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Abstract

Background: Human papillomavirus (HPV) and Epstein-Barr virus (EBV) are important etiological factors for
several cancers. This study aimed to determine the prevalence of HPV and EBYV infection in penile cancer. Methods:
Forty-three formalin-fixed paraffin-embedded penile cancer tissue samples were analyzed for the HPV-induced p16™K#
protein by immunohistochemistry and Epstein-Barr encoding region in situ hybridization. Demographic data and overall
survival were analyzed. Results: The median age of patients was 59 years, ranging from 23 to 91 years old. Most of the
tumors (86%) were located at the tip of the penis. HPV infection was positive in 12/43 (27.9%) patients. EBV infection
was observed in 2/43 (4.6%) of cases and there was no co-infection detected in this cohort. Patients who had p16™K
overexpression had a trend toward longer survival compared to those without; the median survival time of 104.4 vs 89
months, the hazard ratio of 0.48 (95% CI: 0.16-1.42, p=0.173). Conclusions: One-third of penile cancer patients were
positive for HPV-induced p16™4* expression and there was a trend toward better survival in HPV-positive patients.
EBYV infection was infrequent in penile cancer in Thailand.
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The Epstein-Barr virus (EBV) is related to several
cancers including Burkitt’s lymphoma, Hodgkin’s disease,
nasopharyngeal carcinoma, and gastric cancer. The

Introduction

Squamous cell carcinoma of the penile is a rare cancer

with a prevalence of 0.4-0.6% worldwide. The incidence
varies according to geographic region, in Asia and Africa
the incidence reaches approximately 10% [1, 2]. Several
factors increase the risk of developing penile cancer
including phimosis, balanitis, poor hygiene, smoking,
and sexually transmitted infections, specifically human
papillomavirus (HPV) infection [3, 4].

HPV infection was reported in 20-80% of invasive
penile cancers, the variation mostly due to different
geographic backgrounds and various methods of HPV
detection [5-7]. Evidence suggests that HPV infection
is likely a carcinogenesis of penile cancer [8], even
though exact pathways have not been fully elucidated.
The high-risk oncogenic strains, subtypes 16 and 18 [9],
encoded the E6 and E7 oncogenes, which leads to the
degradation of p53 and pRb resulting in the increased
expression of p/d™k% Immunohistochemical staining of
p'0INK4a s a surrogate marker for the high-oncogenic risk
HPV infection, especially subtype 16 [7, 10, 11].

co-infection of EBV and HPV has been linked to cervical
cancer, with an increased likelihood of aggressiveness
[12]. However, the presence and role of EBV in penile
cancer remain unclear [11, 13], and more studies are
needed.

Thus, this study aimed to determine the prevalence
of HPV and EBYV infection and the co-infection rate in a
series of Thai penile cancer cases.

Materials and Methods

Patients and clinico-pathological data

Fifty-two penile SCC patients who underwent
surgical resection in Srinagarind Hospital between
January 2009 and December 2017, were included. Nine
patients were excluded due to unavailable formalin-fixed
paraffin-embedded (FFPE) tissue. A total of 43 patients
were included in the final analysis. All patients underwent
partial or total penectomy and none received neoadjuvant
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chemotherapy or radiotherapy.

Age, Eastern Cooperative Oncology Group (ECOG)
performance status [14], and survival time were retrieved.
The histological subtype, grading, and pathological
staging according to the 8th edition American Joint
Committee on Cancer (AJCC) staging system [15] were
recorded.
Immunohistochemistry for p'*ks

FFPE tissue specimens were sectioned at 3.5 um
and were prepared using a microtome and mounted on
adhesive glass slides. Immunohistochemistry (IHC)
assay was performed using an antibody to p/““ (clone
G175-405, catalog number Z2117, company name ZETA
corporation). Antibody was diluted at 1: 100, and the slides
were stained and incubated at 37 °C for 32 minutes.

Four p!é"&4 expression patterns were classified as
follows (Figure 1):

Pattern 0: A complete absence of staining in all
neoplastic cells.

Pattern 1: Irregular and discontinuous individual
staining in some of the neoplastic cells.

Pattern 2: A more extensive, although discontinuous,
staining pattern with small clusters of positive neoplastic
cells.

Pattern 3: Continuous and complete cytoplasmic and
nuclear staining in all neoplastic cells.

Pattern 3 was considered positive for p!*&% expression,
while patterns 0, 1, and 2 were all negative.

Epstein-Barr encoding region in situ hybridization

In situ hybridization for Epstein-Barr encoding RNA
was performed using EBV-ISH detection kit (INFORM
EBER Virus Early RNA probe, catalog number 800-2842,
lot number J12038), under protocol 236 EBER of
BenchMark XT Automated Slide Staining system. A

"
I\
B

known EBV-positive sample from the local laboratory
was used as a control specimen (Figure 2).

Statistical analysis

SPSS software, KKU license version 27, was performed
to analyze the association between pl6 expression, and
clinico-pathological parameters (including tumor size,
histological grading, histologic subtype, staging, and
survival time) through Chi-square or Fisher’s exact
test as appropriate. The differences of continuous data
between the two dependent groups were analyzed by either
independent t-test (parametric test) or Mann—Whitney
test (non-parametric test). Values were presented as the
mean = SD. The survival analysis was conducted and
analyzed using Kaplan-Meier estimation with Log-rank
and Cox regression tests. Statistical significance was
determined at p-value < 0.05.

Results

The median age was 59 years old (range, 23-91 years)
as shown in Table 1. Most of the patients were diagnosed
with squamous cell carcinoma, and the tumors were
mostly well-differentiated. The most common site of the
tumor was the tip of the penis. All patients had ECOG
performance scores of 0-1; 86% were ECOG 0 and 14%
were ECOG 1. According to the 8th AJCC staging system,
27/43 cases (62.8%) were T3-T4, 12/43 cases (27.9%)
had nodal metastasis and 20/42 cases (47.6%) were stage
HI-IV.

P16 expression was positive in twelve cases (28%).
No significant differences between the HPV-positive and
negative patients regarding age, ECOG score, tumor
location, histological grading, T stage, N status, and TNM
staging at presentation (Table 1).

The prevalence of EBV in this penile cancer

16INK4a

Figure 1. Four p

Expression Pattern (A) Pattern 0; Complete absence. (B) Pattern 1; Positive scattered tumor

cells, weak intensity. (C) Pattern 2; positive focal, discontinuous, moderate intensity. (D) Pattern 3; Diffuse positive,

strong intensity.
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Table 1. Baseline Characteristics in Positive and Negative HPV Infection in Penile SCC Patients.

Features Total plOINK#A ploVK# Negative P-value
n=43 Positive (n=12, 27.9%) (n=31, 72.1%)

Age

Median 59 (range 23-91)
<59 years 20 (46.5) 6 (50) 14 (45.2) 0.775
>59 years 23 (53.5) 6 (50) 17 (54.8)

ECOG score
0 37 (86) 9 (75) 28 (90.3) 0.325
1 6 (14) 3(25) 3(9.7)

Location
Tip 37 (86) 10 (83.3) 27 (87.1) 1
Shaft 6 (14) 2(16.7) 4 (12.9)

Histological Grade
1 35(83.7) 9 (75) 26 (83.9) 0.665
2-3 8 (16.3) 3 (25) 5(16.1)

T stage
T1-2 16 (37.2) 4(38.7) 12 (33.3) 0.744
T3-4 27 (62.8) 8 (61.3) 19 (66.7)

Lymph node metastasis (N stage)
Negative 31 (72.1) 11 (91.7) 20 (64.5) 0.13
Positive 12 (27.9) 1(8.3) 11 (35.5)

TNM Stage
I-11 22 (52.4) 8 (66.7) 14 (46.7) 0.315
nI-rv 20 (47.6) 4(33.3) 16 (53.3)

HIV status
Negative 42 (97.7) 12 (100) 30 (96.8) 1
Positive 1(2.3) 0(0) 1(3.2)

EBER
Negative 41 (95.3) 12 (100) 29 (93.5)
Positive 2 (4.6) 0 (0) 2 (6.5) 1

cohort was 2/43 cases (4.6%). There was no HPV and
EBYV co-infection in this cohort. Table 2 shows the
characteristics of the two patients who harbored positive
EBER.

Survival outcome of penile SCC patients
The median overall survival for the entire cohort was
95.9 months (95% CI: 75.6-116.1) as shown in Figure 3.

Patients with positive p16 expression had a longer overall
survival compared to those without of 104.4 vs 89 months
(HR =0.48, p=0.173) as shown in Figure 4. Histological
grade 2-3, tumor location at shaft, positive lymph node,
and higher TNM stage were factors associated with
shorter survival time (Table 3). In multivariable analysis,
histological grade 2-3 was the only independent factor to
predict survival outcomes of penile SCC patients in this

Figure 2. EBER in Situ Hybridization. (A) EBER positive control. (B) positive EBER in scattered inflammatory cells.
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Table 2. Patient Characteristics in Positive Epstein-Barr Virus (EBV) Infection in Penile SCC Patients.

Case Age Location Grade T N Staging HPV HIV Survival (months)
1 67 Tip 1 1 Positive I Neg. Neg. 146
2 56 Tip 2 3 Positive v Neg. Neg. 6
Abbreviations; T, tumor; N, node; M, metastasis
1.0 1 ~I7 Suwvival Function
— Censored

_ 08
o
=
=
= .
» 06
Q
=
S
o
S5 04
E
=
o

02 |

00 |

0 24 48 72 96 120 144 168

Survival Time (month)

Figure 3. Overall Survival Rate for Participants with Penile Cancer (Kaplan-Meier method)

cohort (HR =4.34, p=0.041)
Figure 4 Overall survival rate for participants with
penile cancer according to HPV infection.

Discussion

In this study, we explored the prevalence of HPV and
EBYV in penile cancer cases in Thailand. The prevalence
of HPV and EBV in penile cancer in Thailand was 27.9%
and 4.6%, and there was no co-infection of HPV and EBV

in this cohort.

The HPV prevalence was low (28%) compared
to the reported global prevalence of 30-75% [5, 6, 9,
16]. Martinez-Ballon et al described the HPV rate in
penile cancer in Mexico and found that the HPV DNA
detection rate was as high as 59% [17]. However, the
ploiNKia expression in the study was 30.9% which is
comparable to our study. Moreover, recent reports in the
high endemic area also revealed a positive p16 expression
0f22-26% [16, 18]. Different molecular techniques, types
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Figure 4. Overall Survival Rate for Participants with Penile Cancer According to HPV Infection.
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Table 3. Univariate and Multivariate Analysis for Overall Survival

Characteristic Median survival (months) Univariate Multivariate
HR (95%CI) p-value HR (95%CI) p-value

Age

<59 NR 1 -

>59 86.82 1.38 (0.55-3.48) 0.495 - -
ECOG

0 89.04 1 -

1 NR 0.36 (0.08-1.62) 0.166 - -
Histological Grade

1 104.4 1 1

2-3 9.29 4.34 (1.53-12.29) 0.003* 3.59(1.05-12.45)  0.041*
Location

Tip 104.39 1 1

Shaft 10.91 3.43 (1.04-11.29) 0.031* 4.01 (0.86-18.81)  0.078
T stage

T1-2 125.46 1 -

T3-4 86.82 2.00 (0.73-5.47) 0.167 - -
Lymph node metastasis (N)

NO 104.39 1 1

N1 36.96 2.44 (1.02-5.81) 0.038* 1.15 (0.29-4.60) 0.842
TNM stage

Early (I-IT) 125.46 1 1

Late (III-IV) 53.89 3.65 (1.39-9.60) 0.005* 2.47 (0.66-9.29) 0.181
pl6INKA4A status

Negative 89.04 1 -

Positive 104.39 0.48 (0.16-1.42) 0.173 - -

* Statical significance, p<0.05; NR (not reached), the overall survival did not decrease to the median while analyzing the data; Abbreviations;
ECOG, Eastern Cooperative Oncology Group; T, tumor; N, node; M, metastasis

of samples, and populations result in different sensitivity
and specificity for HPV detection. The report from Brazil,
a highly endemic area of penile cancer, found that p’*Vk%
expression was observed in 40% while HPV DNA was
detected in 89% of cases [6]. The lower rate of HPV
prevalence is mainly due to the detection method of only
p0NK4a expression which correlates with only the high-risk
HPV genotypes. The most common genotype reported in
penile cancer cases in Thailand was the high-risk HPV-18
either single or multiple infection [19].

HPV-induced p’M“a positive patients had a
trend toward longer overall survival compared to
HPV-negative patients but did not reach statistical
significance. The results are in line with the earlier larger
report on penile and oropharyngeal cancer [11, 16,20-21].
The p16 expression is a surrogate marker of HPV infection
and is an important prognostic factor for oropharyngeal
cancer leading to the classification in the TNM staging
and determining the treatment modality [22]. Treatment
response is improved in patients receiving radiotherapy
with or without chemotherapy. In penile cancer, however,
the evidence is not yet strong enough and the multi-
modality treatment is still the standard of care for locally
advanced disease [23].

EBYV infection is an emerging importance for viral

carcinogenesis. In this study, the prevalence of EBV in
penile malignancy was 4.6% and there was no co-infection
with HPV. The number is much lower than reports from
Brazil where the prevalence of EBV was 30-46% and
the co-infection rate was 26-29% [11]. We used the
EBER as the detection method rather than the EBV PCR
which explains the lower positive rate. Whether EBV is
the cofactor for the development of penile cancer is still
controversial.

There is growing evidence that HPV vaccination
prevents cervical, anal, and potentially oropharyngeal
cancer [20, 24, 25]. HPV vaccination has been implemented
in the immunization program for young girls in Thailand
recently. Nevertheless, no data for penile cancer
prevention is available. Since the vaccination led to herd
protection against oral HPV in unvaccinated males [26],
future trends in HPV-related cancer, including penile
cancer, might change.

Our study has several shortcomings. First, the number
of patients is limited. Second, the staging data was largely
pathological data which did not reflect the clinical staging
for nodal or distant metastasis. Sentinel lymph node biopsy
and nodal dissection were not routinely done. Lastly, no
data regarding HPV and EBV DNA.

In conclusion, HPV is positive in one-third of penile
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cancer patients in Thailand. Penile cancer patients who
had HPV-positive have a trend toward better survival time
than HPV-negative cases. EBV infection in penile cancer
patients in Thailand is rare, and there was no co-infection.
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