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Abstract

Penile cancer is a rare and biologically heterogeneous malignancy in which extensive regional nodal or distant metastatic disease is associated
with poor survival. This structured narrative review summarizes current evidence for systemic treatment in the neoadjuvant, adjuvant, first-line
palliative, and later-line settings, together with emerging biomarkers and molecularly directed strategies. PubMed/MEDLINE, Embase, Scopus,
Web of Science, and ClinicalTrials.gov were searched through 2010 to June 2026. The evidence base remains dominated by retrospective
cohorts and small, single-arm phase Il studies, while mature randomized phase lll data are lacking. Locally advanced disease and/or lymph
node metastases carry a poor prognosis. Systemic treatment is crucial in improving the outcome and chemotherapy remains the main and
first treatment option. Two triple drug regimens based on cisplatin and taxanes are recommended by guidelines, but response cannot be
predicted. The most advantageous use is in combination with lymphadenectomy either as a neoadjuvant or an adjuvant approach.

Targeted therapies and immune-checkpoint inhibitors have shown signals of clinical activity, particularly in combination strategies, but they
have not yet established a universal standard of care. Future progress will depend on international prospective trials, biomarker-integrated
patient selection, and rational multimodal combinations.
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Introduction

Systemic chemotherapy is used for the treatment of locally
advanced and/or metastatic penile cancer but with limited
success. Its role today is therefore mainly in a neoadjuvant or
adjuvant setting as a multimodal treatment for lymph node
positive disease in conjunction with surgery or radiotherapy.
Within such a multimodal approach, chemotherapy can be
highly effective.

Due to therarity of penile cancer, randomized controlled trials
are limited. As a result, the existing evidence primarily consists
of small retrospective series and multicenter cohorts, which
are susceptible to selection bias, treatment heterogeneity,
and incomplete reporting. Because penile cancer is a
squamous cell cancer (SCC), comparisons and inferences are

often made with data from other squamous cell cancers. This,
however, is often misleading. Penile SCC (pSCC) today has
14 recognized distinct pathological subtypes that differ in
tumorigenesis and aggressiveness. We still know little about
the differences between the various types of penile cancer
in response to different treatments. Targeted therapies and
immunotherapies have been extremely successful in other
malignancies but in pSCC their role is still evolving. Several
molecular pathways and potential therapeutic targets in pSCC
have been identified [1-4]. Studies are ongoing, but here also
a ‘one-fits-all’ solution will not be available. The aim of this
structured narrative review is therefore to critically evaluate
systemic treatment in the neoadjuvant, adjuvant, first-line
palliative, and later-line settings, with particular emphasis on
the strength of evidence, predictive biomarkers, and ongoing
clinical trials.
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Methods

This structured narrative review is based on searches of
PubMed/MEDLINE, Embase, Scopus, and Web of Science
from database inception to June 2026. ClinicalTrials.gov and
the reference lists of relevant articles and guidelines were
additionally searched. Search terms combined “penile cancer’,
“penile squamous cell carcinoma’, or “pSCC” with terms
related to systemic therapy, chemotherapy, neoadjuvant and
adjuvant treatment, immunotherapy, immune-checkpoint
inhibitors, targeted therapy, EGFR, HPV, p16, TP53, tumor
mutational burden, microsatellite instability, and mismatch
repair. Current EAU-ASCO, ESMO-EURACAN and NCCN
guidelines were also reviewed. English-language human
studies reporting systemic treatment, clinical outcomes,
relevant biomarkers, or guideline recommendations in
pSCC were eligible. Prospective trials, multicenter cohorts,
systematic reviews, meta-analyses, and international
guidelines were prioritized, while retrospective series and
selected case reports were included when higher-level
evidence was unavailable. Duplicate publications, studies of
non-penile primary tumors, purely preclinical studies, and
reports without relevant clinical data were excluded. Evidence
was synthesized narratively, considering study design, sample
size, clinical setting, efficacy, toxicity, and potential sources
of bias. No protocol was registered, and formal PRISMA
reporting, meta-analysis and GRADE assessment were not
performed.

Molecular Alterations and Potential Therapeutic
Targets in Penile Cancer

Numerous studies have evaluated specific molecular
alterations in primary penile cancer and metastatic tissues to
find predictive and prognostic factors and, more recently, to
evaluate potential targets for target-directed treatment.

Thelargest whole exome sequencing analysis in penile cancer
so far identified as the most common gene mutations TP53 (in
35% of cases, NOTCHI (35%), CDKN2A (23%), PIK3CA (21%) and
DDR (20%) [5]. Other groups found a similar set of frequent
mutations: CDKN2A (in 40% of cases), NOTCH1 (25%), PIK3CA
(25%), EGFR amplification (20%), CCND1 amplification (20%),
BRCA2 insertions/deletions (10%), RICTOR amplifications
(10%), and FBXW?7 point mutations (10%) [6-11].

Genomic alterations in the Notch pathway are also frequently
found in head & neck squamous cell cancers as in pSCC (70.6%
of cases) [12]. pSCC cancer samples showed enrichment of
two mutational signatures, one associated with oncogenic
activity of APOBEC (a cytosine deaminase) and the other with
defective DNA mismatch repair and microsatellite instability.
The subset with the APOBEC-related mutation signature
correlated with worse survival in comparison to the other
(HR=10.2) [12].

About 30-50% of penile cancer cases are HPV-positive and
are usually p16-positive as well [13]. In an analysis of p16, p53
and HPV in 57 cases a positive p16 status was a significant
predictor for better cancer-specific survival (hazard ratio 0.36)
[14-16]. In that study, the worst cancer-specific survival was
seen in pN+ patients who were negative for p16 and p53 (8
vs. 34 months; p<0.01). Feber et al. reported that HPV-positive
pSCC had a lower mutational load than HPV-negative tumors
[7]. Also, a definitive CpG signature in HPV-negative tumors
was identified.

In the study by Chahoud etal., HPV detection was significantly
associated with mutations in the ARPP21, CMYA5 and RPGRIP1
genes, while P53 pathway genes (TP53, CHECK2) showed
mutations in only 20% of HPV-positive cases but in 54.2% of
the HPV-negative cases [12]. Similarly, in another study, HPV-
mutations were seen in only 10% of HPV-positive cases and
in 76% of HPV-negative cases [17]. This is supported by the
finding that p53 expression in lymph node metastases of pSCC
conferred an advantage in disease-free and overall survival
with cisplatin-based chemotherapy [18]. Thus, consistent with
the theory that either HPV infection or chronic inflammation
drives the development of pSCC, different mutations have
been found in HPV-positive and HPV-negative penile cancers.

Tumor-associated macrophages (TAMs) are part of the
host’s potential immune response. In pSCC, high densities
of CD68+ TAMs were associated with significantly improved
cancer-specific and overall survival as well as a lower risk of
nodal recurrence [12]. In another study, high intra-tumoral
CD163+ cells corresponding with lymph node metastasis
were reported [19].

The number of non-synchronous somatic mutations in the
coding area of tumor cells per megabase of DNA is described
as the Tumor Mutational Burden (TMB). The mutations
are thought to influence the expression of so-called ‘neo-
antigens’ (tumor-specific epitopes) which can be attacked
by the immune system. TMB quantification and reporting
are, however, not very well standardized. Furthermore, it
varies widely among different tumor entities. However, it
is considered a prognostic as well as a potential response
marker to some immunotherapies, e.g. pembrolizumab. TMB
is usually not very high in pSCC. Furthermore, in Feber et al’s
analysis, TMB was not correlated with tumor stage or grade [7].

Thus, pSCC appears genetically ‘quiet’ with relatively few
recurrent somatic mutations identified when compared with
other adult tumors [8]. Also, there is a relatively low rate of
copy-number alterations (CNAs) in pSCC, with approximately
50% showing no significant CNAs and only 13 regions of
significant recurrent CNAs [7]. However, the findings in
the mutational spectrum suggest an “APOBEC” mutational
phenotype in HPV-related pSCC which is also seen in other
HPV-related tumors. The relative lack of somatic alterations
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and the CpG deamination signature as well as the reduction
in DNA methylation in HPV-negative tumors may indicate that
changes to the epigenome may represent a major pathogenic
mechanism in pSCC [7].

Since changes in the HER/PTEN/Akt pathway in pSCC have
also been described, and HER3, HER4, and EGFR are associated
with pSCC, HER tyrosine kinase inhibitors may also be a
suitable targeted therapy. Epidermal growth factor receptor
(EGFR) is overexpressed in epithelial cancers, including pSCC.
A study of 30 patients has suggested that EGFR expression is
a predictor of recurrence and poor prognosis in patients [20].
Although EGFR expression is high in pSCC, EGFR alterations
are rarely found.

PD-L1 has been detected in 40-60% of pSCCs and mainly in
HPV-negative tumors [21]. In that study, PD-L1 expression in
primary pSCC was significantly associated with lymph node
metastasis (p<0.024). Similarly, Ottenhof et al. reported that
PD-L1 expression in tumor cells was a significant predictor of
positive lymph nodes (OR 2.81, p<0.06) [19, 22]. Furthermore,
a negative HPV status and positive PD-L1 expression was
significantly correlated with poor disease-specific survival (HR
9.73, p<0.021, and HR 2.81, p<0.04, respectively).

In summary, there has been significant progress in
characterizing the molecular characteristics of pSCC. It
has become clear that there are fundamental differences
between HPV-positive and HPV-negative pSCCs. At the same
time, unlike other HPV-driven carcinomas, pSCC shows few
consistent mutational alterations. It therefore seems unlikely
that response to some immunotherapies will be similarly
successful as it has been in other HPV-related squamous cell
carcinomas. Penile cancer is a complex type of cancer. Despite
more knowledge of its molecular set-up, not so much of this
can be confidently transferred into clinical practice yet.

Current Chemotherapy Concepts

Chemotherapy began in the early 1970s with single drugs on
a trial-and-error basis. Response rates of 61%, 25%, and 21%
were reported for methotrexate, cisplatin, and bleomycin each
[23,24]. Cisplatin was used in two-drug combinations, with
5-fluorouracil, irinotecan, methotrexate, and gemcitabine
[25-28].

Triple drug regimens with cisplatin, bleomycin, and
methotrexate were reported with a response rate of 72% [29].
However, other groups reported much lower response rates of
32% and 55% with toxicity-related deaths [30-32]. Pizzocaro
et al. introduced two triple drug regimens: vincristine,
bleomycin, and methotrexate as well as cisplatin, paclitaxel,
and 5-fluorouracil (TPF) [33,34].

In the TPF regimen, 5-fluorouracil can be replaced by

ifosfamide (cisplatin, ifosfamide, and paclitaxel, TIP). The triple
drug regimens TPF and TIP are today standard and they seem
to be equally effective [35]. TIP is more popular in the US, TPF
in Europe. Although response rates of TIP appear numerically
higher than those reported for TPF, cross-trial comparisons
are limited because of heterogenous patient populations and
predominantly retrospective studies. Overall, interpretation
of chemotherapy outcomes is limited by small sample sizes,
mixed neoadjuvant and metastatic populations, variable
response criteria, and the predominance of non-randomized
studies. Cross-study comparisons should therefore be
avoided, and differences in reported response rates should
not be regarded as evidence of comparative efficacy between
regimens (Table 1).

Multimodal Treatment Strategies for Lymph Node
Disease

Neoadjuvant and adjuvant chemotherapy address
distinct clinical scenarios and should not be interpreted as
interchangeable strategies. Neoadjuvant treatment aims to
downstage bulky or fixed nodal disease before consolidative
surgery, whereas adjuvant treatment is considered after
lymphadenectomy in selected patients with high-risk
pathological features. The prognosis of pSCC depends entirely
on the lymph-node status, lymph node surgery being the
most important factor for survival [1]. Despite clear evidence
that lymph node surgery improves survival it is still underused
[36,37]. In limited regional lymph node disease, long-term
survival is possible with multimodal treatment. This consists
of radical lymph node surgery combined with chemotherapy,
radiotherapy or radiochemotherapy. Guidelines recommend
neoadjuvant chemotherapy in bulky disease and adjuvant
chemotherapy in limited lymph node disease [38] (see
Figure 1). Its use has increased in recent years [39]. Lacking
prospective, randomized trials, the evidence for adjuvant and
neoadjuvant chemotherapy is based on cohort series and is
not very strong.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy is recommended by guidelines
for lymph-node positive patients with bulky disease to
improve resectability. Again, the existing evidence is largely
based on retrospective cohort studies, many with different
chemotherapy regimens used.

There are several case series using different chemotherapy
regimens. The reported response rates lie between 65% and
84% and disease-free survival in responders between 31% and
90% [40-44]. In one multi-center analysis, neoadjuvant as well
as adjuvant chemotherapy were not significantly associated
with survival in N1/N2 disease, but did have an effect in N3
disease [42].
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Table 1. Systemic treatment regimens for advanced penile squamous cell carcinoma.

Regimen Clinical setting Objective Survival outcomes Major toxicities Level of
response rate evidence
TIP (Cisplatin + Ifosfamide Neoadjuvant, first- ~50-65% Long-term survival in ~ Neutropenia, Phase I,
+ Paclitaxel) line metastatic responders; median OS nephrotoxicity, retrospective
12-37 months neuropathy
TPF (Cisplatin + 5-FU + Neoadjuvant, ~38-43% Improved DFS in Myelosuppression, Phase ll,
Paclitaxel/Docetaxel) adjuvant, metastatic selected patients mucositis retrospective
Cisplatin + 5-FU First-line or second ~ 20-30% Limited Moderate Small prospective
line studies
Cisplatin + Irinotecan First-line or second  ~30% Limited Gastrointestinal toxicity Phase |l
line
Gemcitabine + Cisplatin ~ second line <10% No major benefit Moderate Phase Il
Paclitaxel (single agent) second line ~20% Median OS 6-9 months Neuropathy Phase Il
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Figure 1. Treatment algorithm for penile cancer.
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Neoadjuvant chemotherapy with the TPF regimen was
used in two studies, whereby docetaxel was substituted for
paclitaxel. Response rates were 58% and 63% [45,46]. In both
trials, responders had better survival.

Neoadjuvant therapy with the TIP regimen was used in only
one phase Il study of N3/3 disease, with a response rate of 50%
and 30% long-term survival in responders [47]. This compared
favorably to overall cure rates by this approach of only 16-20%
[42,48,49].

The data of the different studies are not directly comparable.
What is clear from several of these studies is that the prognosis
of patients with locally advanced or lymph node disease can
be substantially improved if they respond to neoadjuvant
chemotherapy. In a meta-analysis of 10 studies of neoadjuvant
chemotherapy with pooled data from 182 patients, an overall
response rate of 53% with a pathologically complete response
rate of 16% was calculated. This analysis also reported less
toxicity with regimens that did not include a taxane [50,51].

Adjuvant chemotherapy

Large databases did not demonstrate a benefit; in the
National Cancer Database (NCD), only lymph-node surgery
was significantly associated with overall survival [37].
Similarly, a SEER analysis did not show any effects on cancer-
specific mortality in pN2/3 disease and another NCD analysis,
published only as an abstract, did not show any effect at
all [52]. However, large databases do not show details of
treatment and are open to many biases.

Instead, we must rely on retrospective cohort studies. The
adjuvant VMB study reported cure in 90% of patients [33].
The same group later reported a cohort with a relapse rate of
16% compared to 45% in a historic control without adjuvant
treatment [40]. An adjuvant two-drug regimen (cisplatin or
carboplatin plus paclitaxel) gave markedly improved disease-
free survival (23 versus 2 months) [53]. Adjuvant TPF (either
paclitaxel or docetaxel) gave 50% long-term survival, whereby
expression of p53 correlated with a poorer outcome [18].

Several studies compared adjuvant and neoadjuvant
treatment. Nicolai et al. used TPF whereby 37% of patients
with adjuvant chemotherapy achieved long-term survival
versus 7% of those with neoadjuvant treatment [54]. In
another series, the adjuvant treatment group experienced a
significantly longer progression-free survival but there was
no difference in overall survival [55]. Warli et al. reported
20 patients with bulky disease and found that early surgery
followed by adjuvant chemotherapy had better outcomes
than neoadjuvant chemotherapy followed by surgery [56].

In a multicenter retrospective study (n=689) neither
neoadjuvant nor adjuvant chemotherapy provided overall
survival advantage in pN1/2 patients but neoadjuvant

therapy did in pN3 disease [42].

A multicenter analysis looked at pelvic nodal disease. Thirty-
six men achieved an overall survival of 21.7 months with
adjuvant chemotherapy versus 10.1 months without (p<0.049)
[57]. In multivariate analysis, improved overall survival was
independently associated with adjuvant chemotherapy
(hazard ratio 0.40, p<0.022).

A meta-analysis of the existing data reported non-significant

hazard ratios of 1.41 (0.99-2.02) for overall and 1.63 for
progression-free survival (1.09-2.44) in favor of adjuvant
therapy [58].

Summary of chemotherapy concepts

The existing data on adjuvant chemotherapy suggest that
in 30-50% of cases of lymph-node positive disease, adjuvant
chemotherapy can improve the prognosis and is of definite
benefit. The benefit is greatest in patients at high risk of
recurrence [59]. It improves disease-free and overall survival
in high-risk pN3 patients, including those with pelvic nodal
involvement [57,60]. Three of the retrospective cohort analyses
comparing adjuvant and neoadjuvant treatment found an
advantage of adjuvant over neoadjuvant treatment. Adjuvant
chemotherapy is recommended by the EAU guidelines (see
Figure 1) [38,61].

Responders to neoadjuvant chemotherapy have a chance to
achieve long-term survival with radical lymph node surgery.
However, the response to chemotherapy cannot be predicted.
Treatment response should be assessed early during
neoadjuvant chemotherapy. In patients without progression
and with technically resectable disease, consolidative lymph-
node surgery should be considered within a multidisciplinary
treatment strategy. It is also clear that prospective controlled
trials are needed to clarify the many remaining questions
of multimodal treatment with chemotherapy. A currently
ongoing trial (INPACT, NCT02305654) is trying to resolve some
of these questions.

Palliative and Second-line Treatment

For unresectable or distant metastatic disease, treatment
is generally palliative and should balance disease control,
treatment-related toxicity, symptom relief, and quality of
life. Platinum-based chemotherapy remains the preferred
first-line systemic approach, although the supporting
evidence is low-level and no regimen has been validated in
a randomized comparative trial. TIP and TPF are commonly
used triplet regimens, whereas platinum-based doublets
may be considered in patients who are unlikely to tolerate
intensive treatment. Regimen selection should take into
account performance status, renal function, pre-existing
neuropathy, comorbidities, prior systemic treatment, and
patient preferences [38].
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Second-line chemotherapy

In  studies of second-line treatment after first-line
chemotherapy the median overall survival of patients is
4.3-9 months [60]. Second-line chemotherapy after disease
progression is not at all well evaluated and probably
underreported.

TIP can be used if TPF was the first line treatment or vice versa.
However, the cumulative cisplatin dose must be considered.
Second-line paclitaxel after first-line cisplatin-based therapy
were reported with partial responses in 20-25% [62,63].
Second-line bleomycin, methotrexate and cisplatin was
used with 40% partial response rate, vinflunine with 27%
[64], mitomycin C with 22% [65] and cabazitaxel without any
response [66].

Thus, second line chemotherapy is based on trial and error,
using one- or two-drug regimens depending on what the first-
line regimen was. The prognosis of these patients is very poor,
and the potential benefits of any palliative chemotherapy
should be weighed against quality of life and complications.
No established standard of care exists after progression on
platinum-based chemotherapy. Whenever feasible, enrolment
in a clinical trial should therefore be prioritized over empirically
selected salvage therapy [38].

Multimodal Treatment with Adjuvant Radiotherapy

Guidelines do recommend adjuvant radiotherapy despite a
lack of evidence [38]. A meta-analysis from 2018 did not show
any consistent benefit of adjuvant radiotherapy [67].

Several studies compared adjuvant radiotherapy with
chemotherapy. With nodal disease limited to the groin,
radiotherapy was better than chemotherapy in overall survival
[68], while others reported equal efficacy [69].

For extranodal extension of lymph node metastases (pN3),
radiotherapy seems more effective than chemotherapy
[70,71]. Regarding radiochemotherapy, some reported no
difference [72,73] while others that radiochemotherapy was
more effective than radiotherapy alone [70,74]. A SEER analysis
suggested that pN3 patients may benefit from adjuvant
radiochemotherapy [75], however, without benefit for survival
[76,77]. The same was reported from the Danish penile cancer
registry [78].

Thus, the evidence for adjuvant radiotherapy after radical
lymph node surgery is even less clear than for adjuvant
chemotherapy. It does suggest, however, that adjuvant
radiochemotherapy is more effective than radiotherapy alone.
The benefit of adjuvant radiotherapy may be limited to cases
with extranodal extension [79].

Advances in radiotherapy techniques may, however, improve

this situation, allowing for higher doses and more specific
targeting. An improved disease-free and overall survival at
2 years was reported recently [80]. As with chemotherapy,
adjuvant radiotherapy may be more effective in HPV-positive
pSCC [81].

Thus, the evidence is heterogeneous, but it seems that in pN3
disease due to extracapsular extension, radiochemotherapy is
beneficial.

Targeted Therapies

The tyrosine kinase inhibitors sorafenib and sunitinib were
used in pSCC without much success. In six patients with
advanced pSCC progressive after two different chemotherapy
regimens either of the two drugs were used, with one partial
response, four stabilizations and pain reduction. A reduction
in microvessel density and Ki-67 labeling was observed in
three paired tumor specimens [82].

Since EGFR overexpression is common in penile cancer
and related to poor prognosis, different EGFR-targeted
therapies (cetuximab, erlotinib, gefitinib) were used [83].
17/24 patients received cetuximab alone or in combination
with chemotherapy with four partial responses and a time
to progression of 11.3 weeks. Nimotuzumab was used in
HPV-positive patients progressive after chemotherapy and
reported 2/6 partial responses and one stable disease [84].
Dacomitinib, a pan-HER Tyrosine kinase inhibitor in a phase-I|
study as first-line therapy in 28 patients with a response rate
of 32% and a time to progression of only four months [85] (see
Table 2).

Overall, targeted therapies have produced occasional
objective responses but limited durability, and no agent has
established a routine role in unselected penile squamous cell
carcinoma. Their limited clinical success may reflect molecular
heterogeneity, the rarity of actionable driver alterations,
pathway redundancy, and the absence of prospective
biomarker-based patient selection.

Immunotherapy

The first attempt with immunotherapy was 13-cis-retinoic
acid plus interferon-a2a in 16 patients but there was only one
response [86]. Interferon-a2a in combination with cisplatin
showed a response rate of 75% [26].

Since the expression of PD-L1 is high in pSCC, PD1/PD-
L1, and CTLA-4 antibodies were tried. In one patient, a
substantial response to nivolumab in an HPV-negative, PD-
L1-positive pSCC progressive after chemoradiotherapy was
seen with 80% reduction in tumor volume [87]. After eight
doses of nivolumab, on rebiopsy tumor cells showed reduced
expression of PD-L1 while intratumoral immune cells showed
increased PD-L1 expression.
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Table 2. Clinical studies of immunotherapy and targeted therapy in penile SCC.

Study Treatment Line of therapy Patients ORR Median Median  Biomarker
PFS (0 observations
HERCULES Pembrolizumab First line 37 39% 54 9.6 Better response
+ platinum months months in HPV-positive
chemotherapy tumors
Cemiplimab Cemiplimab First line 29 52% 6.2 15 Promising
combination trial + platinum months months combination
chemotherapy
Toripalimab + Combination Neoadjuvant — 82% 65.5% 72% Most promising
Nimotuzumab + immunotherapy treatment of locally 2-year PFS 2-year OS results to date
chemotherapy advanced disease
Pembrolizumab First line (cisplatin- 10 30% 2.8 months 4.3 Better outcome
monotherapy ineligible) months in PD-L1/HPV-
positive patients
Nivolumab Salvage Case reports — Durable — — PD-L1 positive
partial
response
Dacomitinib Targeted therapy First line 28 32% 4 months — Limited activity

For first-line pembrolizumab, a response rate of 30% with a
duration of response and disease control of 12 and 8 months,
respectively, was reported. However, the median progression-
free survival (PFS) was 2.8 and the median overall survival only
4.3 months. PD-L1 and HPV-positive patients had a higher
response rate [88,89].

In @ mouse model with predominant myeloid-derived
suppressor cells in the tumor immune microenvironment a
synergistic effect of immune checkpoint blockade with the
MDSC-diminishing drugs cabozantinib or celecoxib were
demonstrated [90].

Numerous studies are currently investigating the use of
checkpoint inhibitors in pSCC and in basket trials of HPV-
associated or rare tumors [91,92] (see Table 3).

Combination treatment with immunotherapy and
chemotherapy

This approach has yielded some promising results (see Table
2).In a phase Il trial (HERCULES), first-line pembrolizumab plus
platin-based chemotherapy achieved an objective response
rate of 39%. However, median progression-free and overall
survival were only 5.4 and 9.6 months [93,94]. Higher response
rates were seen in HPV-positive than HPV-negative patients.
Cemiplimab with platin-based chemotherapy yielded partial
responses in 52% and stable disease in 10% of patients. Again,
median progression-free survival was 6.2 months only and
overall survival 15 months [95]. In a distinct neoadjuvant
setting, toripalimab plus nimotuzumab combined with
taxane-based chemotherapy produced an objective response
rate of 82%, with two-year overall and progression-free survival

rates of 72% and 65.5%, respectively. Because this single-arm
multimodal strategy was followed by consolidative surgery
in a selected population with locally advanced disease, its
results should not be directly compared with first-line studies
conducted in patients with unresectable or metastatic disease
[84].

Second-line immunotherapy

Second-line targeted or immunotherapy can lead to modest
prolongations of overall survival. One successful case was
reported for tislelizumab [96,97]. Sorafenib as well as sunitinib
[82], panitumumab [98], EGFR-antibodies [99], cabozantinib
plus nivolumab [100] and apatinib [101] have been reported
in this setting. By meta-analysis, these trials provided for
longer median overall and progression-free survivals, 6.7-9.5
months and 1.9-4.8 months, respectively, than does second-
line chemotherapy [102]. Nivolumab, retifanlimab as well
as pembrolizumab plus vorinostat have been used . In a
multi-center retrospective basket trial of rare tumors with 92
patients with metastatic pSCC, different immunotherapies
were used as second or third line treatments (prembrolizumab
(28%), nivolumab/ipililumab with or without tyrosine kinase
inhibitors (25%), nivolumab (17%) or cemiplimab (16%). There
was an overall objective response rate of 13% and a median
overall and progression-free survival of 9.8 and 3.2 months,
respectively [103].

Ongoing trials

There are numerous registered ongoing trials into the
potential role of immunotherapy in pSCC (Table 3). There
is also an interest in antibody drug conjugates with the
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Table 3. Major ongoing clinical trials in advanced penile cancer.

Trial Phase Treatment

Population Primary endpoint

INPACT (NCT02305654) 11l

Surgery + neoadjuvant

Node-positive disease Overall survival

chemotherapy/radiotherapy

Cemiplimab combination study I

Toripalimab combination trial Il
chemotherapy

Basket immunotherapy studies I PD-1/PD-L1 inhibitors

Cemiplimab + chemotherapy

Toripalimab + Nimotuzumab +

ORR
ORR

Advanced disease

Advanced disease

Rare tumors including penile SCC Response rate

NCT05526989 Il Dostarlimab + Niraparib Second-line after chemotherapy ORR
NCT03391479 Il Avelumab Second-line pSCC ORR
NCT03774901 Il Avelumab maintenance therapy Locally advanced or metastatic PFS

EPIC Il Cemiplimab maintenance After chemotherapy PFS

Basket trial (NCT02496208) Il Cabozantinib + Nivolumab + Rare genitourinary tumors ORR

Ipililumab
NCT07518979 Il Becotatug Vedotin + Pucotenlimab Neoadjuvant RO resection
NCT06104618 Il Enfortumab vedotin Unresectable or metastatic, unfit Best response rate
for chemotherapy
NCT07110038 1] Enfortumab vedotin + avelumab Unresectable or metastatic, ORR

first-line

theoretical capability to deliver chemotherapy specifically
towards cancer cells that express certain proteins. In a basket
trial, sacituzumab govitecan with or without atezolizumab
is being studied (NCT06161532) and enfortumab in a phase
2 trial (NCT06104618) [104]. These developments are very
promising in that prospective trials are underway, and the
potential of new and hopefully better therapies is being
explored (Table 3).

Potential predictive biomarkers for immune-checkpoint
inhibition include PD-L1 expression, HPV/p16 status, tumor
mutational burden, and microsatellite instability or mismatch-
repair deficiency. However, none of these biomarkers have
been prospectively validated specifically for treatment
selection in penile squamous cell carcinoma.

PD-L1 expression has been assessed using heterogeneous
assays and positivity thresholds, and its predictive relevance
remains inconsistent. HPV/p16 status remains predominantly
a prognostic, rather than an established predictive marker
[13-15]. MSI/dMMR-related alterations have been reported
in genomic studies, but their prevalence and predictive
relevance in pSCC remain insufficiently defined [6-9].

Primary and acquired immune resistance may involve a
low neoantigen burden, impaired antigen presentation,
T-cell exclusion or exhaustion, immunosuppressive tumor-
associated macrophages and myeloid-derived suppressor
cells, and adaptive changes in checkpoint expression
[7-9,19,87,90,91]. These mechanisms provide a biological
rationale for combinations involving chemotherapy,

radiotherapy, EGFR-directed therapy, anti-angiogenic agents
and antibody-drug conjugates [84,87,90,93,95,100,104].
However, these strategies remain investigational and require
prospective comparative validation [84,93,95,100,104].

Biomarkers for Treatment and Prognosis

There are indications that response to chemotherapy and
immunotherapy is better in HPV-positive patients [105].
However, there are no data on chemotherapy responsiveness
in different histological subtypes of pSCC.

P16 is a surrogate marker for HPV-positivity, and is associated
with a better prognosis [14,15]. PD-L1 expression is high in
pSCC but indicates a poor prognosis with early lymph node
metastases. Especially the combination of HPV negativity and
high PD-L1 expression indicate a poor prognosis.

P53 mutations are more common in HPV-negative than
-positive pSCC and probably for that reason p53 is also an
indicator of a worse prognosis.

Importantly, prognostic association should not be equated
with predictive value. Although HPV/p16 positivity, PD-L1
expression, and p53 abnormalities have been associated with
clinical outcomes, none has been prospectively validated
as a stand-alone biomarker for selecting chemotherapy,
immunotherapy, or EGFR-directed treatment in penile
squamous cell carcinoma. At present, treatment selection
should not be based on any single pSCC-specific biomarker
outside a clinical trial or an approved tumor-agnostic
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indication. Future studies should prospectively integrate viral
status, immune phenotype, and genomic alterations with
treatment-specific outcomes.

Strengths and Limitations of the Available

Evidence

The principal strength of the existing literature is the
consistent observation across several prospective and
retrospective cohorts that selected responders to multimodal
treatment may achieve durable disease control. However,
the overall certainty of evidence remains low. Most available
studies are retrospective institutional or multicenter series
or small, single-arm phase Il trials, while mature, randomized
phase Il data are lacking.

Interpretation is limited by selection bias, confounding by
indication, heterogeneous clinical settings and treatment
regimens, inconsistent response definitions, and the inclusion
of both locoregionally advanced and distant metastatic
populations. Randomized trials remain difficult because of
the rarity of penile squamous cell carcinoma, geographically
dispersed care, clinical heterogeneity, and potentially
rapid disease progression. Consequently, most guideline
recommendations are weak, cross-study comparisons should
be avoided, and treatment decisions should be individualized
within experienced multidisciplinary centers.

Future perspectives

Intensive research into the molecular oncology of pSCC has
yielded many detailed insights. As efforts continue, results
are likely to change systemic treatment for pSCC. The role of
targeted and immunotherapy is evolving. Exploratory data
suggest that HPV/p16 status may be associated with treatment
response, but this observation requires prospective validation
and should not yet be used as an independent criterion for
treatment selection. Chemotherapy remains the backbone
of systemic treatment, whereas chemoimmunotherapy,
biomarker-selected targeted combinations, and antibody-
drug conjugates should currently be regarded as emerging
strategies requiring prospective comparative validation.
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