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Abstract

INTRODUCTION Vulvar squamous cell carcinoma (vScc) is a rare malig-
nancy with an increasing incidence, especially in young women. Surgical
treatment of vsScc is associated with significant morbidity and high recur-
rence rates, which is related to the limited ability to distinguish (pre)malig-
nant from healthy tissue. There is a need for new tools for specific real-time
detection of occult tumor lesions and localization of cancer margins in pa-
tients with vscc. Several tumor-specific imaging techniques are developed
to recognize malignant tissue by targeting tumor markers. We present a
systematic review to identify, evaluate, and summarize potential markers
for tumor-specific imaging of vscc.

METHODS Relevant papers were identified by a systematic cross-da-
tabase literature search developed with assistance of an experienced li-
brarian. Data were extracted from eligible papers and reported based on
the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines. vscc-specific tumor markers were valued based on
a weighted scoring system, in which each biomarker was granted points
based onranked eligibility criteria: I) percentage expression, I1) sample size,
and 111) in vivo application.

RESULTS In total 627 papers were included of which 22 articles met the
eligibility criteria. Twelve vscc-specific tumor markers were identified
and of these 7 biomarkers were considered most promising: EGFR, CD44Vs,
GLUTI, MRP1, MUC1, CXCR-4 and VEGF-A.

DISCUSSION This overview identified 7 potential biomarkers that can be
used in the development of vscc-specific tracers for real-time and precise
localization of tumor tissue before, during, and after treatment. These bio-
markers were identified in a small number of samples, without discrimi-
nating for vscc-specific hallmarks such as Hpv-status. Before clinical de-
velopment, experimental studies should first aim at validation of these bio-
markers using immunohistochemistry and cell line-based examination,
discriminating for Hpv-status and the expression rate in lymph nodes and
precursor lesions.
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Introduction

Vulvar carcinomas represent around 2-5% of all gynecological cancers and
the incidence is rising, especially in young women.! Vulvar squamous cell
carcinoma (vVscc) is the most common histopathological type and consti-
tutes 80-90% of all vulvar cancers. There are two different pathophysio-
logical pathways for vscc: (1) a high-risk human papillomavirus (HPV) de-
pendent type, accounting for 20% of all vscc’s, which is often associated
with high grade squamous intraepithelial lesion (HSIL) and occurs mostly in
younger women, and (1I) an HPv-independent type associated with lichen
sclerosis which is mostly observed in older women.?

Surgery with or without adjuvant (chemo)radiotherapy is the corner-
stone of treatment of vscc. Surgical treatment is frequently associated
with significant morbidity, which is partly related to the limited ability to
distinguish between healthy and malignant tissue, both before and during
surgery. Positive surgical margins are associated with high local recurrence
rates up to 40% and corresponding poor survival (5-year survival for recur-
rent VSCC is reported to be 25-50%).3* In addition, precursor lesions are
often found adjacent to the tumor, which are sometimes difficult to identify
clinically with current available imaging modalities. Consequently, incor-
rect identification results in re-excisions, local recurrences, regional me-
tastases and associated worse prognosis. Moreover, when (pre)malignant
lesions are located near the urethra, clitoris, or anus, surgery may be tech-
nically challenging with suboptimal results, ensuing in a decreased quality
of life. This underlines the high unmet medical need for clinicians to more
optimal discriminate tissue abnormalities of the vulva.

Currently there are no real-time techniques to distinguish (pre)malig-
nant from healthy tissue during surgery, equivalent to the pathological as-
sessment of hematoxylin/eosin stained vulvar tissue sections suspected of
tumor invasion. Gynecologists rely on visual and tactile information, and
experience for the identification of tumor tissue or distinction of tissue
margins, before, during and after treatment. Treatment of patients can be
improved upon the availability of safe and specific real-time detection of
occult tumor lesions and localization of cancer margins. Such techniques
will enhance personalized treatment decisions and minimize the risk of
residual disease.

Molecular imaging integrates advanced imaging modalities with probes
targeting molecular biomarkers of interest. This technique plays a signifi-
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cant role in accurate diagnosis of several cancer types and is generally safe
to apply. Animaging probe consists of a contrast label, such as radionuclides
for nuclear based imaging, paramagnetic or electron opaque substances for
radiological techniques, or bioluminescent or fluorescent molecules for op-
tical imaging,” which is conjugated to a molecular imaging agent with high
affinity for a biomarker selectively expressed at the surface of tumor(-as-
sociated) cells (Figure 1). Small molecules, peptides, aptamers, antibodies,
protein fragments and nanoparticles have been used as molecular imaging
agents. After administration of an imaging probe, real-time images of the
tissue of interest can be obtained by a suitable camera system that gener-
ates optical contrast between tumor and surrounding healthy tissue.® This
review will mainly focus on imaging agents applicable for optical imaging,
as this modality benefits of its high-spatial resolution and real-time local-
ization. An example of optical imaging coupled with image-guided surgery
is Fluorescent Guided Surgery (FGS), which has been widely explored in the
last decade.® Particularly, the use of near-infrared (NIR) fluorescence dyes
can most likely provide sufficient tissue penetration for vulvar carcinoma,
though thus far, targeted imaging has not been used to detect vscc.

The following characteristics define a potential protein marker for tar-
geted imaging: extracellular biomarker localization, expression pattern,
tumor-to-healthy tissue ratio, percentage and distribution of positive cells,
and previous use of the biomarker for in vivo targeted imaging.”® Based on
these criteria we rank the feasibility of different vulva-specific biomark-
ers, found through systematic analysis of the scientific literature using the
PRISMA guidelines. The purpose of this review is to provide an overview of
potential tumor specific targets for vscc. These vulva-specific biomarkers
could serve as targets for molecular imaging and help develop a structured
approach of tumor-visualization.

Methods

This study was performed according to the PRISMA guidelines.”

SEARCH STRATEGY

Relevant scientific papers were identified by a systematic online cross-data-
base search performedinJuly 2019, using PubMed, Embase, Web of Science,
Cochrane Library and Academic Search Premier. Search strategies for all
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databases were adapted from the PubMed strategy and developed with as-
sistance of an experienced librarian of the Walaeus Library of the Leiden
University Medical Center (s). The search strategy consisted of the medi-
cal subject headings and text words related to the keywords ‘vulvar carci-
noma’, ‘target proteins’ and abbreviations thereof. See Appendix I for the
complete search strategies for each database.

ELIGIBILITY

Clinical trials (phase 1, 11, and 111), and prospective or retrospective cohort
studies were included. The following eligibility criteria were set: (1) Report
of cell surface protein expression in more than 40% of the human vscc
tumor or tumor-associated cells, such as stromal cells, and (2) Evaluation
of cell surface protein expression by immunohistochemistry. Results from
flow cytometry analysis of cell lines were considered as advantageous but
non-decisive. Animal studies, (systematic) reviews, not-English published
abstracts and case reports were excluded.

TARGET SELECTION

Tumor-specific imaging is based on the distinction between malignant and
healthy tissue. However, information about the expression of the target in
non-malignant vulvar tissue and the pattern of expression is mostly lack-
ing in the included studies. It was therefore chosen to leave these character-
istics out of the target selection and refer to these if known in the descrip-
tive text of the potential marker headings in the result section. To select po-
tential tumor specific targets for optical imaging in vscc, a weighted scor-
ing system was used, adapted from the target selection criteria (tasc) scor-
ing system.®!? Biomarkers were granted points (0-2), based on three cri-
teria (table 1). The criteria where prioritized to value certain criteria more
important than others. The percentage expression score (criterion I) was
chosen the most determinative factor and granted most weight, followed
by the criteria in vivo application score (criterion 11, based on the review of
hernot et al.?), indicating previously use of the target for imaging of other
cancer types. The least weight was assigned to the sample size score (crite-
rion 111). If more than one publication described the same target, the scor-
ing system was applied to all articles. An average expression rate and a total
sample size (n) was calculated for the particular target. Some publications
described multiple potential targets.

CHAPTER S POTENTIAL TARGETS FOR TUMOR SPECIFIC IMAGING OF VSCC

93



Table 1 Target scoring system. Eligible biomarkers are granted points (0-2) based
on three criteria: 1) Percentage expression: percentage of vscc samples expressing the
target of interest; 11 In vivo application: previously in vivo application of an imaging
agent against the target of interest; 111 Sample size: total number of vscc samples tested
within a study.

Target scoring system 0 1 2
1 Percentage expression 50 -65% 66 —80% >81%
11 In vivo application No Yes
111 Sample size 0-9 10 - 50 >50
Results

STUDY SELECTION

The literature searches yielded 1207 records: PubMed n=440; Embase
n=439; Web of Science n=237; Cochrane Library n=9; Academic Search
Premier n=82. After removal of duplicates, 627 records were available for
screening. One investigator (BH) reviewed all titles and abstracts for eligi-
bility based on the above-mentioned criteria, from which 151 full-text arti-
cles were obtained. Of the full-text articles, 129 did not meet the eligibility
criteria: 76 articles described targets not expressed at the cell surface mem-
brane, 29 articles reported a high expression of the target in healthy vulvar
tissue and/or lower expression rates (<40%) of the target in vscc, 8 articles
were not about the expression in vscc and for 8 articles no full-text was
available. In case the investigator (BH) doubted the eligibility of an article,
a second investigator (MVP) reviewed the paper and eligibility for inclusion
in the review was based on consensus. In total, 22 scientific papers were in-
cluded, describing 12 potential tumor targets for vscc. See Figure 2 for the
PRISMA flow diagram of the study selection.

CANDIDATE TARGETS

The 12 targets for tumor-specific imaging of vscc evaluated in the select-
ed 22 scientific papers were scored according to the target scoring system
indicated in Table 1. Scores were summarized in Table 2. With an expres-
sion average of 65% or higher (score >0): EGFR,'2! cD44v6,2272° GgLUT, 2628
MRrP1L'Z1 Muci?? and cxcr-430 were considered potential candidates for
tumor-specific imaging of vscc. Although VEGF-a2%2%3!
age expression of 45% (score o), it fulfilled both other criteria and therefore

showed an aver-
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this marker was included as well. The other evaluated targets were consid-
ered less potential, based on the granted scores (CD34,>? ca 1x,%” spPARC M,!3
ccND1Y BcrP). The seven potential biomarkers for tumor-specific im-
aging in vscc are described below. Description of the biomarkers is based
on their physiological role, expression in tumor and healthy tissue and the
availability of clinical tracers targeted against these biomarkers.

EGFR

Physiologicalrole - Epidermalgrowthfactorreceptor (EGFR)isatransmem-
brane glycoprotein and one of the four members of the Human Epidermal
growth factor Receptor (HER) family of tyrosine kinase receptors, consist-
ing of EGFR/HERI1, HER2/ERB2, HER3/ERBB3 and HER4/ERB4.33 Epidermal
growth factor binding to EGFR leads to cell proliferation. EGFR in normal
epithelium of the skin is mainly expressed in proliferating keratinocytes.>*

Tumor upregulation/expression - Squamous carcinomas frequently over-
express EGFR, which is thought to be characteristic for the loss of differenti-
ation among keratinocytes and associated with a poor prognosis.'>!8 Based
on this literature search, 11 scientific papers described EGFR expression in
vscc with a total of 747 vscc immunohistochemically stained samples. Of
these samples an average of 67% stained positive (range 36-96%), with a me-
dian of 73%. One study observed positive staining for EGFR to be associat-
ed with good to moderate grade of differentiation (p=0.01).° Another study
found a progressive increase in EGFR expression from healthy vulvar tis-
sue to primary malignant tissue to metastatic lesions within the same pa-
tient.!® EGFR expression was reported to be similar among vscc samples
with various FIGO stages.!®?? Two articles reported no difference in EGFR
expression for HPv-dependent or HPv-independent samples.*!° However,
another article described stronger EGFR positivity for IHC mainly in HPV-
independent vscc samples and concluded that EGFR expression trends to-
ward a negative correlation with P16 expression.”® EGFR expression in re-
lation to lymph node metastases showed that increased expression in the
primary vulvar malignancy was significantly associated with presence of
lymph node metastases. Tissue of these lymph node metastases showed
88% EGFR expression.!8

Expression in non-malignant vulvar tissue - One study reported EGFR ex-
pression in some basal cells in 40% of healthy vulvar tissue, in highly dys-
plastic cells in 40% of the VIN 111 and in many neoplastic cells in 80% of
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vulvar condylomata acuminata.?! These data are consistent with another
study wherein 26 out of 61 (43%) healthy vulvar tissue samples stained pos-
itive for EGFR.!® Identical to expression patterns in normal skin, receptor
expression was confined to the basal and parabasal keratinocytes and was
lost as the cells migrated upward toward the surface of the epithelium. No
tumor to healthy ratios for EGFR have been described.

Clinical tracers - A variety of anti-EGFR drugs are currently FDA approved
or tested in clinical trials. Moreover, humanized anti-EGFR monoclonal
antibodies as panitumumab and cetuximab conjugated to a fluorophore
(IRdye800CW) are being tested in several clinical studies for FGS purpos-
esine.g. head and neck squamous cell carcinomas (HNscc) and oropharyn-
geal squamous cell carcinomas (0scc). In a dose-escalation study with ce-
tuximab labeled to near-infrared fluorophore (IRDye800CW) no adverse
events higher than grade 2 were reported.3®

CD44Ve6

Physiological role - cD44 (HCAM, Pgp-1, Hermes antigen) is a cell-surface
glycoprotein involved in cell-cell and cell-matrix adhesion and is widely ex-
pressed in a variety of human tissues. It interacts as a receptor with hyal-
uronic acid (HA) but can also bind with other ligands as collagens or matrix
metalloproteinases (MMP’s). These interactions trigger cell activation, mo-
tility and adhesion to other cells. Different isoforms of CD44 exist due to
complex alternative splicing of transcripts of the CD44 gene. Various CD44
isoforms were broadly investigated in multiple tissue types and revealed
CD44V6 expression to be mainly observed in normal human thyroid, breast,
cervix, placenta and skin tissue.3®

Tumor expression - Aberrant expression of CD44 isoforms like CD44V6 in
human tumors indicates a loss of splice control in malignant cells and has
been associated with poor prognosis in human malignancies as breast and
oropharyngeal cancer.?>¥ The major role of isoform v6 involves cell mi-
gration and invasion and is thereby a metastatic determinant in aggres-
sive stages of several human cancers, mainly in squamous cell carcino-
mas.3® Patients expressing cD44ve in vulvar cancer showed significant-
ly poorer overall and relapse free survival compared with patients whose
tumors lacked cp44ve expression.?*?> In the 4 included scientific papers
from this literature search, the average expression of CD44Ve6 on VSCC tis-
sue was 59% (range 33-99%). Different staining patterns were used to score
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CD44Ve; even the same author used different cut-offs for the conducted
studies.?3?° Two studies concluded cD44V6 expression not to be correlated
to FIGO stage, tumor grade, PTNM classification, histologic grade or type of
treatment.?>?* One study described cD44Ve staining patterns in primary
tumors compared to lymph node metastases and found no obvious differ-
ences.”* cD44ve expression in relation to HPV status was not described in

the included scientific papers.

Table 2 Potential targets for tumor-specific imaging of vscc. Tumor markers are
shown, followed by the number of included papers relating to this target based on the
literature search. Each extracted biomarker is granted points based on ranked criteria;

1) percentage expression, 11) sample size, and 111) in vivo application. Solitary patient trials
are scored in the in vivo application category. EGFR-Epidermal Growth Factor Receptor,
CD44V6-CD44 variant 6, GLUTI1-Glucose transporter 1, MRP1 -Multidrug resistance-asso-
ciated protein, MUC1-Mucine 1, CXCR-4-C-X-C chemokine receptor type 4, VEGF-A-Vascular
endothelial growth factor A, cA 1X-Carbonic anhydrase 1X, SPARC M-Secreted protein
acidic and cysteine-rich M, ccND1-Cyclin D1, BCRP-Breast cancer resistance protein.

Tumor  Expression Invivo Sample size Included papers
marker application

average % score yes/noscore (n) score (n) Author,year

EGFR 70 1 yes 2 747 2 11 Fons 2009, Palisoul 2017,
Koncar 2017, Lee 2007,
Woelber 2012, Oonk 2007,
Dong 2015, Johnson 1997,
de Melo 2014, Brustmann 2007,

Wu 2001

CD44V6  59* 1* no 0 249 2 4 Fons 2007, Tempfer 1996,
Hefler 2002, Tempfer 1998

GLUTI1 68 1 no 0 166 2 3 Van de Nieuwenhof 2010,
Li 2012, Mayer 2014

MRP1 78 1 no 0 79 2 2 Palisoul 2017,Koncar 2017

MUC1 81 1 no ] 30 1 1 Wu2o000

CXCR-4 68 1 no 0 22 1 1 Shiozaki2013

VEGF-A 45 0 yes 2 100 1 3 Fons 2007, Li 2012, Obermair 1996

CD34 58 0 no 0 158 2 1 Dhakal 2013

CA IX 52 0 no 0 25 1 1 Li2o012

SPARCM 49 0 no 0 35 1 1 Koncar 2017

CCNDI1 47 0 no 0 131 1 1 Woelber 2012

BCRP 44 0 no 0 25 1 1 Palisoul 2017

* Borderline value, investigators decided to include this target based on the number of included papers
and the total sample size
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Expression in non-malignant vulvar tissue - None of the included articles has
examined the expression of CD44ve in healthy vulvar or dysplastic tissue.

Clinical tracers - Several peptides® and antibodies*° have shown potency
in CD44ve-targeting. For example, the humanized monoclonal anti-CD44ve
antibody bivatuzumab was shown to be safe in clinical trials and reliably visu-
alized HNscc lesions by nuclear imaging in humans.*! Thereafter, bivatuzum-
ab was conjugated with both a near-infrared fluorescent dye (IRDye8ooCW)
and a radioactive label (Indium-111) to perform dual-modality imaging in a
HNSCC xenograft mice-model. Bivatuzumab accurately detected human

HNSCC xenografts in mice and showed CD44V6 to be a suitable target in vivo.*?

GLUTI

Physiological role - Glucose transporter 1 (GLUTI, solute carrier family 2,
facilitated glucose transporter member 1/SLC2A1) is encoded by the sLC2A1
gene. This uniporter protein is located in the cell membrane and facilitates
the transport of glucose into the cell. It is widely expressed on placental tis-
sue, red blood cells and normal capillaries of the brain, consistently with
the high uptake of glucose in these cells.*3

Tumor expression - Increased glucose intake is also seen after malignant
transformation of tissue triggered by hypoxia-induced gene expression.**
Vvscc is a solid tumor with such a glycolytic phenotype. GLUT1 expression
was analyzed in 3 studies with a total sample size of 166 and was on average
expressed in 68% (range 50-100%) of the vscc samples. In general a diffuse
staining of a large tumor area was observed, with a focally increased stain-
ing intensity, both cytoplasmic and membranous. Less differentiated tu-
mors demonstrated lower GLUT1 expression levels. In several cases, GLUT1
expression was observed directly adjacent to a blood vessel/vascularized
tumor stroma. However, the pattern of GLUTI1 clearly indicated that a large
part of its expression is presumably unrelated to hypoxia. One study inves-
tigating increased GLUTI expression in relation to primary tumor charac-
teristics as differentiation grade, FIGO stage or recurrences found no sig-
nificant associations.?® In the included scientific papers, GLUT1 expres-
sion in relation to HPV status and staining patterns in metastases was not
described.

Expression in non-malignant vulvar tissue - Healthy vulvar tissue showed
weak staining expressed in basal cells and prickle cells.??® One study
described GLUTI1 expression in dysplastic tissue to be comparable to the

CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS

observed low expression in healthy vulvar tissue,?® while another study re-
ported expression levels of dysplastic tissue to be more comparable to up-
regulated expression as seen in vscc tissue.?’

Clinical tracers - Up to now, no clinical studies have been performed with
GLUTI binding tracers. One pre-clinical study showed that a monoclonal
GLUTIantibody conjugated to iron oxide nanoparticles could effectively tar-
get GLUTI positive tumor cells in infantile hemangioma using MR1.** But,
being a glucose channel, GLUTI targeting is more easily established by de-
termining the accumulation of labelled glucose into tumor cells. Metabolic
PET scanning with 18F-fluoro-deoxy-glucose (FDG) makes use of this prin-
ciple and is widely used in the clinic for tumor imaging, including nodal
staging in vulvar cancer.*® A near-infrared version, IRDye8oocw 2-DG, has
been developed and showed specificity in several tumor models in mice,
but these data are not yet confirmed in a clinical study.*’

MRPI

Physiological role - Multidrug resistance-associated protein 1, MRP1 (GS-X),
is a protein that in humans is encoded by the ABCC1 gene. MRP1 is a member
of the ATP-binding cassette transporters. This type of protein transports
molecules across extra-and intracellular membranes. It has been specu-
lated that MRP1 protects against carcinogens by preventing them from en-
tering epithelial cells and is therefore ubiquitously expressed in almost all
human tissues.*® This transporter may therefore play a role in disrupting
optimal cytotoxic agent efficacy by its capacity to mediate efflux of drugs.*’

Tumor expression - Overexpression of MRP1 is known to occur in cancers
as neuroblastoma, breast, and prostate,*° but little is known about the in-
volvement in VSCC. MRP1 expression has been tested in two studies with
a total of 79 vscc samples included, showing 80% expression on average
(range 77-82%). One study described expression of MRPI1 in primary (26/34
samples, 77%) compared to metastatic alteration (22/28 samples, 79%), in-
cluding metastatic lymph nodes and other distant metastases.!”> MRP1 ex-
pression in relation to other tumor characteristics such as FIGO stage or
HPV-status have not been described.

Expression in non-malignant vulvar tissue - None of the included articles
has examined the expression of MRP1 in healthy vulvar or dysplastic tissue.

Clinical tracers - To our knowledge, no clinical studies have been per-
formed with MRP1 binding tracers. Pre-clinical research on inhibition of
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MRPl-mediated transport to avoid multidrug resistance showed that mife-
pristone, doramapimod and celecoxib are potential inhibitors of MRPI ef-
flux.>° Knowing that these small molecules show high specificity for MRrP1,
indicates their potential for tumor-specific tracer. Furthermore, a small re-
combinant scFv antibody directed to an extracellular epitope of the MRP1
in viable malignant cells was isolated. These small Fv-based recombinant
antibodies possess superior tumor penetration capabilities and may possi-
bly be used to selectively target drugs or tumor cells expressing MRP1.>! As
for GLUT1, MRP1 targeting is more easily established by determining the cel-
lular uptake of a non-binding tracer selectively passing MRP1 transporters
into tumor cells. These tracers could be potential for imaging of MRP1 over-
expressing tissues. MRP1 tracers are tested in vitro for different application,
as for instance to study multidrug resistance.>?

MUCI1

Physiological role - Mucine 1(MUC1) is a membrane-bound protein belong-
ing to the mucin family. This protein is O-glycosylated, plays a role in in-
tracellular signaling and is critically important for the formation of a pro-
tective mucous barrier on epithelial surfaces. This protein is normally ex-
pressed on the apical surface of epithelial cells of mucosal surfaces as stom-
ach and pancreas.>

Tumor expression - Overexpression and changes in glycosylation are as-
sociated with carcinogenic development. The one study reporting on MUC1
expression in vscc tested three monoclonal antibodies (MA695, CA15-3 and
DF3) on vulvar tissues. These showed on average positive MUCI expression
of 81% (100%, 84% and 60% for Ma695, CA15-3 and DF3, respectively) in 30
vscc samples tested. Increased MUC1 expression was related to the degree
of differentiation of vscc, prevalence of expression increased gradually
from well through moderately to poorly differentiated vscc. The preva-
lence and intensity of MUC1 expression was tested in 15 of the 30 vscc sam-
ples by Ma69s5, and found to be higher in HPv-negative (48%, 13/15 samples)
compared to HPV-positive tissues (8%, 2/15 samples). There were no signif-
icant associations between MUC1 expression and clinical stage or lymph
node metastases in vscc.?’

Expression in non-malignant vulvar tissue - MUC1 expression by Ma69s5 in
vscc was higher than the expression in VIN 111, HPV-independent VIN III
(4/5) and HPV-dependent VIN 111 (0/1). Both HPV-independent VIN I-1I (n=4),

CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS

HPV-dependent VIN I-1I (n=6), HPV-dependent vulvar condylomata acumi-
nata (n=10) and healthy vulvar tissue (n=5) did not stain positive for MucC1 ac-
cording to one study.?’

Clinical tracers - Due to its overexpression in several other cancers, MUC1
has emerged as a potential target for cancer therapy.>* Monoclonal anti-
body development has historically been hampered by the abundant pres-
ence of aberrant glycosylation of MUC1 on tumor cells. The humanized IgG1
antibody (PankoMab-GEX) is directed against a glycol-epitope and has been
shown to be safe, well tolerated, and promising for anti-tumor activity,
suggesting a possible use as imaging tracer.>> Mouse studies with another
Mucl antibody showed selectivity for ovarian cancer MR imaging.>® Other,
non-antibody based tracers like peptides and aptamers specifically bind-
ing Mucl for imaging applications are under development. These ligands
are relatively easy and cheaper to produce than antibodies, with low tox-
icity and immunoreactivity. A disadvantage for fluorescent based imaging
might be the rapid systemic clearance resulting in a too short circulation
half-life. It was shown that aptamers directed against the mucin 1 (MUC1)
antigen, demonstrated high specificity and uniform penetration in tumor
xenografts.>’

CXCR-4

Physiological role - c-X-c chemokine receptor type 4 (CXCR-4, fusin, CD184)
is a specific receptor for stromal cell-derived factor-1. This factor is en-
dowed with potent chemotactic activity for lymphocytes. CXCR-4 is locat-
ed on the surface of the (tumor)cell membrane and acts with the cb4 pro-
tein to support HIV entering into cells.

Tumor expression - CXCR-4 is known to be overexpressed in at least 23
types of cancer, including breast cancer and prostate cancer.’® The only
study including cXCR-4 in vscc showed 68% expression in 22 tested sam-
ples.3? Expression was mainly seen at the invasive front, at the invading
tumor clusters in deep stroma and in lymph node metastases. The expres-
sion rates of CXCR-4 in primary tumors were shown to be similar in node-
negative and node-positive disease. But at metastatic sites, the expres-
sion rate of CXCR-4 in node positive diseases was very high. CXCR-4 ex-
pression tended to be increased for higher FIGO stages (111-1vV) compared
to lower stages (1-11) although this was not statistically significant (P=0.08).
Furthermore, expression was associated with poor disease prognosis but
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was not an independent prognostic factor. HPv-status in relation to CXCR-4
expression was not described.3’

Expression in non-malignant vulvar tissue - No information is available
on expression in healthy tissue. None of the intraepithelial lesions (n=7)
stained positive for cxcr-4.3°

Clinical tracers - Antibodies, aptamers and peptides against CXCR-4 are
extensively evaluated for molecular imaging purposes, with promising re-
sults.>® An anti-cXCR-4 peptide conjugated to a NIR-dye was tested in vivo
at mice bearing human osteosarcoma xenografts. This showed high NIR
signal intensity within the CXCR-4-positive tumor and within CXCR-4 re-
ceptor-positive organs.®® The T140 peptide antagonist for CXCR-4 was syn-
thesized, containing fluorescent rhenium and technetium for fluorescence
or sPECT dual modality imaging.®! The diagnostic performance of ®4Ga-
Pentixafor, a recently introduced cXCR-4-directed PET tracer in a small co-
hort of breast cancer patients, showed that tumor detection was feasible
but performed less than a glucose based !8F-FDG tracer.®? As cXCRr-4 is also
natively expressed in immune-related cells, background staining in these
tissues must be taken into consideration when evaluating in vivo imaging
results.>’

VEGF-A

Physiological role - Vascular endothelial growth factor A (VEGF-A) is a hep-
arin binding glycoprotein that mainly interacts with the VEGF-R1 and-R2
receptors present on endothelial cell membranes and some cancer cells.
VEGE-A is important for angiogenesis by induction of proliferation and mi-
gration of vascular endothelial cells.

Tumor expression - The protein is encoded by the VEGF-A gene and known
to be upregulated in many, especially hypoxic, tumors.®®* Abnormal blood
vessel formation can form if VEGF-A expression is upregulated or disrupted,
leading to pathological angiogenesis. The three included scientific papers
show an average VEGF-A expression of 45% in vSCC samples (range 25-70%).
It is important to notice that one author observed membranous expression
of VEGF-A in tumor cells,?? whereas others described the expression to be
dominantly in the cytoplasm of epidermal prickle cells and tumor cells as-
sociated with micro vessels.?”>! One author reported no clinically signifi-
cant correlation between VEGF-A expression in relation to the distribution
of FIGO stage (p=0.58), histopathological stage (p=0.69), and histological
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grade (p=0.09).3! HPV-status in relation to VEGF-A expression was not men-
tioned in any of the included articles.?%2%3!

Expression in non-malignant vulvar tissue - One author observed strong
VEGF-A staining in 17% (2/12 samples) of healthy tissue and 70% (7/10 sam-
ples) of VIN tissue.?” Other included authors did not describe VEGF-A ex-
pression in non-malignant tissue.

Clinical tracers - VEGF-A is relatively well investigated in clinical tri-
als for tumor imaging purposes in various cancer types. For instance,
the therapeutic antibody bevacizumab (anti-vEGF) is being tested in vari-
ous clinical feasibility trials (phase 1 and 2) for detection of tumors over-
expressing VEGF-A.® Fluorescence imaging with bevacizumab labelled to
IRDye800CW enabled in-situ detection of additional malignant lesions in
peritoneal carcinomatosis of colorectal origin.®* Additional studies with
fluorescently labeled bevacizumab are planned in for instance endometri-
0sis (NCT02975219). In addition, ranibizumab is an FDA approved humanized
monoclonal antibody with potential for targeting of VEGF-A as well, how-
ever more expensive compared to bevacizumab.

Discussion

In this systematic review, we provide an overview of tumor-specific bio-
markers as potential candidates for tumor-specific imaging in vscc pa-
tients. Seven potential targets were identified from the literature, includ-
ing EGFR, CD44V6, GLUT1, MRP1, MUCI, CXCR-4 and VEGF-A.

EGFR was the most frequently evaluated biomarker in vscc, and showed
an expression in 70% of the 747 tested samples. Based on the availability of
FDA approved anti-EGFR antibodies and the knowledge obtained from pre-
viously executed clinical trials, targeted imaging of vscc with use of EGFR
hashigh potential, although the relatively high expression found in healthy
vulvar tissue is amajor concern.?! The expression of VEGF-A was lower with
45% of the 100 samples tested, however, this target could also be easily used
in a clinical setting because of the availability of FDA approved antibodies.
Research in the field of cD44Vé is mainly performed in HNScc, which has
two different pathophysiological pathways, similar to vscc (via a non-viral
or an HPV-driven oncogenic pathway). Therefore, the concept tested on this
target could easily be translated to application in vscc. GLUT1 shows a rel-
atively high expression in vscc compared to healthy tissue. MRP1 seems to
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have less potency as a tracer, since this protein is ubiquitously expressed in
almostall healthy tissues. MUC1 and CXCR-4 expression were both evaluated
in only one small study with 30 and 22 samples, respectively.

This review is based on the available literature with respect to the ex-
pression of tumor-specific targets in vscc. Although the analysis pinpoints
several potential imaging targets, it should be emphasized that the stud-
ies from which the data are generated were not specifically designed to
prospectively evaluate imaging targets. For such a purpose, these studies
should be supplemented with more details on marker expressioninrelation
to HPV-status, expression in precursor lesions and metastatic lymph node
tissue, and most ideally in comparison with other vscc-specific targets.
The importance of the understanding and incorporation of these vscc-
specific details on marker expression in further research, will be explained
in the following sections.

HpV-independent and HPV-dependent vulvar cancers represent two dis-
tinct types of vscc and have different precursor lesions and clinical out-
comes.? HPV status has not been examined in relation to target expression
in most studies, except for EGFR and MUC1. These targets showed a higher
expressionin Hpv-independent tissue samples compared to HpV-dependent
samples. HPV infected cells are known to express the oncoproteins E6 and
E7, however these are expressed in the cell nucleus and therefore seem not
targetable for optical imaging. An HPV status dependent proteomics study
of vulvar samples could elicit potential proteins expressed exclusively at ei-
ther type. Considering HpV status during target selection could resultin a
more accurate and precise identification in both Hpv-dependent and HPV-
independent (pre)malignant vulvar lesions.

This knowledge about HPv-related expression could also be valuable for
detection of precursor lesions vulvar HSIL and dVIN, as these lesions may
sometimes be difficult to identify clinically and can progress to invasive
vulvar cancer if left untreated. Unfortunately, information on expression
in precursor lesions is mostly lacking for the listed biomarkers.

Tumor-specific imaging of lymph node metastases could also be used
in the treatment for patients with vscc. Lymph node metastases are con-
sidered one of the most important prognostic factor affecting disease-free
and overall survival for vscc patients.®®> Patients with early stage vscc
have a 25% risk of lymph node metastases at the time of diagnosis. Sentinel
lymph node mapping, a non-tumor specific imaging technique, is used for

CHARACTERIZATION OF VULVAR DISEASES: NOVEL IMAGING TOOLS, MODELS AND MOLECULAR TARGETS

the detection of lymph node metastases in these patients.®® The detection
of lymph node metastases by targeted optical imaging could result in a fur-
ther reduction of surgery-related morbidity. Most of the included studies
reported on differences in expression in the primary tumor based on pres-
ence or absence of lymph node metastases. However, some studies report-
ed on target expression in lymph node tissue: in 14 patients with lymph
node metastases mean EGFR expression was 88% versus 65% in the primary
tumor,'® CXCR-4 expression was seen in 100% of the lymph node metasta-
ses (n=4)3% and in all cases in which the primary tumor stained positive for
CD44V6 (3/10) a positive CD44Ve staining in the respective lymph node me-
tastases was ascertained. This data could be useful in targeted detection of
these nodes.”*

Other candidates for tumor-specific imaging in vscc could be tumor-
specifictargetsthatareidentifiedin 0SCC or HNSCC, suchas UPAR. Boonstra
et al described the applicability of an UPAR specific multimodal tracer in
an oral cancer model, combining SPECT with intraoperative guidance.®” In
addition, the use of photodynamic therapy, with for instance 5-ALA, that
showed great potential for both diagnosis and treatment of premalignant
vulvar lesions.®®®° Proteomics or surfaceome studies could identify new
and specific vscc and precursor targets. Until now, these type of studies
are lacking in vulvar (pre)cancers.

This review has several limitations. First, the set of potential biomark-
ers is based on general tumor marker expression, without discriminating
for vscc-specific hallmarks as Hpv-status. Second, only 22 studies could
be included verifying expression of a small number of vulvar samples.
Furthermore, the evaluation of targets was performed using different scor-
ing systems, yielding results that are difficult to compare with wide ranges
of expression. In addition, no tumor-to-healthy cell ratio could be estimat-
ed for the selected biomarkers.

Future studies should include the immunohistochemical analysis of
potential targets in vscc and its precursors. Cohorts should at least in-
clude Hpv-independent and HPV-dependent vscc samples and precursor
lesions, healthy vulvar tissue samples and preferably tissue of respective
lymph node metastases. It is desirable that two antibodies targeting the
same biomarker will be used to test differences in sensitivity. Afterwards,
cellline-based research should be executed to validate a biomarkers poten-
cy as tumor-specific target for vscc, whereafter an antibody or peptide

CHAPTER S POTENTIAL TARGETS FOR TUMOR SPECIFIC IMAGING OF VSCC

105



conjugated to a fluorophore could be tested in vitro and in a tumor mouse
model. Eventually, these findings might have clinical implications in terms
of the development of a vscc-specific probe for the safe and specific real-
time detection of occult tumor lesions.

Conclusions

Based on the currentliterature, we identified seven biomarkers as potential
targets for vscc-specific molecular imaging. This overview can be used as
a first step towards the development of a structured approach of tumor-vi-
sualization in patients with vscc, which could be used for pre-surgical di-
agnosis and real-time and precise localization of vulvar cancer.

Figure1 Optical imaging using Fluorescent Guided Surgery (FGS). A) An example of
an imaging probe used for optical imaging,which consists of a fluorophore (contrast label)
conjugated to an antibody (imaging probe). B) Schematic illustration of a tumor cell and a
healthy cell expressing different biomarkers (pink, orange or blue receptors/proteins). The
imaging probe is able to bind to the overexpressed biomarker of interest on the tumor cell
(pink receptor). The healthy cell does not express this particular biomarker and stays
unstained. Using a proper imaging modality, the tumor cell expressing green fluorescence
light can be distinguished from the healthy cell.
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