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ABSTRACT: Peritoneal metastasis (PM) occurs in about 10% of patients with colorectal cancer (CRC). Fluorescence imaging can enhance
contrast between cancerous and benign tissue, enabling the surgeon to clearly visualize PM during cytoreductive surgery. This study assessed
the suitability of different biomarkers as potential targets for tumor-targeted imaging of PM of CRC. Tissue samples from primary tumor and PM
from patients with CRC were obtained from the pathology archives and immunohistochemical stainings were performed. Overexpression of the
epithelial cell adhesion molecule (EpCAM) and carcinoembryonic antigen (CEA) was seen in 100% of PM samples and the expression was
strong in >70% of samples. Tyrosine-kinase Met (C-Met) and folate receptor a overexpression was seen in 20% of PM samples. For successful
application of tumor-targeted intraoperative fluorescence imaging of PM, biomarkers need to be identified. We demonstrated that both EpCAM

and CEA are suitable targets for fluorescence imaging of PM in patients with CRC.
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Introduction
Peritoneal metastasis (PM) is frequently seen in patients with
colorectal cancer (CRC). Approximately 5% of patients already
have PM at the time of diagnosis and another 5% will develop
PM during the course of the disease.! Until the 1990s, PM was
considered incurable and treatment consisted of palliative
chemotherapy only. In 1993, Sugarbaker revolutionized the
management of PM with the introduction of cytoreductive
surgery (CRS) followed by hyperthermic intraperitoneal
chemotherapy (HIPEC).? During CRS, all macroscopic tumor
lesions are removed from the peritoneal cavity. Hereafter, a
high dose of heated chemotherapy is administered intraperito-
neally, hereby maximizing the local effect, whereas systemic
exposure is kept to a minimum. Preoperative imaging modali-
ties, including CT; have limited value in the detection of PIM.3#
Due to the small size and superficial nature of PM lesions,
extent of the disease is often underestimated by these modali-
ties.>* As a result, surgical exploration of the abdomen is per-
formed prior to CRS, and the peritoneal cancer index (PCI) is
assessed during the exploration.

Although morbidity (36%) and mortality (8%) associated
with this aggressive treatment is high, patients undergoing
CRS and HIPEC have a significantly improved overall

survival (22.3months) compared with patients undergoing
standard treatment consisting of only palliative chemotherapy
(12.6 months).>7 Survival benefits decrease when a high num-
ber of abdominal regions (6 or 7) are affected by PM and when
the PCl is >17.57 Therefore, accurate assessment of the extent
of the disease and careful patient selection are of utmost
importance. Another prognostic predictor is the completeness
of CRS, and survival percentage is higher in patients with a
macroscopic complete resection compared with patients with
macroscopic residual disease.®’ Thus, clear tumor visualiza-
tion is pivotal for optimal staging and macroscopical radical
resection; as Sugarbaker himself stressed, “It’s what the sur-
geon doesn't see that kills the patient.”!0 At present, surgeons
must rely on inspection with the naked eye and palpation for
intraoperative tumor detection.

Near-infrared (NIR: 700-900 nm) fluorescence imaging is a
relatively novel imaging modality. This technique is eminently
suitable for real-time intraoperative application as the NIR
fluorescent signal can be acquired within milliseconds.
Moreover, NIR fluorescent light is invisible to the human eye
and therefore does not permanently alter the surgical field and
can travel up to 1cm through tissue allowing signal detection
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below the tissue surface.’-13 Near-infrared fluorescence imag-
ing can make use of endogenous tissue properties, but more
commonly, an exogenous fluorescent contrast agent is adminis-
tered intravenously. These fluorescent contrast agents can be
coupled with targeting moieties that specifically bind to a tar-
get, ie, tumor protein. Using an open or laparoscopic NIR fluo-
rescence imaging device, the target can be detected by the
fluorescent signal arising from the contrast agent.”* The
enhanced contrast between cancerous and benign tissue will
enable the surgeon to clearly visualize tumor lesions in real-
time during surgery. In the case of CRS, this will greatly aid in
the initial assessment of PM extent but will also potentially
allow an increase in macroscopically radical resections. The
first clinical trials with tumor-specific fluorescent contrast
agents report successful intraoperative fluorescence imaging of
malignant glioma, head and neck, ovarian, and lung can-
cers.”> ™ Studies with patients with ovarian cancer are espe-
cially interesting, as in this cancer type PM is also frequently
seen. Both studies demonstrated that it was possible to visual-
ize PM in ovarian cancer using a folate receptor—targeting
fluorescent agent.!®!” Fluorescence imaging led to the detec-
tion and subsequent resection of additional tumor lesions that
were otherwise not detected.

These results encourage investigation of fluorescence imag-
ing in PM of CRC. Selection of tumor-targeting fluorescent
contrast agents suitable for imaging of PM of CRC requires
identification of biomarkers with overexpression on PM of
CRC. Immunohistochemical (IHC) staining of tumor tissue is
a validated and commonly used technique to assess the degree
of expression levels of specific biomarkers. The aim of this
study is to assess the suitability of various biomarkers for
tumor-targeted fluorescence imaging of PM of CRC using
IHC. Upregulation of numerous biomarkers in colorectal
tumor tissues is described in the literature.29 Our selection of
biomarkers is based on the availability of fluorescence agents
and the Target Selection Criteria (TASC) scoring system for
biomarkers for imaging purposes.?! When expression of a bio-
marker on a PM is concordant with expression on the primary
tumor, staining of the primary tumor could predict PM expres-
sion and aid in patient selection. Therefore, we also aimed to
determine the concordance between biomarker expression on
the primary tumor and the corresponding PM.

Methods

Sample selection

Tissue samples of all patients diagnosed with CRC who under-
went CRS and HIPEC procedure in Erasmus Medical Center
between March 2014 and September 2015 (n=36) were
reviewed. Formalin-fixed, paraffin-embedded (FFPE) tissue
blocks were obtained from the pathology archives of the
Erasmus Medical Center and the primary care facility if the
primary tumor was previously resected elsewhere. This study
was approved by the Institutional Ethics Committee of the

Leiden University Medical Center (LUMC). All samples were
handled anonymously and used in accordance with the ethical
standards of the local ethics committee and with national
Dutch guidelines (“Code for Proper Secondary Use of Human
Tissues,” Dutch Federation of Medical Scientific Societies).

Immunohistochemistry

Sections of 4um were sliced, collected on StarFrost adhesive
slides, and dried overnight. Sections were deparaffinized in a
series of xylene and rehydrated in decreasing concentrations of
ethanol. After rinsing in distilled water, slides were incubated in
0.3% H,0O, for 20 minutes to block endogenous peroxidase, fol-
lowed by a washing step in water. Antigen retrieval was per-
formed in EnVision FLEX Target Retrieval Solution, Low pH
(PT Link; Dako, Santa Clara, CA, USA) for 10 minutes at 95°C.

Antibodies used for IHC staining of carcinoembryonic
antigen (CEA), tyrosine-protein kinase Met (C-Met), epithe-
lial cell adhesion molecule (EpCAM), and folate receptor o
(FRo) were as follows: monoclonal mouse anti-CEACAMS,
Clone CI-P83-1 (s¢-23928; 0.5 pg/mL; Santa Cruz, Dallas,
TX, USA), polyclonal rabbit anti-cMet (sc-10; 0.5 pg/mL;
Santa Cruz), monoclonal anti-EpCAM, clone MOC31
(DM2014A; 0.05pg/mL; Acris Antibodies, Herford,
Germany), and monoclonal mouse anti-FRa, clone 26B3.F2
(IHC Assay Kit; 4006 K; Biocare Medical, Pacheco, CA, USA).
Folate receptor o staining was done following manufacturer’s
instructions. Normal lung tissue was included as positive con-
trol for FRa staining; for the other 3 biomarkers, an internal
positive control was present. For CEA, C-Met, and EpCAM
staining, primary antibodies were incubated overnight at room
temperature, followed by 3 washes with phosphate-buffered
saline and incubation with EnVision anti-mouse-HRP or
EnVision anti-rabbit-HRP (Dako) for 30 minutes at room
temperature. After another 3 washes, antibody binding was
visualized using 3,3'-diaminobenzidine for 5 minutes. Sections
were rinsed in deionized water, counterstained with hematoxy-
lin, dehydrated, and mounted with Pertex. Next to immunohis-
tochemistry, hematoxylin and eosin staining was performed for
routine pathological evaluation. All slides were scanned using

the Ultra Fast Scanner (Philips, Eindhoven, The Netherlands).

Scoring method

Biomarker expression for the different biomarkers was
assessed in both primary tumor and PM tissue using an
intensity scoring method with a scale ranging from 0 to 3+ (0
for absence of staining, 1+ for weak staining, 2+ for moderate
staining, and 3+ for strong staining). This score was applied to
the epithelial and stromal staining. Representative images of
these intensity scores are depicted in Figure 1. When various
tumor cells within a tumor exhibited different intensity scores
(eg, both 1+ and 2+), the highest score was noted. In addition
to the intensity, also the percentage of positive staining tumor
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Figure 1. Representative epithelial and stromal staining intensities in peritoneal metastasis from colorectal cancer using immunohistochemistry (as
specified in the Methods section) at zoom 10x after immunohistochemistry. Examples of (A) strong 3+ epithelial staining intensity (CEA), (B) moderate
2+ epithelial staining intensity (C-Met), (C) weak 1+ epithelial staining intensity (C-Met), (D) absent 0 epithelial staining (FRa), (E) absent 0 stromal
staining (EpCAM), (F) weak 1+ stromal staining (C-Met), and (G) moderate 2+ stromal staining (CEA). CEA indicates carcinoembryonic antigen; FRa,

folate receptor a.

cells was assessed. Percentages were recorded in quartiles
(25%, 50%, 75%, and 100%). For the purpose of this study, the
intensity scores and percentages were combined in a final
expression score, calculated using the following formula:

Expression score=(Intensity score-1)*4+ (Percentage of
observed expression/25). This gives a linear score of 0 to 12,
with a score of 0 corresponding to absent expression and a
score of 12 corresponding to strong (3+) intensity expression



4 Biomarkers in Cancer

in 100% of tumor cells.?? The tumor was considered positive,
and thus, the biomarker suitable for intraoperative fluores-
cence imaging when the expression score of tumor cells or
tumor stroma was >5. Strong overexpression was defined as a
combined score 29, indicating an expression pattern highly
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was only seen in samples stained for CEA, with a positive
expression in about half of the samples (45%). For EpCAM
and FRa, stromal staining was absent, and for C-Met, stromal
staining was seen in most samples (75%), but expression was
too low (<5) to qualify the staining as positive (Table 1).

For the PM, 20 samples (100%) demonstrated epithelial
expression of EpCAM and CEA staining. The staining was
strong in 90% of samples for EpCAM and in 70% of samples
for CEA. These percentages are similar to the percentages of

Positive epithelial expression
Positive stromal expression

Strong stromal expression

Table 1. Biomarker expression in primary colorectal tumors and corresponding peritoneal metastasis.
Strong epithelial expression

Abbreviations: CEA, carcinoembryogenic antigen; EpCAM, epithelial cell adhesion molecule; FRa folate receptor a.

Total positive expression
Total strong expression

the primary tumor. Stromal staining was not seen for EpCAM,;
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however, stromal CEA expression was again noted in 45% of
samples. Five PM samples had a positive expression for C-Met
(25%), including 4 tissues with positive epithelial expression
and 1 tissue with stromal expression. The FRo expression was
slightly lower, 20%, and limited to epithelial expression. Strong
C-Met or FRa expression was not seen in any of the PM sam-
ples (Table 1).

Concordance between expression scores of primary tumor
and PM was assessed using the Spearman correlation coeffi-
cient. A significant moderate to strong correlation between
primary tumor and PM was seen for the EpCAM (0.688) and
FRa (0.803) epithelial expression score and for the C-Met
(0.461) stromal expression score. For all other scores, correla-
tion between primary tumor and PM was weak (<0.39). When
comparing both the mean tumor and PM score (Table 2), a
clear compatibility is seen between the primary tumor and PM
expression score.

Discussion

Clear intraoperative tumor visualization using NIR fluores-
cence imaging could improve both diagnosis and treatment of
patients with PM of CRC. Near-infrared fluorescence imaging
can be performed during open as well as laparoscopic surgery
and can be applied to various oncologic surgeries, making the
technique suitable for all centers performing colorectal surger-
ies. Potential benefits of fluorescence imaging are already
reported in patients with PM from ovarian cancer using an
ovarian cancer—specific agent.'61® Extrapolation of these results
to patients with CRC requires identification of tumor targets
with overexpression on PM of CRC.

Upregulation of numerous biomarkers in CRC is described
in the literature.?° Suitability of a certain biomarker for fluores-
cence imaging is not only determined by its upregulation but
also influenced by various other factors. In general, an optimal
target exhibits strong and homogeneous overexpression in most
of the tumors. In an attempt to objectively assess the suitability
of a potential biomarker for tumor targeting, Oosten et al?! pro-
posed the use of the TASC scoring system. In addition to the
previously mentioned factors, this system gives scores for extra-
cellular localization of the biomarker, previous use of the bio-
marker in in vivo imaging studies, enzymatic activity in or
around tumor tissue (which will allow the use of activatable
agents), and internalization of the agent. This adds up to a max-
imum score of 22 points. A biomarker with a score >18 should
be considered as a potential target. When applying this score to
biomarkers for CRC, 6 potential targets, including CEA,
EpCAM, and FRa, for tumor-targeted imaging are identi-
fied.?3 The clinical evaluation and use of these potential targets
is entirely depending on the availability of imaging agents for
these targets. Folate receptor o and C-Met targeting clinical
agents have been studied in small groups of patients, and prop-
erties of these agents were found to be suitable for fluorescence
imaging.161924 A fluorescent agent targeting EpCAM is
expected to reach the clinic by the end of this year and a

Table 2. Mean biomarker expression scores for primary colorectal tumors and corresponding peritoneal metastasis and their correlation using Spearman correlation coefficient.
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1.6 (2.3)
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-0.024

44 (2.2)

0,128 3.9 (1.8)

10.6 (2.1)

10.6 (2.0)

0.688

1.6 (1.2)

11.8 (0.9)

Epithelial

expression
score

NA

0.1 (0.2)

0.0 (0.0)

0.461

2.3 (1.6)

1.8 (1.5)

0,191

3.1 (2.9)

-0.076 31 (2.4)

0.1(0.2)

0.1(0.3)
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Abbreviations: CEA, carcinoembryonic antigen; EpCAM, epithelial cell adhesion molecule; FRa folate receptor o; NA, not applicable.
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fluorescent-labeled anti-CEA antibody is currently studied in
patients with CRC (NTR5673). In this study, we evaluated the
most eligible targets for clinical imaging of CRC.The most fre-
quently expressed biomarkers on PM were EpCAM and CEA.
Positive epithelial expression for these biomarkers was seen in
all samples, and most of the samples showed strong expression.
Expression of C-Met and FRa was seen in only 1 out of 5 PM
samples and expression was never strong. Therefore, from the
evaluated markers, EpCAM seems the most favorable target for
intraoperative fluorescence imaging of PM. For CEA, a similar
expression pattern is found, although a strong expression is seen
less frequent compared with EpCAM. A potential advantage of
CEA as imaging target is that apart from expression on the
epithelium, CEA is also expressed in the stroma surrounding
tumor cells. Stroma is often abundantly present in aggressive
tumors and is located at the border, at the invasive front of the
tumor, a location particularly suited for NIR fluorescence
imaging.?® From our data, C-Met and FRo seem less favorable
targets, as expression was not consistently seen in PM and the
level of expression was never strong. Folate receptor o expres-
sion of the primary tumor did show a significant and strong
correlation with the expression of the PM; therefore, staining of
the primary tumor to predict presence of positive expression in
the PM is feasible. Weak correlation coefficients between
expression of the primary tumor and PM were seen for most
other biomarkers; this is likely a consequence of the small vari-
ability between scores, which causes a high likelihood that the
same scores are given based on chance. We expect that tumor
heterogeneity will have an impact on this technique. However,
due to the retrospective nature of this study our sample selection
was limited to 1 PM sample per patient, which precludes assess-
ment of the effect of tumor heterogeneity.

The biomarkers evaluated in this study are suitable for
tumor-targeted fluorescence imaging. Two recently published
studies describe fluorescence-guided surgery of PM in patients
with CRC using the nontargeted dye indocyanine green
(ICG).2027 As ICG does not specifically target tumor biomark-
ers, the use of ICG for fluorescence imaging is based on pro-
cesses that cause aspecific accumulation of the agent in or
around the tumor. Liberale et al?® hypothesize that if it is pos-
sible to visualize small liver tumors or colorectal liver metastases
using ICG, it will also be possible to visualize PM from CRC.
However, retention of ICG around liver tumors is largely a con-
sequence of the hepatic clearance of ICG.2%%° As this process
does not apply to PM, accumulation of ICG in PM was likely
the result of the increased vascular permeability and reduced
drainage in tumor tissue following tumor-induced angiogenesis
(the enhanced permeability and retention [EPR] effect).303 It
is very likely that the lack of specificity of the EPR effect pre-
cludes successful application for intraoperative imaging.’?
Moreover, detection of small PM lesions (<2 mm) based on the
EPR effect is most likely not possible as these lesions are still
avascular, eg, before the angiogenic switch.33 Therefore, the
need for tumor-specific fluorescent agents remains.

We are aware that our study contains several limitations.
First, selection of the biomarkers was not fully comprehensive
because the selection was also based on availability of fluores-
cence imaging agents for these biomarkers. Second, the ana-
lyzed sample size is relatively small. Nevertheless, the study
represents the largest cohort of patients with CRC investigated
for fluorescence imaging of PM. And, third, IHC staining was
not performed on adjacent normal colon tissue. For successful
image-guided surgery, it is essential that the fluorescence ratio
between tumor tissue and healthy background tissue (tumor-
to-background ratio) is greater than 2. The fluorescence ratio
is determined by various factors including affinity of the fluo-
rescent agent for the biomarker, clearance from normal tissues,
and upregulation of biomarker on cancer cells. Concerning
upregulation of the biomarker, a tumor-to-normal (T/N) ratio
of greater than 10 is generally considered sufficient.?* Although
not specifically addressed in this study, expression of EpCAM,
CEA, C-Met, and FRa on normal tissue is well described in
the literature, and all mentioned biomarkers apart from C-Met
have a T/N ratio >10. For C-Met variable, T/N ratios were
reported, ranging from 0.2 to 50.3>3¢ Equally important is the
expression on abnormal, nonmalignant tissue, ie, scar tissue or
inflamed tissue. This should be assessed, as absent or low
expression is warranted to prevent false positive fluorescence.
Although false-positive fluorescence is undesirable, it is not
unsurmountable as long as the sensitivity is high, eg, missing
malignant lesions have worse implications than resection of
nonmalignant lesions. Finally, the effect of various neoadjuvant
treatments on biomarker upregulation in remaining vital tumor

cells should be studied.

Conclusions

In conclusion, this study provides valuable insights in the opti-
mal target for intraoperative fluorescence imaging of PM
from CRC. Positive and generally strong expression of both
EpCAM and CEA was found on PM samples, making these
biomarkers pre-eminently suitable for fluorescence detection
of PM from patients with CRC undergoing CRS and HIPEC.
A fluorescent agent targeting EpCAM is expected to reach
the clinic by the end of this year, and a fluorescent-labeled
anti-CEA antibody is currently studied in patients with CRC
(NTR5673). Therefore, the first intraoperative fluorescence
imaging trials in PM from CRC using tumor-targeting agents
could be approaching soon.
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