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Abstract: Imaging modalities using tumor-directed monoclonal antibodies may be of value to improve
the pre- and intraoperative detection and resection of lymph node (LN) metastatic disease in penile
squamous cell carcinoma (PSCC). We investigated the expression of prostate-specific membrane
antigen (PSMA), vascular endothelial growth factor (VEGF), epidermal growth factor receptor (EGFR)
and epithelial cell adhesion molecule (EpCAM) to analyze their potency for diagnostic applications.
Antigen expression was determined in primary tumors and LNs with and without metastases of
22 patients with PSCC. The total immunostaining score (TIS, 0–12) was determined as the product of
a proportion score (PS, 0–4) and an intensity score (IS, 0–3). EGFR and VEGF expression were high
in primary tumor (median TIS 8) and LN metastases (median TIS 6 and 8, respectively). No EGFR
expression was seen in LNs without metastases. However, LNs without metastases did show VEGF
expression (median TIS 6). No EpCAM or PSMA expression was seen in PSCC. This study shows that
VEGF and EGFR expression is moderate to high in LN metastases of PSCC. Both VEGF and EGFR
warrant further clinical evaluation to determine their value as a target for pre- and intraoperative
imaging modalities in the detection of LN metastases in PSCC.

Keywords: squamous cell carcinoma; penile neoplasms; lymph nodes; antigens; molecular imaging

1. Introduction

Early radical resection of lymph node (LN) metastases in patients with penile squamous cell
carcinoma (PSCC) is paramount, since this is the only treatment to cure patients with lymph node
positive disease [1]. However, radical inguinal LN dissections without LN positive disease are very
common, especially in clinically node negative (cN0) patients [2]. LN resection procedures of the groin
are invasive with a high risk of complications, including wound infections, skin necrosis, lymphedema
and lymphocele formation [3]. Therefore, resection of negative LNs is not desirable. In the last two
decades, dynamic sentinel-node biopsy (DSNB) replaced standard LN dissection in the majority of
cN0 patients [4]. The DSNB procedure reduces treatment-related morbidity. Still, false-negative nodes
in DSNB have been reported [1].

The currently available imaging modalities do not detect small metastases (<10 mm), so they are
not useful in staging patients with non-palpable inguinal nodes. New targeted (bio-optical) imaging
modalities using tumor-directed monoclonal antibodies may be of value to improve the pre- and
intraoperative detection and resection of LN metastatic disease in penile cancer. The monoclonal
antibodies prostate-specific membrane antigen (PSMA), vascular endothelial growth factor (VEGF)
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and epidermal growth factor receptor (EGFR) have already been used as imaging agents for molecular
imaging in various tumors. Prostate-specific membrane antigen (PSMA) is highly expressed in prostate
tissue and prostate carcinoma. In addition, PSMA expression is also detected in the neovasculature of
renal cell carcinoma, transitional cell carcinoma, colon carcinoma and embryonal cell carcinoma [5].
Ga68- and F18-labeled PSMA tracers have been developed for the use of PET-CT in thee diagnostic
evaluation of prostate carcinoma [6]. Vascular endothelial growth factor (VEGF) is overexpressed in
a variety of tumors, including gliomas and carcinomas of the breast, kidney, liver and prostate [7].
Squamous cell carcinomas of the head and neck showed a high expression of epidermal growth
factor receptor (EGFR) [8]. Both VEGF and EGFR have been used as a radiolabeled imaging agent
for molecular imaging in the previously mentioned tumors [9,10]. Previously we reported epithelial
cell adhesion molecule (EpCAM) to be an antigen with high tumor distinctiveness for LN positive
disease in urothelial cell carcinoma (UCC) of the bladder [11]. Besides imaging modalities, the above
mentioned antigens have been used for the development of therapeutic purposes as well.

We hypothesize that one of these antigens could also be a potential protein for the detection of LN
positive PSCC in the diagnostic setting. Therefore, we investigated the expression of PSMA, VEGF,
EGFR and EpCAM using immunohistochemistry in LN metastatic disease of PSCC.

2. Materials and Methods

2.1. Patient Samples

A total of 22 patients with PSCC treated in our hospital were selected as objects of this pilot
study. The primary tumors and 25 lymph node metastases of these patients were available for
immunohistochemistry. All tissue specimens were anonymously coded. The Medical Ethics Review
Board of the University Medical Center Groningen approved this study on 14 December 2017
(METc UMCG 2017/639). Trial registration number (UMCG Research Register): 201700868.

2.2. Immunohistochemistry

EpCAM, PSMA and VEGF expression on the primary tumor, LN metastases and tumor-negative
LNs were determined by immunohistochemistry (IHC) on 4 micrometer-thick paraffin embedded
slides. Normal colon (EpCAM), prostate carcinoma (PSMA) and colon carcinoma (VEGF) served as
positive control specimens. Omission of the primary antibody on positive control specimens served as
negative controls.

Slides were deparaffinized with xylene baths and decreasing grades of alcohol. Depending on the
primary antibody, different methods of antigen retrieval were used. For EpCAM incubation, antigen
retrieval with 0.1% protease for 30 min at room temperature was used. For PSMA and VEGF, antigen
retrieval was performed by heating microwave (500 W) for 15 min in a 10 mM citrate buffer at pH 6.0,
with a cool down period for 15 min afterwards. Endogeneous peroxidase was blocked with 0.3%
hydrogen peroxide in PBS for 20 min in the dark. Slides were incubated with the primary antibodies,
diluted in 1% BSA/PBS for 1 h at room temperature with mouse monoclonal antibody (AB) anti-EpCAM
(1:100, clone VU-1D9, Leica Biosystems, Newcastle, UK), mouse monoclonal AB anti-PSMA (1:50,
YPSMA-1, clone sc-59674, Santa Cruz Biotechnology, Santa Cruz, CA, USA), and mouse monoclonal AB
anti-VEGF (C-1) (1:100, clone sc-7269, Santa Cruz Biotechnology, Santa Cruz, CA, USA). In the secondary
step, slides were incubated with rabbit anti-mouse AB conjugated to polymer-horseradish peroxidase
(DAKO, Glostrup, Denmark), diluted at 1:100 in 1% BSA/PBS with 1% AB serum. In the tertiary step
goat anti-rabbit AB conjugated to polymer-horseradish peroxidase (DAKO, Glostrup, Denmark) was
used, diluted at 1:100 in 1% BSA/PBS with 1% AB serum. Secondary and tertiary antibodies were
incubated for 30 min at room temperature. After every step, slides were washed with PBS and dried.
Next, slides were immersed for 10 min in a solution of 0.05% 3, 3′-diaminobenzidine (Sigma-Aldrich,
Steinheim, Germany) and 0.03% hydrogen peroxide in PBS in the dark for visualization of the signal as
brown staining. After washing with demineralized water, slides were slightly counterstained with
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haematoxylin, dehydrated by increasing grades of alcohol and when dried, mounted with Tissue Tek
film (Sakura Finetek, Leiden, The Netherlands).

Staining of the antigens was compared to the staining of Pan-Cytokeratin (CK AE1/AE3),
an epithelial marker that is positive in the vast majority of PSCC, to secure the accuracy and reliability
of our project.

For CK AE1/AE3 and EGFR, immunohistochemistry was performed in the Autostainer Link 48
(Dako). This includes antigen retrieval (4 min) in protease 3, incubation with the primary antibody
(16 min for Anti-CK AE1/AE3; 8 min for Anti-EGFR) and incubation with the visualization complex
(8 min). Counterstaining was performed with haematoxylin.

2.3. Evaluation of Staining

The immunostaining was evaluated semi quantitatively by an experienced genitourinary
pathologist (M.H.), in a manner that was described previously [11–13]. The proportion score (PS)
multiplied by the intensity score (IS) resulted in the total immunostaining (TIS). The PS, representing
the proportion of the tumor positive for an antigen staining, was scored as 0, none; 1, <10%; 2, 10–50%;
3, 51–80%; 4, >80. The IS, representing the intensity of immunostaining, was scored as 0, no staining;
1, weak; 2, moderate; 3, strong. As IS scoring may be subject to intraobserver variability, IS was also
scored digitally using the Visiopharm intensity app. No significant differences in IS scoring when
comparing the scores of M.H. and the app were present. The IS scores generated by the Visiopharm
app were used in this study.

2.4. Data Analysis

Descriptive analyses were used to describe the results and are shown as median values with
interquartile range. SPSS statistics (version 23.0 for Windows, IBM Corp, Armonk, NY, USA) was used
for analyses.

3. Results

The proportion score of VEGF in both primary tumors (median proportion score (PS) 4) and
metastatic LNs (median PS 4) of PSCC was high (Table 1). The intensity score was more variable (with
a median intensity score (IS) of 2 in primary tumors and in metastatic LNs). This resulted in a high
VEGF expression in primary tumors and in metastatic LNs (median total immunostaining score (TIS) 8,
Figures 1 and 2). In addition, VEGF expression was also present in lymphoid tissue of LNs without
metastasis (median TIS 6). Figure 3. This resulted in a ratio between tumor-to-no tumor tissue of
1.3 ± 1.3 (median ± SD).

EGFR expression was prominent in both primary tumors (median TIS 8, Figure 1) and LN
metastases (median TIS 6, Figure 2). Primary tumors as well as LN metastases showed a median
proportion score of 3. Median intensity score in primary tumor was 2.5 (IQR 2–3) and in LN metastases 2
(IQR 1–2) Table 1. Expression of EGFR was absent in LNs without metastases (Figure 3). In order to test
expression of PSMA and EpCAM in PSCC, a pilot study using five patients was performed (Table 2).
No EpCAM expression was seen in PSCC at all. PSMA expression was only present in endothelial cells
surrounding tumor tissue; the primary tumors were negative (Figures 1 and 2). Therefore, no further
samples were tested for PSMA and EpCAM expression.
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Table 1. Scoring immunoreactivity of vascular endothelial growth factor (VEGF) and epidermal growth
factor receptor (EGFR) on penile squamous cell carcinoma (PSCC), median (interquartile range).

VEGF EGFR

n PS (IQR) IS (IQR) TIS (IQR) PS (IQR) IS (IQR) TIS (IQR)

Primary PSCC 22 4 (3–4) 2 (2–3) 8 (6–12) 3 (2.75–4) 2.5 (2–3) 8 (6–9.75)

LN + PSCC 25 4 (3–4) 2 (2–2) 8 (6–8) 3 (2–3) 2 (1–2) 6 (2–8)

LN 22 3 (2–3) 2 (1.75–2) 6 (3.75–6) 0 (0–0) 0 (0–0) 0 (0–0)

PS: proportion score, IS: intensity score, TIS: total immunostaining score, IQR: interquartile range.

Table 2. Scoring immunoreactivity of all antibodies on PSCC, median (interquartile range).

VEGF EGFR PSMA EpCAM CK AE1/AE3

n TIS (IQR) n TIS (IQR) n TIS (IQR) n TIS (IQR) n TIS (IQR)

Primary PSCC 22 8 (6–12) 22 8 (6–10) 5 0 (0–2) 5 0 (0–0) 22 12 (12–12)

LN + PSCC 25 8 (6–8) 25 6 (2–8) 5 2 (1–2) 5 0 (0–0) 25 12 (12–12)

LN 22 6 (4–6) 22 0 (0–0)

TIS: Total Immunostaining Score, IQR: interquartile range.
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Figure 3. Lymph node without metastasis without (A) EGFR expression, but with (B) VEGF expression.
Original magnification 200×.

As a control for epithelial origin of the tumors, CK AE1/AE3 expression was highly seen in all
samples (primary and LN metastases) with PSCC (Figure 4). Median TIS in primary tumors and
metastatic LNs was 12 (maximum score) (Table 2). Lymph nodes without PSCC were not tested because
no expression was seen in tissue without tumors.
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4. Discussion

To our knowledge, this is the first study that investigated the expression of different antigens in LN
metastatic disease of PSCC. We have shown that VEGF and EGFR are expressed in both primary PSCC
and LN metastases. The expression of VEGF in LN positive disease was higher than the expression of
EGFR. However, background expression of VEGF in LNs without metastases was also presented in
contrast to the expression of EGFR. Different study protocols with different antigen solutions were
used, but staining of VEGF in negative LNs remained. PSMA and EpCAM appeared not to be usable
as imaging targets for PSCC because the negative staining results of these antigens in primary tumors
as well as positive LNs.

We compared our results to the available literature. The immunohistochemical expression of
EGFR in primary PSCCs was evaluated by Lavens et al. and showed a positive staining in 100% of the
evaluated cases, with strong overexpression in most cases (14/17) [14]. Chaux et al. found in 78.6% of
the evaluated cases a positive staining for EGFR [15]. Li et al. found a 53.7% overexpression of VEGF-A
in primary PSCCs [16]. No data about expression of these antigens in positive LNs are available.
We evaluated the expression of EpCAM and PSMA on PSCC because of the availability of imaging
tracers using antibodies against these antigens. Similarly to our results, Froehner et al. also described
weak immunohistochemical staining of PSMA in endothelial cells surrounding a positive LN, but the
absence of staining in tumor tissue [17]. Chang et al. found PSMA expression in the neovasculature
of urologic and a variety of other malignant neoplasms [5]. EpCAM overexpression is associated
with advanced stage, high grade and LN metastasis in some tumors [18]. However, no data about
immunohistochemical expression of EpCAM on PSCC are available. Other alternative biomarkers for
PSCC that have been identified in the literature include p53, with a reported overexpression variation
between 26% and 91%, and HPV-related markers such as P16INK4a [19]. However, no imaging
modalities with these biomarkers are available yet.

The expression of VEGF and EGFR in PSCC and LN metastases of PSCC could be explained by their
properties. VEGF is a protein that is overexpressed in various tumors and is associated with angiogenesis.
Angiogenesis plays a key role in tumor development and metastasis [20]. Increased expression of
VEGF has been described to be associated with disease progression in renal cell carcinoma [21] and
prostate cancer [22]. However, a correlation between VEGF expression and prognosis of PSCC has not
been confirmed yet [16]. EGFR is a protein involved in the pathogenesis and progression of different
carcinoma types [23]. EGFR overexpression in squamous cell carcinoma in the head and neck areas is
known to be associated with a poor prognosis. Moreover, an association between EGFR overexpression
and poor prognosis of penile cancer has been described, especially with disease recurrence and reduced
survival [24]. On the other hand, other studies could not find an association between EGFR expression
and histologic subtype/histologic grade [15]. Unfortunately, because of the low number of patients
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in this study, we were not able to correlate our staining findings with the tumor characteristics of
our patients.

Recently, different studies have shown that anti-EGFR therapy with cetuximab might be useful in
the treatment of advanced PSCC [25–27] Cetuximab has been administered alone or in combination
with chemotherapy to patients with advanced disease. Partial response was seen in lymph node
metastatic disease, especially in patients without visceral or bone metastases [28]. More clinical studies
are needed to investigate whether anti-EGFR therapy can play a role in the treatment of advanced penile
cancer. Anti-VEGF therapy has been used as a cancer treatment in various malignancies, including
renal cell cancer and prostate cancer [29], but also in squamous cell carcinomas. As far as we know,
no data about anti-VEGF therapy against PSCC are available.

Molecular imaging modalities use the expression of specific antigens of tumor tissue. Near-infrared
fluorescent dyes have been coupled to monoclonal antibodies cetuximab and bevacizumab, directed
against EGFR and VEGF, respectively, in order to detect tumor tissue [30]. Although tumor EGFR
expression is associated with fluorescence intensity, only low levels of EGFR expression are required
for imaging [31]. High background uptake in surrounding tissue, for example in muscle, skin or
stroma (tissue without tumor) reduces the specificity of these fluorescence-guided optical imaging
modalities [32]. This also applies for the expression of antigens in other carcinomas located near the
penis. EGFR is overexpressed in prostate cancer, in 31–48% of bladder cancer and 25–77% of colon
and rectal cancer as well [33], which might reduce the specificity for the detection of PSCC by using
imaging modalities with antibodies directed against EGFR. VEGF is also overexpressed in prostate
cancer [7]. The use of PET imaging with antibodies against VEGF in patients with other tumors also
showed normal organ uptake of VEGF, including uptake in normal lymph nodes [34], which is in line
with our results. Heterogeneous antibody distribution of VEGF within patients has been seen as well
as within individual tumors.

Our results show that EpCAM and PSMA are not suitable to use for the detection of PSCC in the
diagnostic setting. Based on our study, EGFR seems a more suitable candidate for molecular imaging
in PSCC based on the higher tumor-to-background ratio compared to VEGF.

5. Conclusions

In this study we demonstrate that both primary PSCC and LN metastases show moderate to high
expression of VEGF and EGFR. Both proteins could be candidates as targets for pre- and intraoperative
imaging modalities in the detection of LN metastases of PSCC. Due to staining of normal lymphoid
tissue in lymph nodes for VEGF, EGFR seems to be the best candidate. Further clinical evaluation
is needed to determine their value as a target for pre- and intraoperative imaging modalities in the
detection of LN metastases of PSCC.
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Abbreviations

AB Antibody
CK Cytokeratin
EGFR Epidermal Growth Factor Receptor
EpCAM Epithelial Cell Adhesion Molecule
IS Intensity Score
LN Lymph Node
PS Proportion Score
PSCC Penile Squamous Cell Carcinoma
PSMA Prostate Specific Membrane Antigen
TIS Total Immunostaining
VEGF Vascular Endothelial Growth Factor

References

1. Hakenberg, O.W.; Comperat, E.M.; Minhas, S.; Necchi, A.; Protzel, C.; Watkin, N. EAU Guidelines on Penile
Cancer: 2014 Update. Eur. Urol. 2015, 67, 142–150. [CrossRef] [PubMed]

2. Kamel, M.H.; Khalil, M.I.; Davis, R.; Spiess, P.E. Management of the Clinically Negative (cN0) Groin Penile
Cancer Patient: A Review. Urology 2019, 131, 5–13. [CrossRef]

3. Koifman, L.; Hampl, D.; Koifman, N.; Vides, A.J.; Ornellas, A.A. Radical Open Inguinal Lymphadenectomy
for Penile Carcinoma: Surgical Technique, Early Complications and Late Outcomes. J. Urol. 2013, 190,
2086–2092. [CrossRef]

4. Horenblas, S.; Jansen, L.; Meinhardt, W.; Hoefnagel, C.A.; de Jong, D.; Nieweg, O.E. Detection of Occult
Metastasis in Squamous Cell Carcinoma of the Penis using a Dynamic Sentinel Node Procedure. J. Urol.
2000, 163, 100–104. [CrossRef]

5. Chang, S.S.; Reuter, V.E.; Heston, W.D.; Bander, N.H.; Grauer, L.S.; Gaudin, P.B. Five Different
Anti-Prostate-Specific Membrane Antigen (PSMA) Antibodies Confirm PSMA Expression in
Tumor-Associated Neovasculature. Cancer Res. 1999, 59, 3192–3198.

6. Maurer, T.; Eiber, M.; Schwaiger, M.; Gschwend, J.E. Current use of PSMA-PET in Prostate Cancer Management.
Nat. Rev. Urol. 2016, 13, 226–235. [CrossRef]

7. Ferrara, N. Vascular Endothelial Growth Factor: Basic Science and Clinical Progress. Endocr. Rev. 2004, 25,
581–611. [CrossRef] [PubMed]

8. Fakurnejad, S.; van Keulen, S.; Nishio, N.; Engelen, M.; van den Berg, N.S.; Lu, G.; Birkeland, A.; Baik, F.;
Colevas, A.D.; Rosenthal, E.L.; et al. Fluorescence Molecular Imaging for Identification of High-Grade
Dysplasia in Patients with Head and Neck Cancer. Oral Oncol. 2019, 97, 50–55. [CrossRef] [PubMed]

9. van Oosten, M.; Crane, L.M.; Bart, J.; van Leeuwen, F.W.; van Dam, G.M. Selecting Potential Targetable
Biomarkers for Imaging Purposes in Colorectal Cancer using TArget Selection Criteria (TASC): A Novel
Target Identification Tool. Transl. Oncol. 2011, 4, 71–82. [CrossRef] [PubMed]

10. Lamberts, L.E.; Koch, M.; de Jong, J.S.; Adams, A.L.L.; Glatz, J.; Kranendonk, M.E.G.; van Scheltinga, A.G.T.T.;
Jansen, L.; de Vries, J.; Lub-de Hooge, M.N.; et al. Tumor-Specific Uptake of Fluorescent
Bevacizumab-IRDye800CW Microdosing in Patients with Primary Breast Cancer: A Phase I Feasibility Study.
Clin. Cancer Res. 2017, 23, 2730–2741. [CrossRef] [PubMed]

11. van der Fels, C.A.M.; Rosati, S.; de Jong, I.J. EpCAM Expression in Lymph Node Metastases of Urothelial
Cell Carcinoma of the Bladder: A Pilot Study. Int. J. Mol. Sci. 2017, 18, 1802. [CrossRef] [PubMed]

12. Spizzo, G.; Went, P.; Dirnhofer, S.; Obrist, P.; Simon, R.; Spichtin, H.; Maurer, R.; Metzger, U.; von Castelberg, B.;
Bart, R.; et al. High Ep-CAM Expression is Associated with Poor Prognosis in Node-Positive Breast Cancer.
Breast Cancer Res. Treat. 2004, 86, 207–213. [CrossRef] [PubMed]

13. Rybalov, M.; Ananias, H.J.; Hoving, H.D.; van der Poel, H.G.; Rosati, S.; de Jong, I.J. PSMA, EpCAM, VEGF
and GRPR as Imaging Targets in Locally Recurrent Prostate Cancer After Radiotherapy. Int. J. Mol. Sci. 2014,
15, 6046–6061. [CrossRef]

14. Lavens, N.; Gupta, R.; Wood, L.A. EGFR Overexpression in Squamous Cell Carcinoma of the Penis.
Curr. Oncol. 2010, 17, 4–6.

http://dx.doi.org/10.1016/j.eururo.2014.10.017
http://www.ncbi.nlm.nih.gov/pubmed/25457021
http://dx.doi.org/10.1016/j.urology.2019.05.005
http://dx.doi.org/10.1016/j.juro.2013.06.016
http://dx.doi.org/10.1016/S0022-5347(05)67982-7
http://dx.doi.org/10.1038/nrurol.2016.26
http://dx.doi.org/10.1210/er.2003-0027
http://www.ncbi.nlm.nih.gov/pubmed/15294883
http://dx.doi.org/10.1016/j.oraloncology.2019.08.008
http://www.ncbi.nlm.nih.gov/pubmed/31421471
http://dx.doi.org/10.1593/tlo.10220
http://www.ncbi.nlm.nih.gov/pubmed/21461170
http://dx.doi.org/10.1158/1078-0432.CCR-16-0437
http://www.ncbi.nlm.nih.gov/pubmed/28119364
http://dx.doi.org/10.3390/ijms18081802
http://www.ncbi.nlm.nih.gov/pubmed/28820475
http://dx.doi.org/10.1023/B:BREA.0000036787.59816.01
http://www.ncbi.nlm.nih.gov/pubmed/15567937
http://dx.doi.org/10.3390/ijms15046046


Diagnostics 2020, 10, 694 9 of 10

15. Chaux, A.; Munari, E.; Katz, B.; Sharma, R.; Lecksell, K.; Cubilla, A.L.; Burnett, A.L.; Netto, G.J. The Epidermal
Growth Factor Receptor is Frequently Overexpressed in Penile Squamous Cell Carcinomas: A Tissue
Microarray and Digital Image Analysis Study of 112 Cases. Hum. Pathol. 2013, 44, 2690–2695. [CrossRef]
[PubMed]

16. Li, D.; Han, Z.; Liu, J.; Zhang, X.; Ren, J.; Yan, L.; Liu, H.; Xu, Z. Upregulation of Nucleus HDGF Predicts
Poor Prognostic Outcome in Patients with Penile Squamous Cell Carcinoma Bypass VEGF-A and Ki-67.
Med. Oncol. 2013, 30, 702. [CrossRef]

17. Froehner, M.; Kuithan, F.; Zophel, K.; Heberling, U.; Laniado, M.; Wirth, M.P. Prostate-Specific Membrane
Antigen-Targeted Ligand Positron Emission Tomography/Computed Tomography and Immunohistochemical
Findings in a Patient with Synchronous Metastatic Penile and Prostate Cancer. Urology 2017, 101, e5–e6.
[CrossRef]

18. Brunner, A.; Schaefer, G.; Veits, L.; Brunner, B.; Prelog, M.; Ensinger, C. EpCAM Overexpression is Associated
with High-Grade Urothelial Carcinoma in the Renal Pelvis. Anticancer Res. 2008, 28, 125–128.

19. Vuichoud, C.; Klap, J.; Loughlin, K.R. The Emerging Role and Promise of Biomarkers in Penile Cancer.
Urol. Clin. N. Am. 2016, 43, 135–143. [CrossRef]

20. Hori, Y.; Ito, K.; Hamamichi, S.; Ozawa, Y.; Matsui, J.; Umeda, I.O.; Fujii, H. Functional Characterization of
VEGF- and FGF-Induced Tumor Blood Vessel Models in Human Cancer Xenografts. Anticancer Res. 2017, 37,
6629–6638.

21. Wierzbicki, P.M.; Klacz, J.; Kotulak-Chrzaszcz, A.; Wronska, A.; Stanislawowski, M.; Rybarczyk, A.;
Ludziejewska, A.; Kmiec, Z.; Matuszewski, M. Prognostic Significance of VHL, HIF1A, HIF2A, VEGFA and
p53 Expression in Patients with Clearcell Renal Cell Carcinoma Treated with Sunitinib as Firstline Treatment.
Int. J. Oncol. 2019, 55, 371–390. [PubMed]

22. Li, R.; Younes, M.; Wheeler, T.M.; Scardino, P.; Ohori, M.; Frolov, A.; Ayala, G. Expression of Vascular
Endothelial Growth Factor Receptor-3 (VEGFR-3) in Human Prostate. Prostate 2004, 58, 193–199. [CrossRef]
[PubMed]

23. Normanno, N.; De Luca, A.; Bianco, C.; Strizzi, L.; Mancino, M.; Maiello, M.R.; Carotenuto, A.; De Feo, G.;
Caponigro, F.; Salomon, D.S. Epidermal Growth Factor Receptor (EGFR) Signaling in Cancer. Gene 2006, 366,
2–16. [CrossRef] [PubMed]

24. da Silva Amancio, A.M.T.; da Cunha, I.W.; Neves, J.I.; Quetz, J.D.; Carraro, D.M.; Rocha, R.M.; Zequi, S.C.;
Cubilla, A.L.; da Fonseca, F.P.; Lopes, A.; et al. Epidermal Growth Factor Receptor as an Adverse Survival
Predictor in Squamous Cell Carcinoma of the Penis. Hum. Pathol. 2017, 61, 97–104. [CrossRef] [PubMed]

25. Wu, J.; Cheng, K.; Yuan, L.; Du, Y.; Li, C.; Chen, Y.; Yang, Y.; Gou, H.F.; Xu, F.; Liu, J.Y. Recurrent
Penile Squamous Cell Carcinoma Successfully Treated with Cetuximab, Chemotherapy, and Radiotherapy.
Clin. Genitourin. Cancer 2016, 14, e135–e137. [CrossRef]

26. Rescigno, P.; Matano, E.; Raimondo, L.; Mainolfi, C.; Federico, P.; Buonerba, C.; Di Trolio, R.; D’Aniello, C.;
Damiano, V.; Palmieri, G.; et al. Combination of Docetaxel and Cetuximab for Penile Cancer: A Case Report
and Literature Review. Anticancer Drugs 2012, 23, 573–577. [CrossRef]

27. Di Lorenzo, G.; Buonerba, C.; Ferro, M.; Calderoni, G.; Bozza, G.; Federico, P.; Tedesco, B.; Ruggieri, V.;
Aieta, M. The Epidermal Growth Factor Receptors as Biological Targets in Penile Cancer. Expert Opin. Biol.
Ther. 2015, 15, 473–476. [CrossRef]

28. Carthon, B.C.; Ng, C.S.; Pettaway, C.A.; Pagliaro, L.C. Epidermal Growth Factor Receptor-Targeted Therapy
in Locally Advanced Or Metastatic Squamous Cell Carcinoma of the Penis. BJU Int. 2014, 113, 871–877.
[CrossRef]

29. Grothey, A.; Ellis, L.M. Targeting Angiogenesis Driven by Vascular Endothelial Growth Factors using
Antibody-Based Therapies. Cancer J. 2008, 14, 170–177. [CrossRef]

30. Cohen, R.; Stammes, M.A.; de Roos, I.H.; Stigter-van Walsum, M.; Visser, G.W.; van Dongen, G.A.
Inert Coupling of IRDye800CW to Monoclonal Antibodies for Clinical Optical Imaging of Tumor Targets.
EJNMMI Res. 2011, 1, 1–13. [CrossRef]

31. Rosenthal, E.L.; Warram, J.M.; de Boer, E.; Chung, T.K.; Korb, M.L.; Brandwein-Gensler, M.; Strong, T.V.;
Schmalbach, C.E.; Morlandt, A.B.; Agarwal, G.; et al. Safety and Tumor Specificity of Cetuximab-IRDye800
for Surgical Navigation in Head and Neck Cancer. Clin. Cancer Res. 2015, 21, 3658–3666. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.humpath.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/24075601
http://dx.doi.org/10.1007/s12032-013-0702-9
http://dx.doi.org/10.1016/j.urology.2016.11.040
http://dx.doi.org/10.1016/j.ucl.2015.08.012
http://www.ncbi.nlm.nih.gov/pubmed/31268155
http://dx.doi.org/10.1002/pros.10321
http://www.ncbi.nlm.nih.gov/pubmed/14716745
http://dx.doi.org/10.1016/j.gene.2005.10.018
http://www.ncbi.nlm.nih.gov/pubmed/16377102
http://dx.doi.org/10.1016/j.humpath.2016.07.041
http://www.ncbi.nlm.nih.gov/pubmed/27864120
http://dx.doi.org/10.1016/j.clgc.2015.10.010
http://dx.doi.org/10.1097/CAD.0b013e328350ead7
http://dx.doi.org/10.1517/14712598.2015.993377
http://dx.doi.org/10.1111/bju.12450
http://dx.doi.org/10.1097/PPO.0b013e318178d9de
http://dx.doi.org/10.1186/2191-219X-1-31
http://dx.doi.org/10.1158/1078-0432.CCR-14-3284
http://www.ncbi.nlm.nih.gov/pubmed/25904751


Diagnostics 2020, 10, 694 10 of 10

32. Warram, J.M.; de Boer, E.; Moore, L.S.; Schmalbach, C.E.; Withrow, K.P.; Carroll, W.R.; Richman, J.S.;
Morlandt, A.B.; Brandwein-Gensler, M.; Rosenthal, E.L. A Ratiometric Threshold for Determining Presence
of Cancer during Fluorescence-Guided Surgery. J. Surg. Oncol. 2015, 112, 2–8. [CrossRef] [PubMed]

33. Harari, P.M. Epidermal Growth Factor Receptor Inhibition Strategies in Oncology. Endocr. Relat. Cancer 2004,
11, 689–708. [CrossRef] [PubMed]

34. Oosting, S.F.; Brouwers, A.H.; van Es, S.C.; Nagengast, W.B.; Oude Munnink, T.H.; Lub-de Hooge, M.N.;
Hollema, H.; de Jong, J.R.; de Jong, I.J.; de Haas, S.; et al. 89Zr-Bevacizumab PET Visualizes Heterogeneous
Tracer Accumulation in Tumor Lesions of Renal Cell Carcinoma Patients and Differential Effects of
Antiangiogenic Treatment. J. Nucl. Med. 2015, 56, 63–69. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/jso.23946
http://www.ncbi.nlm.nih.gov/pubmed/26074273
http://dx.doi.org/10.1677/erc.1.00600
http://www.ncbi.nlm.nih.gov/pubmed/15613446
http://dx.doi.org/10.2967/jnumed.114.144840
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patient Samples 
	Immunohistochemistry 
	Evaluation of Staining 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

