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Abstract

Purpose Penile cancer (PeCa) is a rare malignancy with a poor prognosis in advanced disease. There is still a limited
understanding of the biological mediators that are important in the prognosis and therapy of the disease. This review aims to
provide a summary of the immune micro-environment, molecular oncogenesis and the role of HPV in the disease applying
to the potential of the use of immunotherapy.

Methods Narrative, non-systematic review based on publications retrieved by PubMed and EMBASE search.

Results The molecular mechanisms underlying penile carcinogenesis are complex, and human papillomavirus (HPV) infec-
tion is a well-characterized driver of penile cancer. Up to 50% of the penile carcinomas are HPV related. There is potential
to improve prevention, treatment and follow-up strategies pertaining to the role of HPV in penile cancer. Immune response
modifiers such as toll-like receptor agonists are being used in a topical fashion for penile intraepithelial neoplasia while
immune checkpoint inhibitors are currently under clinical investigation for its application in penile cancer.

Conclusions The knowledge of prognosis-relevant biological pathways in penile cancer is expanding. HPV plays an important
role in the carcinogenesis. This can lead to the identification of therapeutic targets which could significantly influence the
prognosis of advanced penile cancer. Clinical trials are being conducted to pave the way for immune-modifying treatment

modalities.
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Introduction

Primary penile cancer is a rare disease with an incidence
of about 1/100,000-1,000,000 men annually [1]. There are
approximately 26,000 new cases diagnosed each year glob-
ally, and it accounts for 0.4-0.6% of all malignancies in the
Western world [2, 3]. The incidence varies strongly among
different geographic areas, with an incidence up to 6% of
malignancies in developing countries [4]. More than 95%
of the penile cancer tumors are squamous cell carcinoma
(SCC), causing significant morbidity and mortality. Impor-
tant risk factors include HPV infection, lack of circumcision,
phimosis, obesity, lichen sclerosus, inflammation, smoking,
previous UVA phototherapy and socioeconomic status [2, 5].
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The rarity of this disease creates a challenge for treating
physicians. There is still only a limited understanding of the
biological mechanisms, micro-environment and biomark-
ers in penile cancer. As HPV DNA is detected in half of
the squamous cell carcinoma of the penis, this infection is
strongly associated with PeCa specimens [6]. This review
aims to provide a summary of the molecular oncogenesis
and the role of HPV in the disease. Further, we discuss the
potential for therapeutic options modulating viral infection
and host immune responses in premalignant to advanced
penile cancer [7, 8].

Molecular oncogenesis of penile cancer

The molecular mechanisms underlying penile carcinogenesis
are complex and still largely unknown. As recognized by the
WHO, there are two molecular pathways of etiology: the
HPV-dependent and the HPV-independent carcinogenesis
[9], as shown in Fig. 1. A final common pathway has been
suggested.
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Fig.1 Schematic diagram of the oncogenesis of penile cancer

HPV-dependent penile carcinogenesis

A recent meta-analysis of 52 studies (2 =4199) found that
50.8% (95% C144.8-56.7) of the penile carcinomas are HPV
related [10]. High-risk HPV particles infect the basal cells
of the epithelial mucosa, via micro-abrasions and specific
receptors. The integration of HPV DNA into the host cell
genome leads to the overexpression of viral oncoproteins
(such as E6 and E7) [11].

Oncoprotein E7 interacts with the retinoblastoma tumor
suppressor protein (pRB), resulting in the release of tran-
scription factor E2F. This results in the activation of DNA
synthesis genes and the cell cycle becomes uncontrolled.
Due to the disturbance of the negative feedback via pRB, an
overexpression of P16 INK4A can be observed [11]. Hence,
p16 INK4A may be used as a surrogate marker for the detec-
tion of active high-risk HPV infection in penile cancer [11,
12]. Oncoprotein E6 inactivates the tumor suppressor protein
p53, leading to a disruption of DNA repair, growth arrest
and apoptosis. It also supports cellular immortalisation by
activating telomerase via c-myc-induced human telomerase
reverse transcriptase (hWTERT) expression [13].

In addition, both oncoproteins can interfere with the pro-
cess of mitosis, inducing genomic instability [11]. Low-risk
HPV are often found in penile cancer; however, they do not
cause a significant dysregulation of tumor suppressor protein
expression [11].
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HPV-independent penile carcinogenesis

The HPV-independent penile carcinogenesis and its under-
laying genetic mechanisms are less well understood. Chronic
inflammation is a recognized mediator, in which cycloox-
ygenase-2 has an important role. This enzyme is overex-
pressed in premalignant and malignant penile lesions [14].
The subsequent overproduction of thromboxanes and pros-
taglandins (mostly PGE,) leads to proliferation, invasion and
angiogenesis via activation of multiple pathways [11].

Advances in genetic sequencing revealed multiple
somatic genetic alterations as a mechanism of carcinogen-
esis in penile cancer. The dysregulation of major tumor sup-
pressor pathways (p16INK4A/cyclin D/RB and p14ARF/
MDM2/p53 pathways) also occurs via non-HPV-related
mechanisms. The pl16INK4A gene can be inactivated by loss
of heterozygosity or silencing via DNA methylation [11].
Downregulation of pl6INK4A due to the overexpression
of BMI-1 polycomb gene has also been described in penile
cancer [11, 15]. There is a significant association between
the loss of pl6INK4A immunoexpression and lymph node
metastasis and disease recurrence [16, 17]. TP53 mutation
can result in a lack of p53 or excess negative regulation of
this tumor suppressor protein in HPV-independent penile
cancer [11]. Mutation of the p53 gene can result in the
absence of its protein or lead to increased expression of an
inactive p53 mutant protein [11, 18].
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Another studied course in the carcinogenesis of penile
cancer is the PI3K-AKT-mTOR pathway. Various cohort
studies found an overexpression of mTOR and its stimu-
lators (pEGFR, HER3 and HER4) in penile cancer tissue
[19, 20]. Interestingly, an association with HPV-negative
status was observed. However, other study groups could
not show this increase in immunoexpression compared to
normal penile tissue [21]. Per contra, reduced or absent
expression of PTEN, a tumor suppressor gene and inhibi-
tor of the PI3K-AKT-mTOR pathway, has been reported
[19, 21]. For the latter no link with the tumor HPV status
could be detected. To detect the true contribution of the
PI3K-AKT-mTOR pathway and its potential therapeutic
significance, further research is necessary.

Human papillomavirus in penile cancer

HPYV infection is one of the most important risk factors in the
development of penile cancer. The risk of infection increases
with a previous history of genital warts and with the num-
ber of sexual partners. In a recent publication, Hansen et al.
indicated an increase in the number of diagnoses amongst
younger men (<64 years of age), which may be linked with
augmented exposure to HPV in this population group [22].
The oncogenic strains HPV 16, 18, 31 and 33 have been
strongly associated with penile cancer. As mentioned previ-
ously, the different pathways in the pathogenesis has led to
a WHO classification of HPV-dependent and -independent
penile cancer [9]. Verrucous carcinoma, pseudoglandular
carcinoma, pseudohyperplastic carcinoma, adenosqua-
mous carcinoma and papillary squamous cell carcinomas
are classified as non-HPV-related. Basaloid squamous cell
carcinoma, papillary-basaloid carcinoma, warty(-basaloid)
carcinoma, clear-cell carcinoma and lymphoepithelioma-like
carcinoma are HPV-related tumors. Prevention and treat-
ment of HPV infection could be a promising target to reduce
morbidity and mortality of the disease.

Precursor penile lesions are also classified into undif-
ferentiated (HPV related) and differentiated (non-HPV
related) penile intraepithelial neoplasia (Peln) [23]. HPV-
related lesions account for approximately 25% of the pre-
cursor lesions [11]. They are usually erythematous and flat,
found on the penile glans and/or foreskin with basaloid/
warty morphological features. The lesions typically display
P16 INK4A positivity, and can progress to basaloid/warty
or usual type penile cancer. It has been estimated that, if left
untreated, the risk of malignant transformation is 30% [24].

Prognostic impact

The prognostic significance of HPV status in penile cancer
is still uncertain. A contemporary review of 2017 evaluated

eight studies addressing the issue [25]. The studies with the
largest cohorts (212 and 171 patients) showed a favorable
survival for HPV-positive patients compared to HPV-neg-
ative groups. The role of HPV status was inconclusive or
negative in other trials [26].

In another meta-analysis of 2018, including 29 studies
and 649 men with penile cancer, the prognostic significance
of HPV and p16 status on survival was assessed [27]. They
concluded a significantly better disease-specific survival
for HPV or pl6-positive penile cancer. However, HPV and
pl6 status had a significant prognostic impact on overall
survival. The authors indicated that HPV DNA and p16
expression are important predictive markers for survival.
They proposed that the presence of viral infections could
confer an increased immune reaction and a more favorable
molecular profile, which results in HPV-positive cancers
being less aggressive.

In vulvar and oropharyngeal squamous cell carcinoma,
other HPV-associated tumors, HPV is established as a prog-
nostic factor [28, 29]. Holters et al. could not extend this to
penile cancer in a cohort of 121 patients; HPV itself was not
identified as a prognostic factor [30]. However, the prognos-
tic role of HPV infection in the different subtypes of the dis-
ease remains unclear. Histological subtype and lymph node
status are by far the most predictive factors.

Therapeutic impact

Lifestyle modifications can be made to minimalize the risk
of genital HPV transmission. The risk of infection increases
with multiple sexual partners and early age of first inter-
course, which augments the risk for penile cancer three- to
fivefold [31]. Based on the data from the HIM (HPV in men)
study, tobacco and smoking appear to be independent risk
factors [32, 33]. Circumcision in childhood reduces the risk
of invasive penile cancer. The effect of circumcision could
be largely mediated by elimination of phimosis, rather than
a decreased risk of HPV transmission.

Prophylactic HPV vaccination is another primary preven-
tion strategy. The vaccines are L1 virus-like particle (VLP)
vaccines; they resemble copies of the capsid protein of HPV
[31]. Following HPV vaccines are currently available: biva-
lent (HPV 16, 18), quadrivalent (HPV 6, 11, 16, 18) and
nonavalent (HPV 6, 11, 16, 18, 31, 33, 45, 52, 58). The
vaccines do not contain HPV DNA, so they are not infec-
tious nor oncogenic. As a result, no serum antibodies are
developed and established cellular HPV infections are not
targeted. HPV vaccination has led to a significant decrease
in HPV-associated infections and cancers. In men, similar
data have yet to be reported.

In a randomized, placebo-controlled, double-blind trial
investigating 4065 healthy boys and men aged 16 to 26 years
old, the quadrivalent vaccine demonstrated an efficacy of
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65.5% (95% CI 45.8-78.6) for HPV 6, 11, 16 of 18 related
lesions [34]. Nevertheless, no significant reduction in exter-
nal genital lesions associated with HPV-16 or HPV-18 were
observed. More and more health institutions are convinced
of the benefit of HPV vaccination in children (9-14 years)
of both sexes. Educations programs are needed to raise
awareness for the role of HPV in PeCa [35]. Additionally,
vaccination programs for pre-pubertal boys and young men
are expected to reduce HPV-associated cancers in female as
well. Large population-based studies are necessary to evalu-
ate the true impact of HPV vaccination.

As shown before, HPV E6 and E7 oncoproteins are cru-
cial in the malignant transformation of HPV-associated
penile cancer. These proteins are of special interest for the
development of targeted therapies [36]. Promising results
have been reported for E6/E7 targeted therapy in HPV16/18
cervical cancer [37]. Currently, there is no targeted treatment
for HPV-related PeCa. A phase 1 trial including penile carci-
noma explores the role of HPV-specific T cells administered
with nivolumab [38]. Another trial is investigating the effect
of vaccines with synthetic plasmids targeting HPV-12 and
HPV-18 E6 and E7 proteins.

Micro-environment and biomarkers

For efficacious immunotherapy treatment, a better under-
standing of immunomodulatory factors, and thus the tumor
micro-environment (TME) is critical.

Tumor mutational burden

The tumor mutational burden (TMB) is a marker for the

sensitivity to immune checkpoint inhibitors. A high TMB is
associated with a more effective immunotherapy response.

Fig.2 Tumor micro-environ-
ment overview

Tumor hostile components

In penile cancer TMB values between 3.6 and 4.5 muta-
tions/Mb have been reported. A TMB of > 20 mutations/
Mb, a surrogate for microsatellite instability, was reported
in 6% of the specimens in penile cancer [39]. These data
argue against a high mutational load in penile cancer, and
are comparable to data in cervical carcinoma. This is in con-
trast to head and neck carcinoma, and especially much lower
than for melanoma and bladder cancer [39, 40]. In a recent
comparative study, Jacob et al. demonstrated a significantly
higher TMB in predominantly ultraviolet light-exposed
metastatic cutaneous SCC than in metastatic penile SCC
[41]. The authors concluded that metastatic penile SCC is
a unique subtype of SCC with distinctive genomic features.

A retrospective cohort study (n="75) found an intact mis-
match repair (MMR) system and microsatellite stability in
penile cancer, as one would expect with a low TMB [42].
Interestingly, when analyzing the somatic mutational land-
scape of penile cancer via whole exome sequencing, high
viral load tumors (> 1 HPV copy/cell via qPCR) had a sig-
nificantly lower mutational load compared to HPV-negative
tumors [43]. HPV-related cellular alterations are assumed
to increase the tumor foreignness, which might act as tar-
gets for the first promising results of an immune checkpoint
blockade therapy in penile SCC. This is encouraging for
future clinical and basic research efforts [42].

Tumor micro-environment

Tumor-infiltrating lymphocytes (TILs) are an important
component of the tumor micro-environment (Fig. 2). In
other malignancies, it has been shown that T-cell infiltra-
tion has an important role in anti-tumor immunity and is
associated with better survival [42].

Likewise, increased CD8 + T-cell and FoxP3 regulatory
T-cell counts have been found in the stroma of penile cancer

Tumor promoting components

Tumor infiltrating
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tissue [42, 44]. Higher numbers were described in HPV-
positive versus HPV-negative penile cancer, indicating a
stronger cytotoxic immune response and immune escape in
HPV-related penile cancer [45, 46].

Tumor-associated macrophages (TAMs) include both
the M1 macrophages, which are involved in tumor sup-
pression, and the M2 macrophages, which have a tumor-
promoting function [42]. High levels of M2 macrophages
play a role in lymph node metastasis development. How-
ever, their distribution and clinical significance remain
unclear. COX enzymes and PGE2 are expressed in penile
cancer tissue [42]. They have immunosuppressive potency,
and may aid in the formation of an immune hostile tumor
micro-environment.

Biomarkers

Tumor cells can evade the immune system and its infiltrat-
ing cytotoxic CD8 T cells. The immune checkpoints, such
as programmed cell death-1 (PD-1)/programmed cell death
ligand-1 (PD-L1) and cytotoxic T lymphocyte antigen 4
(CTLA-4), may have a role in this process. PD-L1 expres-
sion is present in 40-60% of penile cancer patients [42]. Dif-
fuse expression is associated with a worse outcome, whilst
marginal PD-L1 expression is linked to a much better prog-
nosis [45, 47]. Marginal PD-L1 expression may be initi-
ated by stromal T cells, thus representing an active immune
response, in contrast to diffuse PD-L1 expression which may
be caused by genetic mutations [45]. Siglec-15 was recently
identified as another potential target and prognostic indicator
in penile cancer [48].

A high neutrophil-to-lymphocyte ratio and C-reactive
protein have been described as predictors for poor prognosis
in penile cancer [39]. The production of the latter is induced
by interleukin-6, a protein with immunosuppressive potency.

Human leukocyte antigens (HLAs) initiate the antitumor
immune response by presenting tumor-associated peptides
to T-cell receptors. Partial loss of HLA-A expression results
in decreased overall survival in penile cancer patients [42].

Imiquimod

Stimulation of the host immune response against malig-
nant cells has been employed in superficial penile cancer
and precancerous lesions. Topical therapies can be used
as a nonsurgical treatment modality for patients with PeIN
[8]. The aim is to preserve the cosmesis and functionality
of the penis. Imiquimod (IQ) and 5-fluorouracil (5-FU)
are most commonly used as a topical ointment. IQ is an
immune-modulating drug. It activates the adaptive immune
through toll-like receptor 7 (TLR-7) which causes secretion
of cytokines such as interferon alpha, interleukin-6 (IL-6)

and tumor necrosis factor alpha [7]. Most data for the use of
topical IQ in PeIN come from small case series. In a pooled
review of 2017, Deen et al. included 48 patients treated with
1Q [49]. Complete response was revealed in 62.5% of the
patients, partial response in 8%, and 29% demonstrated no
response. The duration of treatment and frequency of appli-
cation are variable in the studies, which makes it difficult to
draw conclusions. Usually, the treatment frequency is 5 days
a week for a period of 4 to 6 weeks. An important side effect
of IQ is local toxicity, skin irritation can be outspoken. The
results of imiquimod and 5-FU are comparable [8]. Insuf-
ficient response can signify underlying invasive disease.
Hence, in case of non-responding to topical treatment, the
lesion should be treated in a surgical manner. Re-challenge
with topical products has to be avoided.

Potential for immunotherapy

Standard treatment modalities are limited to surgery, radia-
tion and chemotherapy. Systemic therapeutic options for
platinum-refractory, advanced penile cancer are limited.
There is often a poor response to further systemic therapy.
Metastatic cancer is associated with a dismal outcome with
an overall survival of 6 to 12 months, and salvage treatments
experience poor responses. Anemia and visceral metastases
are important prognostic factors [50]. Immunotherapy con-
tinues to be explored in this setting; clinical trials are being
employed to assess the role of immune checkpoint blockade
in penile cancer. As mentioned before, MSI (> 20 mutations/
Mb) was shown in 6% of the penile cancer specimens [40].

Preclinical data show that PD-L1 expression on infiltrat-
ing immune cells is present in 40-60% of the analyzed cases
[36, 42]. There is only anecdotal evidence on the activity of
checkpoint inhibition in penile cancer. In a case series of
2019, a 79-year-old patient with metastatic penile cancer,
which progressed after chemoradiation, was treated with
PD-L1 inhibitor atezolizumab for approximately 2 years
[51]. The treatment was discontinued after he developed
immune-mediated toxicity. A restaging scan at 2 years
showed near complete response.

Most trials including penile cancer patients are basket
trials accruing rare solid or genitourinary malignancies [38].
The trials include combinations of PD-1/PD-L1 inhibition
and CTLA-4 inhibitors. NCT02837042 included pem-
brolizumab for advanced penile cancer, NCT03333616/
NCT02834013 evaluate ipilimumab and nivolumab for
advanced rare tumors including penile cancer.

Recently, Huang et al. from MD Anderson described a
genetically engineered mouse (GEM) model of penile squa-
mous cell carcinoma, manipulating through the pathways
relevant to carcinogenesis mechanisms [52]. Mouse PeCa
tumors promote an immunosuppressive micro-environment
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with dominantly myeloid-derived suppressor cells (MDSCs).
In this model, preclinical trials show synergistic efficacy
of immune checkpoint blockade with MDSC-diminish-
ing drugs cabozantinib or celecoxib. Cisplatin resistance
is induced by Pten deficiency and co-deletion of Smad4/
apc. The disadvantage to genetically engineered models is
that the tumors are often monocloncal in nature and do not
resemble the intra-tumoral heterogeneity seen in human
penile cancer. To this end, recently developed xenograft
models can be humanized to better identify biomarkers for
immune checkpoint inhibitor responses [53].

Conclusion

The knowledge of molecular oncogenesis, with an important
role of HPV, in penile cancer is expanding. This can lead to
the identification of therapeutic targets which could signifi-
cantly influence the prognosis of advanced penile cancer.
Clinical trials in referral centers are being employed to pave
the way for individualized treatment modalities.
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