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Persistent infection of high risk human papilloma virus (HPV) is a recognized driver
oncogenesis in penile cancer, often characterized by upregulation of p16 and immune evasion
via programmed death-ligand 1 (PD-L1) expression. This study aimed to assess the prognostic
significance of p16 and PD-L1 in advanced penile cancer. Methods: A total of 80 cases of
advanced penile cancer were retrospectively evaluated. Expression of p16 and PD-L1 was
assessed by immunohistochemistry. Various clinicopathological parameters, such as patient
age, tumor dimensions, histopathological grading, evidence of vascular invasion, and presence
of lymphatic metastasis, were systematically evaluated in relation to PD-L1 overexpression.
PD-L1 overexpression was observed in 37 (46.25%) of cases. PD-L1 positivity was significantly
higher in p16 positive tumors (57.5%) than in p16 negative cases (35%) (p=0.044). Elevated
PD-L1 expression strongly correlated with increased tumor dimension (p=0.002), advanced
histological grade (p=0.000), the presence of vascular invasion (p=0.001), and lymphatic node
involvement (p=0.000). PD-L1 overexpression was not significantly associated with the age of
patients (p=0.932). PD-L1 and p16 are associated with clinicopathological features in advanced
penile squamous cell carcinoma and may serve as prognostic biomarkers. Further multi-
institutional studies are needed to clarify their predictive value for tailoring immunotherapy

in penile cancer.
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Globally, penile carcinoma represents
a rare type of malignancy,! however, it poses a
significant burden in Asia, accounting for 57%
of global cases and over 8,650 deaths annually.?
Indonesia, particularly Bali, exhibits a notably

high prevalence of penile cancer,® where patients
often present in advanced stages.* Despite standard
treatments like surgery and chemotherapy, survival
rates remain poor, particularly in patients with
metastases.’ This indicates the necessity for
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alternative therapies involving Programed Death-
Ligand 1 (PDL-1).

Targeting PDL-1 has become a cornerstone
in cancer immunotherapy, with compelling
evidence supporting its effectiveness across a
broad spectrum of tumor types.® The blockade
of the PD-1/PD-L1 axis has been shown to
elicit robust anti-tumor immune responses while
minimizing systemic toxicity, a critical advantage
over traditional therapies such as chemotherapy
and radiation.”® Immunotherapeutic approaches,
particularly immune checkpoint inhibitors, now
play a leading role in cancer treatment protocols.’ !
Among patients with advanced penile cancer,
elevated PD-L1 expression is observed in 32.9% of
cases and is linked to more aggressive pathological
characteristics and unfavorable clinical outcomes. '
This therapeutic innovation appears to improved
patient management and may contributes to better
survival rates.

Persistent HPV infection acts as a critical
driver in the pathogenesis of several cancers,
primarily via the induction of an immunosuppressive
tumor microenvironment. HPV’s ES oncoprotein
has been reported to stimulate epidermal growth
factor receptor (EGFR) activation, subsequently
resulting in increased PD-L1 expression on
malignant cells. This process permits tumor
cells to evade immune detection by inducing
apoptosis in T-cells, consequently undermining
the robustness of the anti-tumor immune response
and diminishing the host’s immunological control
over malignant cells."® Elevated PD-L1 levels are
frequently observed in HPV-positive squamous
cell carcinomas and are closely linked with HPV
related malignancies." High risk HPV varieties
are recognized carcinogens for penile cancer,
and strong pl6 immunostaining is a dependable
indicator of active infection with HPV.!5:1¢
Furthermore, p16 overexpression stems from the
disruption of retinoblastoma (Rb) protein function
by the HPV E7 oncoprotein, leading to altered cell
cycle regulation and facilitating tumorigenesis. "’

Research on the correlation between PDL-
1 expression and P16 in penile cancer is still small
and shows results that vary widely in different
countries. Further investigations are required
to elucidate the molecular pathways via which
HPV affects PD-L1 expression in penile cancer.
Comprehending these pathways may uncover

LESTARI et al., Biomed. & Pharmacol. J, Vol. 18(4), 3008-3016 (2025)

prospective therapeutic targets and enhance
treatment approaches. The prevalence of HPV-
related penile cancer varies significantly across
different regions, such as the high rates observed
in Bali, Indonesia. More research is needed to
understand how regional factors influence HPV
prevalence, PD-L1 expression, and therapy effect.
This work seeks to elucidate the relationship
between P16 overexpression and clinical outcomes
associated with PDL-1 in PeSCC.

MATERIALS AND METHODS

Research Design

A retrospective cohort design utilizing
purposive sampling was applied in this study.
The relationships between P16 expression and
clinicopathological parameters, including patient
age, tumor dimension, histological tumor grade,
vascular invasion, lymph node involvement, and
PD-L1 expression, were analyzed using the chi-
square test. Statistical significance was determined
at a threshold of p < 0.05.
Location and Time of Research

The research was carried out for 6 months,
from February to August 2024, at the Biochemical
Lab of the Faculty of’Medicine and Health
Sciences, Warmadewa University, and the Tabanan
Regional General Hospital.
Population and Sample

Penile cancer tissue specimens, primarily
obtained from primary tumors from radical
penectomy or penectomy procedures, were
collected from several pathology anatomy
laboratories in Bali between 2015 and 2024.
All patients included were of Balinese ethnicity.
Primary tumor samples were preserved using
formalin fixation and embedded in paraffin (FFPE
technique). From a larger group of 160 patients
diagnosed with penile squamous cell carcinoma,
80 cases were chosen. Selection criteria required
paraffin blocks to contain malignant tissue and
meet standards for specimen integrity.
Research Procedure
Clinical Data

Age, tumor size, grade, vascular invasion,
and nodal metastasis was identified from clinical
data.
Immunohistochemistry

For immunohistochemical procedures,
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tumor blocks preserved in formalin and embedded
in paraffin underwent sectioning at a thickness of
2-3 im and were positioned on charged slides.
The sections were processed to remove paraffin
using xylene and then gradually rehydrated with
alcohol sequences and distilled water. Antigens
were retrieved by warming the specimens in citrate
buffer (pH 6.0) for 20 minutes in a pressure cooker.
Endogenous peroxidase was inhibited by treating
with 3% hydrogen peroxide at ambient temperature
for 10 minutes. The slides were subsequently rinsed
in phosphate-buffered saline and incubated for 60
minutes with specific antibodies: pl6 (Ventana,
E6H4 clone, ready-to-use) and PD-L1 (Biocare
Medical, CAL10 clone, diluted 1:100). Afterwards,
the EnVision+ polymer detection system (Dako)
was applied for 30 minutes. Visualization was
accomplished using 3,32 -diaminobenzidine
(DAB), with hematoxylin counterstaining, then
slides were dehydrated, cleared, and finally mounted
for microscopic review. Immunohistochemistry
evaluation criteria were then applied to assess
results. Immunohistochemistry evaluation criteria:
P16 Expression

pl6 Immunoreactivity was interpreted
as positive when tumor cell nuclei and cytoplasm
both demonstrated staining. Following WHO
recommendations for HPV-associated squamous
cell cancers, positivity was defined as strong,
diffuse (block-type) staining in at least 75% of
malignant cells.'
The expression of PD-L1

PD-L1 expression was assessed by
analyzing membrane staining patterns in tumor

—
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cells. In line with recognized standards for
assessing solid tumors, a case was designated
as PD-L1 positive if at least 1% of cancer cells
displayed distinct membranous staining by
immunohistochemistry.*

Each staining batch incorporated suitable
positive and negative controls. Two skilled
pathologists, blinded to patient information,
independently assessed all slides, and any
differences in interpretation were addressed
through collaborative discussion and agreement.

RESULTS

This study demonstrates strong pl6
immunohistochemical staining within penile
squamous cell carcinoma (PeSCC) tumor cells,
indicating p16 overexpression. Elevated expression
of pl6 immunostaining is widely used as an
indicator of high-risk HPV involvement, implying
a significant etiological role for HPV in these
tumors. The presence of strong pl6 staining in
Figure 1.A supports the HPV-driven pathogenesis
outlined, where HPV infection leads to increased
p16 overexpression. The p16 results highlight the
strong correlation between HPV and penile cancer.

This study investigated the relationship
between PD-L1 overexpression and various
clinicopathological characteristics in a cohort
of 80 penile cancer patients. Our findings
reveal significant associations between PD-L1
overexpression and several key factors (Table
1). A large portion of patients in this study
presented locally advanced penile cancer, which
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Fig. 1. Overexpression of P16. A. Brown positive daubed in the nucleus and cytoplasm of tumor cells. B. P16
Negative (100x magnification)
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is characterized by larger tumor size, higher grade,
intravasal invasion, and lymph node involvement.

PD-L1 overexpression in penile cancer
(Figure 2) correlates significantly with several
indicators of aggressive tumor behavior. Increased
tumor size (>=2 cm, p = 0.002) and higher
tumor grade (p < 0.001), particularly in Grade
3 tumors, were substantially correlated with

heightened PD-L1 expression. This suggests that
PD-L1 may be upregulated as tumors grow and
dedifferentiate, contributing to a more aggressive
phenotype. Furthermore, PD-L1 overexpression
was significantly more prevalent in tumors
exhibiting intravasal invasion (p = 0.001) and
lymph node metastasis (p < 0.001), underscoring
its potential role in promoting tumor spread.

Fig. 2. PDL-1 expression. A, B PDL-1 positive stained focal and diffuse brownish color on membrane cells of
penile squamous cell carcinoma, C. PDL-1 negative (A.Magnification 100 X), B. 200X, C. 400 X)

Table 1. Correlation of PDL-1 overexpression with P16 and clinicopathology

Characteristic Sample Overexpression p value
n=80 of PDL-1 n=80
n (%) n (%)
Expression P16
Positive 40 (50%) 23 (28.75%) 0.044
Negative 40 (50%) 14 (17.5%)
Age (years)
<45 10 (12.5%) 4 (5%) 0.932
>=45 70 (87.5%) 33 (41%)
Tumor Size
<2cm 22 (27.5%) 4 (5%) 0.002
>=2 cm 58 (72.5%) 33 (41%)
Grading
Grade 1 19(23.75%) 4 (5%) 0.000
Grade 2 33(41.25%) 11 (13.8%)
Grade 3 28 (35.0%) 22 (27.5%)
Intravasa invasion
Negative 37 (46.25%) 10 (12.5%) 0.001
Positive 43 (53.75%) 27 (33.75%)
Lymph Node Metastasis
Negative 37 (46.25%) 9 (11.25%) 0.000
Positive 43 (53.75%) 28 (35%)




3012

The data revealed an equal distribution
between pl6 positive and negative samples, with
40 cases in the groups (50%). Among pl6 positive
cases, 23 (57.5%) exhibited PDL-1 overexpression.
While only 14 (35%) of p16 negative cases showed
PDL-1 overexpression. When accounted for
entire sample population, this corresponded to
28.75% and 17.5%, respectively. The difference
in PDL-1 overexpression between two groups
was statistically significant (p = 0.044). These
findings demonstrate that PDL-1 overexpression
is much more frequent in samples expressing p16,
suggesting a notable association between these
molecular markers.

DISCUSSION

This study presents compelling evidence
regarding the clinical features of patients diagnosed
with locally advanced penile cancer. The present
analysis revealed that metastatic involvement
of inguinal of pelvic lymph nodes occurred in
53.75% of cases, a proportion notably higher than
international averages, which typically report
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metastasis in approximately one-third of cases,”
This difference may reflect regional disease burden
or healthcare access limitation specific to studied
Balinese population. Urological studies validated
our findings of substantial intravasal invasion rates
and lymph node metastases.”’ The investigation
corroborated our findings that larger tumor size
and higher grade forecasted intravasa involvement
are significant. The overall pattern of aggressive
characteristics linked to lymph node metastasis
is consistent across multiple investigations,
underscoring the critical importance of early
detection and intervention in penile cancer. These
findings highlight the need for improved screening
and public awareness to facilitate earlier diagnosis
and potentially improve outcomes in penile cancer
patients.

A crussial aspect highlighted from meta-
analyses is the heterogeneity in pl6 expression
among PeSCC cases world wide. The current
study found pl6 positivity in approximately half
of the cases, reinforcing reports of variable of p16
prevalence by region and HPV epidemiology.
Data suggest that p16 immunorectivity continues

PDL-1 Overexpression

Penile Cancer
Larger tumor size

> High grade
\V Intravasa invasion
\vLymph node metastasis

Fig. 3. Tumor progression in advance penile cancer
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to serve as a surrogate for high risk HPV exposure
and often correlates with better diseases specific
survival, thought its prognostic value may be
modulated by additional host and tumor factors.?
The effectiveness of p16 as an indicator for HPV
infection in PeSCC continues to be a subject of
discussion, as its utility varies across studies. Some
research has demonstrated a strong association
between pl6 immunopositivity and the presence
of HPV 16 DNA, reinforcing its value as a marker
for HPV driven neoplasms in certain contexts.”
Conversely, other research reported that up to 50%
of HPV positive penile cancer cases (by molecular
assay) were negative for p16 immunohistochemical
expression, indicating potential limitations in its
use as a standalone marker.** These discrepancies
underscore the need for combined approaches,
such as using p16 immunohistochemistry alongside
HPV genotyping, to more accurately determine
HPV status in penile cancer cases and its prognostic
implications.

Our findings further demonstrated a strong
association between high PDL-1 expression and
adverse pathological features, including larger
tumor size, high histological grade, and presence
of lymph node metastasis (Table 1). This result is
corroborated by recent international cohort meta-
analytic studies showing that PD-L1 expression is
consistently linked with poor prognosis marker and
increased risk of regional and distant metastasis.”
The studies from Brazil confirmed that up to
69.2% of lymph node metastases in penile cancer
were PDL-1 positive, supporting its utility of
PDL-1 as both a prognostic biomarker and
therapeutic target.”® Studies have documented
substantial PD-L1 expression in both initial and
metastatic lesions of PeSCC, implying a potential
contribution to tumor aggressiveness.”’” In a cohort
of 37 individuals diagnosed with penile carcinoma,
increased PD-L1 expression showed a statistically
significant link to metastasis involving regional
lymph nodes (p = 0.024), as well as poorer cancer
specific survival outcomes (p = 0.011).%® The
consistent results from much research highlight the
potential of PD-L1 as a biomarker for aggressive
disease behavior and its putative involvement in
tumor growth and metastasis in penile cancer.

A complex relationship between pl6
expression and PD-L1 overexpression in penile
cancer is found in this study, 57.5% of p16 positive
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tumors exhibited PD-L1 overexpression, compared
to 35% of p16 negative tumors (p = 0.044). This
suggest that PD-L1 overexpression is substantially
more common within HPV associated (pl16
positive) penile cancer in our cohort. Recent studies
from endemic regions confirm this association,
indicated a strong correlation between PD-L1 and
p16 expression (p=0.002 (p = 0.002),% supporting
the biologic plausibility HPV driven carcinogenesis
upregulates immune evasion mechanism via PDL-
1. Furthermore, we observed a higher overall
prevalence of PD-L1 overexpression (46.25%
across all samples) compared to some previous
reports, such as a study in Biomarkers Research
that reported PD-L1 expression in only 18% of
cases.”” Nevertheless, conflicting evidence exist,
with some report indicating PD-L1 expression with
HPV negative tumor,” highlighting the context
dependency and possibly region specific pathways
involved. This finding may have implications for
immunotherapeutic eligibility, as HPV mediated
of upregulation of PD-L1 could identify patients
most likely to benefit from PD-1/PD-L1 check
point inhibition.

Our research corroborates and extends
the current literature emphasizing the function
of PD-L1 in facilitating tumor advancement and
immune evasion across diverse cancers. Elevated
PD-L1 expression is associated with advanced
disease stages and unfavorable prognoses in
many malignancies.® In penile cancer, PD-L1
overexpression was substantially correlated with
elevated tumor grade, increased tumor size,
intravascular invasion, and lymph node metastases,
all of which are markers of aggressive illness
(Figure 3). Recent meta-analyses and multicenter
studies indicate that elevated PD-L1 expression
in penile squamous cell carcinoma correlates with
diminished cancer-specific survival and more
advanced clinicopathological characteristics.®
These findings underscore PD-L1’s potential as
a predictive biomarker and therapeutic target in
penile carcinoma. The pronounced correlation
identified in our work between PD-L1 expression
and lymph node metastasis indicates a role for
PD-L1 in promoting tumor dispersion and regional
spread, hence reinforcing its significance for risk
classification and therapeutic planning in this
condition.
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In this analysis, age did not exhibit a
statistically significant association with PD-L1
overexpression (p = 0.932). The absence of
correlation in our sample might be attributed to
the predominance of older individuals presenting
with advanced-stage disease, potentially obscuring
any age-dependent variation in PD-L1 status.
Additionally, the retrospective approach and
modest sample size represent notable study
constraints. Prospective, multicenter studies with
larger and more diverse cohorts are needed to
validated these results and further explore the
interplay between HPV status, pl6 expression,
and immune check point activation in different
populations. Recent recommendations emphasize
the need for integrated biomarker panels to more
accurately inform immunotherapeutic indications
and prognostication.

CONCLUSION

PD-L1 upregulation in penile carcinoma
was significant associated with adverse pathological
characteristics, such as increased tumor size, higher
histological grade, vascular invasion, and lymphatic
spread. Notably, A higher prevalence of PD-L1
positivity was observed in pl6-positive tumors
(57.5%) compared to pl6-negative cases (35%),
indicating a link between HPV-driven pathogenesis
and immune checkpoint activation. The findings
support PD-L1 and pl6 as potensial prognostic
biomarkers for advanced penile cancer. Larger,
prospective studies are required to define the
predictive value of these biomarkers for response
to anti-PD-L1 therapy and personalize treatment
strategies for different patient populations.
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