabelled
monoclonal antibodies in patients with colorectal
cancer Martin and his colleagues have carried out
further work in nude mice beafing xenografts of a CEA
secreting human colon carcinoma(131), The cdre probe
was found to be more efficient at counting 1251 than
1317 jabelled antibody. The uptake of activity in
tumours was also found to be greater when a combination
of monoclonal and polyclonal antibody was used than if
either was used alone.

Although there has been a recent upsurge of interest
in the use of CdTe detectors for localising iodinated

antibodies in patients other uses have been suggested
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and explored. Ubhi et al(1984) have reported the
localisation of a mediastinal parathyroid adenoma by
intra-operative probing following the administration of
20lphallium Chloride (152) and the localisation of
I9Mpe_MDP to osteoid osteoma has been monitored using
either a NaI or cd Te detector (143). In the latter
study the CdTe system was found to be more durable,
reliable and sensitive than the NaI system. This,
however, contrasts with the findings of Harcke et al
in which the sensitivity of the CdTe probe was found

to be 2-5% of that of the NaI(153).
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1.3.1iv) Thérapeutic aspects of monoclonal antibodies

The development of hybridoma technology by Kohler
and Milstein in 1975(33) paved the way for the
therapeutic applications of MAb’s by allowing the
production of quantities of antibodies sufficient for
clinical application. Despite the ability to produce
adequate amounts of specific MAb’s several problems
require to be resolved before the therapeutic
application of MAb’s is realised. Firstly the
expression of an antigen by the tumour tissue is
essential for the targeting of therapy. The
heterogeneity of antigen expression, however, may
result in some patients being unresponsive to treatment
whereas in others non antigen-expressing clones of
tumour cells may be selected for survival and result in
tumour recurrence (154), In addition to difference in
antigen expression by cancers, normal human tissues may
also express either the target antigen or a similar
structuré resulting in significant cross reactivity.
The site and nature of the antigen itself is also of
some importance. Although oncogenes have been detected
in many cancers and MAb’s raised to the proteins for
which the oncogenes code may appear to be a logical
advance for therapy this may have no useful application
unless the protein is an accessible constituent of the
cell membrane. Such cell membrane antigens may,
however, be secreted and form a circulating complex

with the MAb-therapy conjugate.
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Moreover the potential of the targeted MAb may be
thwarted by its removal by the reticulo-endothelial
system, the instability of the complex, a lack of
sensitivity of target tissues to the therapeutic agent
or simply the access of a large molecule to the poorly
vascularised tissue found at the core of solid tumour.
Despite these potential problems a vast effort has been
expended over the last ten yearé to define agents which
may be conjugated to monoclonal antibodies and assessed
for the selective destruction of cancer tissues. A
brief overview is given here of some of the agents
which have been considered for targeted therapy, their
in vitro characteristics, and where possible the
results of clinical studies. Four main groups of agents
may be considered:
a) Antibodies alone
b) Antibody-drug conjugates
c) Antibody-radionuclide conjugates
d) Antibody-toxin conjugates
Antibodies against the epithelial membrane antigen are
being investigated for use in the latter three
applications and particular emphasis will be placed on

these studies.
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1.3.iv.a) Thérapeutic aspects of monoclonal antibodies
Monoclonal antibody inhibition of the growth of a

" tumour cell line expréssing the corresponding antigen
in an in-vitro model has been shown with a variety of
antibodies and tumour cell lines(155/156) a5 well as
growth inhibition of tumour xenografts in nude

mice (137), patient studies, hoWever, have been less
promising. In 1982 Sears et al reported the reéults of
a phase 1 trial of monoclonal antibody <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>