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Abstract: Penile cancer is a rare malignancy, particularly in industrialized nations. In the
United States, rates are approximately less than 1 per 100,000 men per year with just over
2000 new cases per year. However, there is significantly increased prevalence in developing
nations, with limited treatment expertise and reduced access to care, further driving an
unmet clinical need. The most noteworthy risk factor for penile cancer is the association with
human papillomavirus infection, which may be present in up to 50% of all penile carcinomas.
In addition to local primary tumor approaches, multimodality treatment strategies are vital to
patients with clinical regional nodal disease, locally advanced disease. Presence and degree
of lymph node involvement remains the most important prognostic factor and patients may
benefit from multiple treatment strategies. Interim analysis data from the first randomized
clinical trial is expected to yield results in mid/late 2024-early 2025. These treatment
approaches include neoadjuvant chemotherapy, adjuvant therapy, including chemotherapy
and radiation. Systemic therapy for distant recurrent or metastatic disease is primarily a
platinum-based chemotherapy, however with poor overall response. As poor outcomes
remain high, particularly in indigent populations, there remains an unmet need for these
patients, particularly for high level randomized trials and novel therapeutics. In this review,
we will highlight treatment updates for penile cancer. In addition to standard of care, we will
review novel lines of therapies including immunotherapies and targeted therapies as well as

sequencing approaches.
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Introduction

Penile cancer is a rare malignancy seen in indus-
trialized nations, for example, with just over 2000
new cases annually in the United States and esti-
mated 3100 annual cases in Europe.!»? Globally,
penile cancer accounts for 26,000 cases per year.>
However, in other parts of the world including
Africa, South America, and Asia, rates can be as
high as 10-20% of all malignancies in men.* In
addition, cultural differences including counties
that practice neonatal circumcision have
decreased rates.> Per population-based data, the
rates of penile cancer tend to increase with age.
Hispanic males have been noted to have a lower
median age at diagnosis as well as an increased
incidence rate (rate ratio 1.72 per 100,000 males),
compared to White and Black males (0.81 and

0.82per 100,000 males) and Asian-American
males (rate ratio 0.45 per 100,000 males).°

Additional risk factors for penile cancer include
human papillomavirus (HPV) infection in up to
50% of patients.”® Presence of phimosis, lack of
circumcision with a history of phimosis [odds
ratio (OR): 11.4, 95% confidence interval (CI):
5.0-25.9], tobacco exposure, poor hygiene, and
obesity are associated with increased risk. Medical
conditions of the penis are also associated with
increased risk, including genital warts (OR: 7.6),
penile tear, urinary tract infection, and urethral
stricture.10:11

Penile squamous cell carcinoma (PSCC) is the
most common form of penile cancer typically
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arising from the glanular and preputial skin.> The
World Health Organization 2016 classification of
penile carcinomas has been widely accepted and
includes non-HPV-related penile squamous cell
carcinomas (SCCs), HPV-related penile SCCs,
and other relative frequency (Table 1).12

Typical clinical presentation of penile cancer is a
local lesion with mass or ulceration. In approxi-
mately 50% of cases, inguinal adenopathy may be
present on initial presentation.!? Distant metasta-
sis at initial presentation is lower at approximately
1-10%.1%15 Staging for penile cancer includes the
8t edition of the American Joint Committee on
Cancer, tumor, node, metastasis staging system.
Notable updates to the 8% edition include pres-
ence or absence of perineural invasion as a divi-
sion between T1a and 1b tumors, as well as pN1
defined as <2 wunilateral inguinal metastasis,
without extranodal extension and pN2 defined as
>3 unilateral inguinal metastasis or bilateral
metastasis.!® Pathologic features for the tumor
locally include histology, presence of lymphovas-
cular invasion, as well as perineural invasion how-
ever regional nodal assessment is critical as nodal
involvement is the most important prognostic fac-
tor influencing survival currently. A published lit-
erature review reported 5-year cancer-specific
survival for patients without nodal metastasis at

85-100% contrasted with pelvic node metastasis
at 0-17%.17

Diagnostic evaluation for patients with clinical
negative inguinal exam in lower risk disease
includes surveillance, including pTis, pTa, or T1
lesions. For patients with higher risk disease
greater than pT1b, recommendation is for super-
ficial inguinal lymph node dissection (ILND) ver-
sus dynamic sentinel node biopsy. For clinically
suspicious inguinal nodes, an FNA can be utilized
and if positive can aid with definitive surgical
management. In patients with clinically suspi-
cious inguinal nodes who are otherwise low risk
with negative FNA, an excision biopsy is recom-
mended, and in high-risk (HR) patients with neg-
ative FNA, a superficial ILND with frozen section
is suggested. These diagnostic evaluations are
supported by international guidelines including
European Association of Urology (EAU) and
National Comprehensive Cancer Network
(NCCN) guidelines.!8:19

In cases with proven nodal metastasis, imaging
systemic modalities including computed tomogra-
phy (CT) and magnetic resonance imaging (MRI)
have become routine for staging and risk stratifica-
tion, particularly in picking up adverse nodal fea-
tures such as >3 positive lymph nodes, extranodal

Table 1. WHO classification and distribution of penile carcinomas (%).

Non-HPV-related penile SCCs

HPV-related penile SCCs

Other

SCC
Usual carcinoma (44%)
Pseudohyperplastic carcinoma (3%)
Pseudoglandular carcinoma
Verrucous carcinoma (3%])

Pure verrucous carcinoma (rare)

Basaloid carcinoma (7%)

Unclassified carcinoma (2%)

Papillary-basaloid (rare)

Warty carcinoma (7%)
Warty-basaloid carcinoma (4%)
Clear cell carcinoma (rare)

Lymphoepithelioma-like

carcinoma (rare)

Carcinoma cuniculatum (rare)
Papilary carcinoma, NOS (2%])
Adenosquamous carcinoma (rare)

Sarcomatoid squamous carcinoma (7%)

Mixed carcinoma (21%)

HPV, human papillomavirus; NOS, not otherwise specified; SCC, squamous cell carcinoma; WHO, World Health

Organization.
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extension, and pelvic metastasis. CT/positron
emission tomography (PET) may also be consid-
ered to assess nodal burden in patients with clini-
cally nodal positive disease, pre-/post-neoadjuvant
chemotherapy (INAC), or prior to salvage therapy
to assess treatment response primarily. A small
trial from the Netherlands with 18 patients with
unilateral or bilateral cytologic positive inguinal
disease with CT/PET sensitivity of 91%, specific-
ity of 100%, and diagnostic accuracy of 96%. In
five patients, they were also able to detect distant
metastasis.?%2! Cross-sectional imaging of the
chest/abdomen/pelvis via CT/MRI or CT/PET is
also supported by both EAU and NCCN guide-
lines. Patients with bulky inguinal lymph nodes,
>4 cm or fixed, are strong candidates for cross-
sectional imaging as well as multimodal treatment
strategies (i.e. NAC, chemoradiation).18:19

Tumor biology

It is vital to have a strong understanding of the
underlying biologic mechanisms and microenvi-
ronment in PSCC to help identify effective thera-
peutic targets.

Penile intraepithelial neoplasia (PeIN) is a risk
factor as a precancerous lesion with an undiffer-
entiated (HPV related) and differentiated (non-
HPV related) subtype.?? In a trial from the
Netherlands, it was reported that patients with
grade 1 mild dysplasia which progressed in 2% of
cases versus grade 3 PelIN, severe dysplasia pro-
gressed to malignancy in 7%.23

At this time, there is limited information for
familial inheritance pattern in PSCC and family
history of PSCC is not considered a major risk
factor, although could be a potential risk factor,
as it is in many cancer types. Given the rarity of
the disease, there are no classical twin studies.
There is one large long-term follow-up study of
Nordic twins, Nordic Twin Study of Cancer,
which evaluated 23 types of cancer including
PSCC with follow-up over an average of 32 years
with reported discordance in monozygotic twins
(n=15; PSCC cases) and dizygotic twins (z=34
cases). Despite the limitations, including num-
bers and population, it appears inheritance has
limited influence in PSCC.24:25

HPV infection remains an important driver for
oncogenesis in PSCC. Data from recent meta-
analysis in 2019 revealed that more than 50% of
penile carcinoma was positive for HPV DNA.

Basaloid squamous cell carcinoma and warty-
basaloid carcinoma had the highest prevalence,
84% and 75.7%, respectively.” Particular HPV
strains that have commonly been identified include
16, 18, 31, and 33. Incorporation of the HPV virus
into host DNA leads to overproduction of onco-
proteins E6, E7 which leads to cell cycle dysregula-
tion via interactions with p53 and pRb.2%:27 In
addition, HPV-associated cancers express
increased pl6 (INK4A) in response to E7 onco-
protein expression. Studies have shown immuno-
histochemical (IHC) overexpression of pl6
(INK4a) can be a surrogate for HR HPV infection,
with p16 overexpression correlating with improved
survival.28-33 Based on these mechanisms and per-
centage of HPV positivity, there remains signifi-
cant interest in HPV-directed therapies.3*

Penile carcinoma is also driven by an HPV-
independent pathway. Primary drivers are
thought to be chronic inflammation and somatic
gene alterations.?® Many chronic conditions
increase risk including phimosis, balanitis, lichen
sclerosis, obesity, lack of circumcision, smoking,
and psoralen UV-A phototherapy.?> A shared
mechanism in chronic inflammation is induction
of cyclooxygenase 2 (COX2) expression and has
been associated with PeIN as well as invasive and
distant penile cancer. Mechanistically, it is likely
that COX2 overexpression drives prostaglandins
and thromboxanes promoting angiogenesis and
invasion.3?%37 In a detailed evaluation of somatic
genomic alterations from cancer tissue of 43
patients, the most mutated genes included TP53,
CDKN2A, and HRAS.38:3%9 Moreover, new driver
genes are being considered including RB1 over-
expression, AR downregulation, and BIRC5
overexpression based on multidimensional, inte-
grative analysis of accumulation frequency altera-
tions in passenger genes.’%4 TP53 tumor
suppressor gene has also been studied, particu-
larly in the development of metastatic penile can-
cer as the main genetic pathway driving
progression as HPV-dependent mechanisms
decline over time.#! Epigenetic changes including
hypermethylation may also drive oncogenesis in
addition to genetic alterations.?® Overall, there
appears to be multiple mechanisms which may
drive new targetable treatment approaches.

From an infection standpoint, penile microbiota
from HPV-positive samples has also provided
additional insight. A study from Cape Town exam-
ining penile microbiota of 238 men from Onywera
et al*? documented greater abundances of
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Figure 1. Illustrative diagram of HPV-dependent, HPV-independent carcinogenesis and TME.

HPV, human papillomavirus; TME, tumor microenvironment.

anaerobic bacterial vaginosis-associated bacteria
including Prevotella, Peptinophilus, and Dialister,
particularly in HR HPV-infected men. Given the
causal relationship between persistent HR HPV
infection and penile cancer, it is conceivable that
these bacterial taxa can promote conditions for
persistent infection and oncogenic risk. This would
require additional longitudinal study.*?

Understanding the tumor microenvironment
(TME) remains critical to effectively treat and
personalize care for patients with PSCC. There
has been studied unique differences between
HPV-positive PSCC and HPV-negative PSCC,
including increased tumor-infiltrating lympho-
cytes (TILs), stronger polarization toward
T-helper 1 cells, and overall more significant
cytotoxic immune response in the HPV-positive
SCC subset.*> Based on a retrospective cohort
study, diffuse programmed death-ligand 1 (PD-
L1) expression, CD163+ macrophage infiltra-
tion, and low stromal CD8+ T-cell infiltration

were all associated with lymph node metastasis.*
Moreover, an additional study in tumoral inflam-
mation in penile cancer from Vassallo er al%
demonstrated a high presence of tumor infiltrat-
ing FoxP3-positive Tregs was linked to unfavora-
ble outcomes, and worse disease-free survival
probability (hazard ratio=2.50, p=0.02). A pri-
mary illustration of the HPV dependent, HPV
independent, and TME is shown in Figure 1.

Additional research on PD-L1 expression contin-
ues to support increased levels in PSCC. One
study in particular revealed up to 69.2% of lymph
node metastasis as being PD-L1 positive.4
Correlation with lymph node metastasis has been
seen in other studies including Udager ez al.%”
showing PD-L1 expression in the primary tumor
had notable correlation with lymph node metas-
tasis and shorter cancer-specific survival. These
findings appear to provide a rational basis for
anti-PD-1, PD-L1 blockade. Consideration for
immune checkpoint inhibitors is also supported
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by tumor mutation burden (TMB), for which the
TMB of PSCC was similar to that for other SCCs
including head and neck, esophagus, bladder,
and lung cancer.48:49

Whole exome sequencing in PSCC has shed
additional light on the molecular landscape in
PSCC. Chahoud ez al.5° sequenced 34 patients
prospectively and noted enrichment for mutation
signatures including the Notch pathway (70.6%),
comparable with head and neck squamous cell
carcinoma (HNSC). Additional enrichment of
two distinct mutational signatures, mutation pat-
tern 1 (MP1), and mutation pattern 2 (MP2)
were noted. MP1 was associated with oncogenic
activity of AID/APOBEC, and MP2 was associ-
ated with defective DNA mismatch repair and
microsatellite instability (MSI). MP1 enrichment
was positively correlated with increased TMB
and correlated with significantly worse survival
than MP2.5°

Additional studies have confirmed comparability
between PSCC and other HPV-related SCCs
including gains and amplifications on chromo-
somes 3q, 8q, 11p, and 5p, as well as losses on
11q, 3p, and 4q.51:52 Furthermore, utilizing The
Cancer Genome Atlas data, comparison of PSCC
with SCC from other anatomic sites revealed
convergence of mutations with increased altera-
tions including TP53, NOTCHI1, CKDN2A,
PIK3CA, CASPS8, and FAT1.48:50

Whole exome sequencing analysis has reported
the most common mutations in PSCC including
TP53 (35%), NOTCH1 (35%), CDKN2A
(23%), PIK3CA (21%), and DDR genes (20%).>3
Additional genomic profiling has outlined poten-
tial targetable alterations in metastatic PSCC
including mTOR pathway alterations (11%),
DNA repair pathway (including BRCA2/ATM at
14%), tyrosine kinase [epidermal growth factor
receptor (EGFR) alterations at 6%], and FGFR3
and ERBB2 genomic alterations (4% each).4! Of
note, in a retrospective cohort of 43 PSCC cases,
poorer outcomes were observed in cases with lack
of pl6 expression, MYC, and CCNDI
amplifications.3®

Data from HNSC have revealed therapeutic con-
sideration for NOTCH]1 loss of function muta-
tions with PI3K/mTOR inhibitors. This remains
significant given the current application for these
inhibitors in clinical practice, (i.e. metastatic
breast cancer) and potential for PSCC trial

exploration.>* In addition, EGFR is significantly
expressed by PSCC tumors and metastasis and
can be an additional consideration for targeted
treatment.’> The HER/PTEN/Akt pathway also
appears to be disrupted in PSCC suggesting pos-
sible benefit from therapies to target HER recep-
tors.’® Given the percentage of DDR gene
mutations in PSCC as describe above, considera-
tion for Poly (ADP-ribose) polymerase inhibitor
(PARPi)-based therapy should be evaluated further
as deletertous mutations in DNA damage responsive
genes are frequently associated with response to both
PARP: and platinum chemotherapy.33:57-5°

In describing the genomic landscape of PSCC,
additional studies utilizing the latest high-resolu-
tion methodologies including single-cell RNAseq,
single-cell ATACseq, and single-cell TCRseq
remains critical. These technologies may eluci-
date cell types and pathways involved in cancer
immunology, which can further personalize ther-
apeutic strategies in rare tumors.

Standard of care local therapeutic

approaches

Local treatment approaches may include penile
sparing techniques. For PeIN, topical chemother-
apy is an effective frontline approach including
5-fluorouracil (5-FU) and Imiquimod. There is
little randomized data for these treatments; how-
ever, complete response up to 57% has been
reported in the literature with limited serious
adverse events.®® Low recruitment has limited
standardizing protocols for topical therapy.

For PeIN and pTla, laser ablation therapy is an
option for superficial lesions with good functional
outcomes. Typically, laser ablation is performed
with neodymium-doped yttrium aluminum gar-
net or carbon dioxide. A multi-center, tertiary
referral center retrospective review did note an
inguinal/pelvic nodal recurrence rate for pT1b of
18%, and pT2 of 22%. Based on this data, laser
ablation coupled with diagnostic nodal staging
should be indicted in patients with pTlb or
higher.®! In addition, for PeIN and pT1 tumors
confined to the prepuce, circumcision is a com-
mon procedure and can be the primary treatment
for these lesions.®? From a preventative stand-
point, circumcision reduces chronic inflamma-
tory producing milieu. It is recommended to
supplement local treatments such as laser therapy
with radical circumcision for additional safety
and hygiene in patients who have not been
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previously circumcised.®®> Moh’s micrographic
surgery is another technique for PeIN and pTla
penile cancers, particularly superficial lesions.
This technique allows for maximal tissue preser-
vation. However, this technique remains very
time-consuming and technically difficult. An
observational study reported local recurrence rate
for PeIN of 5% and PSCC between 0% and 32%.
Glans resurfacing is another technique for PeIN
and pT1 which includes the excision of epithelial
and subepithelial glans tissue followed by replace-
ment with partial thickness skin graft.64

For patients with more invasive tumors (pT1-
pT2), additional options are available. Glansec-
tomy represents a technique of removing tumors
involving the glans via complete removal of glans
spongiosum. For smaller tumors, involving less
than half of the glans, a partial glansectomy and
wide local excision can be considered.®> Of note,
perineural invasion, PeIN, positive margins, lym-
phovascular invasion, high-grade SCC, and pT3
stage have been identified as risk factors for local
recurrence after glansectomy and can guide fur-
ther treatment.%6-67

An alternative organ preserving technique for
patients with localized tumors includes radiother-
apy such as external beam radiation therapy and
brachytherapy (BT). Major international guide-
lines, including NCCN and ESMO, support radi-
otherapy as an organ preserving strategy in early
stage PSCC.18:68 There is a lack of randomized,
prospective trials comparing radiotherapy to sur-
gery; thus, the decision between treatment modal-
ities requires shared decision-making. Data from
a meta-analysis including 2178 patients revealed
no statistical difference in 5-year local control or
overall survival (OS) rates between surgery versus
BT groups.% Based on published series of patients
followed prospectively, patients who were treated
with primary radiotherapy were successfully sal-
vaged with surgery.”®

Although patients with T1b and T2 tumors can
be treated with organ sparing surgeries. A partial
or total penectomy (TP) may be required for T3
disease with corpus cavernosum involvement. Per
NCCN guidelines, partial penectomy (PP) should
be considered in high-grade primary tumors, pro-
vided a functional penile stump can be preserved
and negative surgical margins are obtained. If a
PP is not possible, a TP should be performed.
Intraoperative frozen sections are recommended
for evaluating margin status.!® There is not a

consensus regarding negative margins.
Historically, a 2cm margin was standard of care
however having a surgical margin greater than
1 mm has been shown to be quite sufficient and
have not affected long-term oncologic out-
comes.”! As previously discussed, TP is recom-
mended if a functional penile stump is not
possible, and typically indicated in T3 or T4 stage
PSCC. Radical penectomy involves penile
removal via corporal body to the level of pubic
bone. In addition, the urethra is brought through
the perineum forming a perineal urethrostomy.%*
Oncologic outcomes in a North American study
utilizing National Cancer Data Base in patients
with pT1-2 PSCC noted a 5-year and 10-year OS
rate of 85% and 72% for PP and 79% and 63%
for TP. It is worth noting clinical and pathologic
factors likely impacted choice of surgical proce-
dure. In patients who underwent PP, a tumor size
<3cm was noted in 59.7%, pT2 in 46.4%, nodal
metastasis in 8.1%, and chemotherapy was given
during the course of their disease in 6.5% of
patients. In patients who underwent TP, a large
size tumor >4cm was noted 50.5%, pT2 in
61.3%, nodal metastasis in 12.6%, and chemo-
therapy was given during the course of their dis-
ease in 11.2% of the patients.”?

Standard of care for locally advanced PSCC
multidisciplinary treatment approaches

Neoadjuvant therapy

For patients with locally advanced PSCC, multi-
disciplinary care is optimal for disease manage-
ment. Lymph node status remains pivotal,
marking the boundary between curable and
incurable disease, and is the strongest predictor
for survival in PSCC.7374 In patients with con-
cern for clinical nodal disease, determining the
extent of disease via clinical exam, imaging, and
percutaneous biopsy is critical.”> Patients, with
biopsy-proven inguinal lymph nodes that are
fixed, bulky >4 cm, bilateral, and/or positive pel-
vic lymph nodes, are recommended for NAC fol-
lowed by surgical management of lymph nodes
including ILND/pelvic lymph node dissection
(PLND). The preferred NAC approach is four
cycles of TIP (paclitaxel, ifosfamide, and cispl-
atin). These recommendations are supported by
the NCCN and EAU guidelines.181°

The recommendation for TIP is based on a sin-
gle-arm, non-randomized, phase II trial. This was
a prospective trial led by Pagliaro er al. with 30
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patients at a single institution with clinical N2/N3
PSCC. NAC was administered for four cycles
consisting of paclitaxel 175 mg/m? (administered
over 3h on day 1); ifosfamide 1200mg/m?2 on
days 1-3; and cisplatin 25 mg/m? on days 1 and 2.
Key findings included objective response rate
(ORR) of 50%, pathologic complete response
(pCR) in 10% of patient and 30% alive and recur-
rence free at median follow-up 34 months (range:
14-59 months). The estimated median time to
progression (TTP) was 8.1 months (95% CI:
5.4-50 months), and median OS was 17.1 months
(95% CI: 10.3-60months). Improved TTP and
OS were significantly associated with a response
to chemotherapy (»<0.001 and »=0.001,
respectively), absence of bilateral residual tumor
(»=0.002 and p=0.017, respectively), and
absence of extranodal extension (p=0.001 and
p=0.004, respectively) or skin involvement
(»=0.009 and p=0.012, respectively). Therapy
was overall well tolerated with grade 3 infections
(16.7%).76 This was the first prospective study to
evaluate multimodality therapy outcomes in
PSCC with regional lymph node involvement,
establishing NAC with TIP followed by surgical
consolidation as the preferred treatment for
PSCC with bulky lymphadenopathy.”> Of note,
there has been limited molecular or imaging bio-
markers for early assessment of the benefit of
NAG, there is limited but promising results with
fluorine-18 (18F-FDG PET/CT).7577 Biomarkers
or alternative prognostic indicators would be ben-
eficial to further risk stratify patients to additional
adjuvant-based therapies. In a small retrospective
study, the adjuvant chemoradiation setting, HPV
positivity predicted for improved locoregional
control in pathologic node positive disease com-
pared to HPV-negative patients. These results
would require larger, prospective trials for valida-
tion; however, HPV remains intriguing as up to
50% of PSCC are HPV positive.”%78

Results from Pagliaro et al.7® remain consistent
with published literature despite being a single
institution study with a relatively small number of
study patients (IN=30). A large retrospective sys-
temic review of neoadjuvant studies, published by
Azizi er al.”® suggested 50% of patients with bulky
regional lymph node metastasis in PSCC achieve
response to platinum-based NAC, with approxi-
mately 16% achieving pCR. In this systematic
review, 10 studies met inclusion criteria and the
pooled ORR was 53%. A stratified sub-analysis
revealed an ORR of 55% and 49%, a pCR of 9%
and 20%, a toxicity rate of 26% and 49%, and an

overall mortality of 54% and 58% for non-taxane-
platinum  wversus taxane-platinum regimens,
respectively. Limitations of this study include
9/10 studies being retrospective with majority
being single institution. Additional variables
including heterogeneity between prior treat-
ments, extent of disease, dosing of NAC, and
follow-up time.”®

To gain further clarity in the neoadjuvant space,
the International Penile Advanced Cancer Trial
(InPACT: NCTO02305654) was started in 2017
internationally, conducted in the United
Kingdom, United States, Columbia, and Canada
in 2017. This trial recruited patients with cTany/
cN1-3/M0 PSCC randomized to either ILND
alone, NAC followed by ILND, or neoadjuvant
chemoradiation followed by ILND. Primary out-
come measure is OS, with key secondary outcome
measures including disease-free survival, toxicity,
surgical complications, and quality of life. A sec-
ondary question this trial addresses is among
patients whose inguinal node histology predicts
HR of recurrence, does prophylactic PLND plus
chemoradiation to the inguinal and pelvic fields
improve survival compared with chemoradiation
alone.8? In further detail, the randomizations
include InPACT-neoadjuvant and InPACT-
pelvis. For InPACT-neoadjuvant, patients are
stratified by disease burden including nodal sta-
tus, radiographic features, and Glomerular
Filtration Rate (GFR). Patients with high disease
burden are randomized to NAC or neoadjuvant
chemoradiotherapy. Patients with intermediate
disease burden are randomized to either surgery
alone, NAC, or neoadjuvant chemoradiotherapy.
Low disease burden patients proceed to surgery
alone. In patients whose postoperative findings
are concerning for HR features, they proceed to
InPACT-pelvis, where patients are randomized
to adjuvant chemoradiotherapy with or without
PLND (if no previous neoadjuvant chemoradio-
therapy) and PLND or observation (in patients
who previously received NAC).81 Overall, the
InPACT trial will provide much needed rand-
omized, level 1 evidence, for sequencing therapy
based on disease burden in patients with locally
advanced PSCC, and should yield results in mid/
late 2024—early 2025. This trial will also be a rich
resource for biomarker and molecular testing.

Adjuvant therapy
The data for adjuvant chemotherapy remain lim-
ited currently as studies are mainly retrospective
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with heterogenous study size and regimens uti-
lized. Per NCCN guidelines, adjuvant chemo-
therapy is recommended for patients with 2 or
greater positive unilateral inguinal lymph nodes
>4 cm (mobile) after lymph node dissection, or
with extranodal extension and previously did not
receive NAC (pN2, pN3). Given the limited pro-
spective data, TIP chemotherapy over four cycles
has been extrapolated from the neoadjuvant set-
ting, other recommended regimen includes 5-FU
plus cisplatin.!® Retrospective data supporting
adjuvant chemotherapy include Sharma ez al.?2 in
36 patients with positive pelvic lymph nodes, of
note eight patients received 5-FU + cisplatin and
one patient received TIP, notable findings
included significant improvement in OS
(21.7months versus 10.1 months) in responders
versus non-responders, respectively. Additional
retrospective data from Necchi er al. including
over 170 patients, who received lymph node dis-
section and adjuvant chemotherapy, yielding sig-
nificant improvement in OS in patients with pN?3
(pelvic nodal) disease.

Adjuvant chemoradiotherapy per NCCN guide-
lines can be considered for palpable bulky ingui-
nal lymph nodes, large pelvic lymph nodes and
are considered category 2B recommendation for
non-bulky inguinal lymph nodes pN2-3. There
has been clinical benefit reported, however sparse
and retrospective, including a study from
Johnstone ez al.®3 with 93 patients with N3 nodal
disease revealing survival benefit in the extran-
odal extension negative patients who received
postoperative chemotherapy and inguinopelvic
radiation. Additional data on adjuvant chemora-
diation will come from the second randomization
of the InPACT trial InPACT Pelvis).80

Standard of care in relapsed/metastatic
disease

Systemic therapy

Platinum-based chemotherapy has been the pri-
mary frontline approach in relapsed/metastatic
PSCC. The rationale for platinum-based chemo-
therapy in the metastatic PSCC setting is based
on multiple single arm, phase II trials.76-84-8% In a
40-patient trial combining cisplatin with bleomy-
cin and methotrexate, a response rate of 32.5%
was reported; however five treatment-related
deaths were noted as well as six patients with one
or more life-threatening toxic episodes. This trial
illustrates the importance of unmanageable

toxicities in the setting of incurable disease, thus
placing emphasis on safety and quality of life.84
The mainstay of treatment in the metastatic set-
ting remains TIP per Pagliaro et al.7% based on
prospective neoadjuvant data for locally advanced
disease. Another active combination includes cis-
platin and 5-FU, with a retrospective analysis
revealing an ORR of 32%, noting grade 3 or 4
neutropenia observed in 20% of patients.®. These
regimens are supported by the NCCN guidelines,
with TIP as the preferred regimen.!8 It is worth
noting the phase II VinCaP trial, a single-arm
study of non-platinum chemotherapy, vinflunine,
in locally advanced/metastatic PSCC as the pri-
mary endpoint of clinical benefit rate of 40% was
exceeded at 45.5%. Neutropenia was the most
common adverse effect at 23%, other toxicity
profile was in keeping for vinflunine.%®

Unfortunately, patients who have progressed
through or recurred after frontline cisplatin chem-
otherapy have dismal prognosis, with an emphasis
for clinical trial evaluation. There is no consensus
regarding second-line salvage regimens. In a ret-
rospective study of 30 patients with metastatic
penile cancer after first-line chemotherapy, 17
patients received one or more salvage therapies
with a median survival from first treatment failure
of 5.7months (range: 1.4-30.3months).°! In a
single-arm, phase II study, multicenter, patients
were treated with 175 mg/m? paclitaxel at 3-week
intervals, ORR was 20% and the primary end-
point with grades 3 and 4 neutropenia of 28%,
notable for moderate anticancer activity along
with being generally tolerable.2

Given the overall prognosis and limited systemic
data, therapies should be tailored to perfor-
mance status, comorbidities, with a focus on
quality of life.53 Following platinum chemother-
apy, a retrospective analysis revealed poor prog-
nostic factors including visceral metastasis and
anemia <10g/dL associated with reduced OS.
In these patients, analysis revealed 1-year OS at
6.7%.%3

Novel therapeutic and sequencing
approaches

Targeted therapies including Tyrosine kinase
inhibitors (TKI)

Given the limitations of platinum-based chemo-
therapy, efforts have been made to explore differ-
ent targeted treatment modalities to personalize
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care and optimize outcomes. Multiple studies
have established that PSCC highly expresses
EGFR protein via IHC and harbors gene amplifi-
cations despite the difficulty of targeting activat-
ing EGFR mutations.®* Necchi ez al%
prospectively evaluated panitumumab (anti-
EGFR) in patients with unresectable or meta-
static PSCC after atleast one line of chemotherapy,
11 patients were treated with a median OS of
9.5months, and one case of grade 3 cutaneous
toxicity and diarrhea each. Data from another
second-line salvage trial incorporated anti-EGFR
agent cetuximab, these patients were retrospec-
tively reviewed receiving taxane therapy alone or
in combination as well as cetuximab alone or in
combination, there was an ORR of 27% with
trend for improved response rate in the cetuxi-
mab including regimens compared to other agents
(OR=5.05, p=0.077).23 In a phase II study by
Necchi et al.?5, the HER/PTEN/Akt pathway was
examined with the use of dacomitinib, a pan-
HER TKI able to inhibit EGFR, HER2, and
HER4 in a single-arm study of 28 chemo-naive
patients with ctN2-3 or M1 disease. The ORR was
reported at 32% for the entire group with
12-month OS of 55%, including a 12-month OS
of 64% in the locally advanced group.®® Of note,
the ORR was notably reduced compared to TIP
data from Pagliaro and colleagues which was
50%.7¢ Despite the modest efficacy, grade 3
adverse effects were only seen in three patients
(10.7%) and upon further analysis of studies
translational results, patient selection plays a sig-
nificant role as dacomitinib was found to be clini-
cally beneficial in patients that have mutations in
downstream effectors of HER receptors as well as
with TERT mutations.®%8 Another study that
reported out includes a phase I basket trial from
National Cancer Institute combining anti-c-Met,
VEGFR2, AXL, RET inhibitor, cabozantinib
with combination immunotherapy. Three patients
with advanced PSCC were enrolled with two
patients having stable disease and one partial
response.®® Overall, it remains tough to make
cross-trial comparisons and draw definitive con-
clusions based on these studies given their small
sample size, patient heterogeneity, and retrospec-
tive nature. It appears anti-EGFR, and pan-HER
TKI agents are tolerable treatments and can be
options for patients who are not candidates for
standard of care combination chemotherapy (i.e.
TIP) or following platinum chemotherapy.
Further prospective randomized controlled trials
in this space are needed. Moreover, additional tar-
getable pathways as discussed in previous section

may represent emerging targets including inhibi-
tion of mTOR, NOTCHI1, DDR, and ERBB2
pathways.53:41

HPV-directed therapies

Given the high prevalence of HPV DNA in PSCC
(approximately 50%), research should also be
focused on HPV-directed therapies. The pathol-
ogy primarily relies on carcinogenesis of HPV
proteins E6 and E7.2527 In addition to the consid-
eration for prophylactic vaccines, early vaccine
studies have demonstrated correlation between
induction of cytotoxic T-cell responses and clear-
ance of HPV-associated precancerous lesions via
immune response against proteins E6 and E7.97:98
To date, there is no prospective data on therapeu-
tic vaccines in the setting of PSCC; however,
there remains encouraging data and efficacy in
both the prophylactic and therapeutic settings in
other solid tumors, that is, cervical cancer.97-98
Therapeutic HPV vaccines are being testing in
multiple ongoing/recruiting basket trials, that
include penile cancer, including monotherapy
vaccine versus in combination with immunothera-
pies including anti-PD-1, anti-PD-L1, and adop-
tive T-cell therapy (ACT). (Table 2).

Moreover, a promising combination, including
binatrafusp alfa (transforming growth factor-
beta) and PDL-1, was used in a phase I/II trial
with HPV-positive cancers. This dual targeted
therapy had an ORR of 30.5% including five
complete responses, although no patients on trial
had PSCC.*®

Immunotherapies (immune checkpoint

blockade, ACT)

Immunotherapies including immune checkpoint
blockade (ICB) and ACTs are novel treatment
options, primarily being investigated in ongoing
clinical trials. Much of the published data cur-
rently include small case series, including data
from Hahn ez al.1°° which reported three cases of
PSCC receiving salvage Pembrolizumab as part
of a phase II clinical trial for rare tumors. Of note,
one of the patients who was MSI high (MSI-H)
experienced a durable partial response, under-
went consolidative surgery, and remained disease
free 38.7 months later.1%0 Another published case
series from Chahoud er al 19 revealed ongoing
treatment response with Pembrolizumab for one
patient with a complete response maintained for
38 months with TMB high status (TMB-H) of 14
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Table 2. HPV-directed basket trials including penile cancer.
Study Patient eligibility HPV target Other therapy Number of Primary Study status
patients endpoint

Phase I/Il

NCT02379520  Recurrent HPV+ HPV-16/18 E6/  Cytoxan, fludarabine, 32 Incidence of  Not
disease/HPV+ disease E7-specific T and nivolumab DLT recruiting
ineligible for SOC lymphocytes (anti-PD-1)
treatment

NCT02858310  Recurrent/metastatic HPV-16 E7- Aldesleukin, 180 Phase Il Recruiting
HPV+ disease targeting TCRT  fludarabine, dosing

cells (E7 TCR) cyclophosphamide

NCT04180215 Relapsed/metastatic HB-201+/-HB- None 200 Incidence Recruiting

disease 202 of DLT and
phase Il dose

NCT04432597  Recurrent/metastatic PRGN-2009 Anti-PD-L1/TGF- 76 Phase Il dose Recruiting
HPV+ disease (HPV vaccine) Beta Trap (M7824) and safety

NCT03439085  Recurrent/metastatic INO-3112 Durvalumab 77 ORR Recruiting

HPV+ disease

DLT, dose-limiting toxicity; HPV, human papillomavirus; ORR, objective response rate;

PD-L1, programmed death-ligand 1; SOC, standard of care.

(>10) and a second patient with partial response
maintained for 18 months with a positive PD-L1
expression (combined positive score 130). In
addition to significant responses from PD-1 and
PD-L1 blockade, the consideration for combina-
tion ICB using PD-(I)1 and CTLA-4 inhibition
has shown promise despite limited data, includ-
ing a case report in a patient with metastatic
penile cancer refractory to TIP, who had near
resolution of large inguinal mass after two treat-
ment cycles of nivolumab and ipilimumab.192 An
important ICB approval from a genomic stand-
point was KEYNOTE 158, a multicohort phase
II study of Pembrolizumab for advanced non-
colorectal unresectable or metastatic cancers, that
are MSI-H or mismatch repair-deficient (dMMR)
tumors, and that have progressed following prior
treatment without satisfactory alternative. Among
the 233 enrolled patients, 27 tumor types were
represented. At median follow-up 13.4 months,
the ORR was 34.3% with median OS 23.5 months
and 14.6% grades 3-5 adverse events.!?3
Additional biomarker analysis was explored with
TMB-H>10 mutations per megabase, by
Marabelle ez al1%% in 10 tumor-type-specific
cohorts from KEYNOTE 158. Based on these
data, the NCCN guidelines in penile cancer do
endorse the use of Pembrolizumab under subse-
quent-line systemic therapy for metastatic/recur-
rent disease patients who are MSI-H, dMMR, or

TMB-H.18:103,104 However, despite the biomarker
work reviewed above, a strong consideration to
study ICB in all patients with metastatic penile
cancer is still warranted. As we know, many
tumor types are currently managed with ICB
independent of certain molecular characteristics
(i.e. MSI-H, dMMR, or TMB-H). Furthermore,
TMB remains heterogeneous across tumor types,
and may not necessarily clearly predict respond-
ers versus non responders. For example in renal
cell carcinoma, higher TMB does not appear to
improve or predict benefit from ICB.105

The majority of data for ICB and other novel ther-
apies have been limited to the relapsed/refractory
setting. It should be noted that sequencing alterna-
tive therapies earlier in the disease course remains
critical as there is unmet need to optimize therapy
and improve upon the standard of care in earlier
stages of the disease. In other solid tumors, we
have seen Food and Drug Administration (FDA)
approvals for ICB in the neoadjuvant space includ-
ing triple negative breast cancer, utilizing four
cycles of NAC in combination with Pembrolizumab,
per KEYNOTE 522.19 In non-small-cell lung
cancer (NSCLC), a recent FDA approval for NAC
in combination with nivolumab for up to three
cycles prior to surgery revealed a significantly
improved event-free survival over 10 months, per
CheckMate 816. In addition, in NSCLC, there are
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multiple phase III studies which have confirmed
survival benefit with chemo-immunotherapy
(ICB) in the frontline metastatic setting.!07-108 At
this time for PSCC, NCT04224740 is a phase II
clinical trial combining pembrolizumab with cispl-
atin-based chemotherapy in the frontline meta-
static setting.1%® Unique in its design, the clinical
trial, NCT03774901, is evaluating avelumab in
the frontline maintenance setting in patients with
locally advanced or metastatic PSCC who have
responded or have stable disease after frontline
platinum polychemotherapy.!19 Although the trial
failed to meet its primary endpoint of PFS,
PERICLES (NCT03686332) recruited a cohort
of patients with locally advanced PSCC and com-
bined ICB with or without radiotherapy to locore-
gional lymph nodes. The concept of current
multimodality therapy, with novel agents, will ben-
efit from additional study given the potential syn-
ergy between radiation and immunotherapy.!!!

In addition to sequencing chemo-immunother-
apy (ICB) to earlier in the disease course to
improve cancer control, this approach has added
benefits. From a logistical standpoint, chemo-
immunotherapy with ICB is an outpatient regi-
men for the community, commonly administered
with familiar systemic agents. The current stand-
ard of care, TIP, requires inpatient chemotherapy
that limits community/rural access, reducing
access to care. In addition, significant expertise
and experience is required to monitor triplet cyto-
toxic chemotherapy and handle treatment-related
toxicities.

ACTs also have increased interest given its novel
approach. These therapies utilize ex vivo expansion
of TILs as well as engineering of T cells with tar-
geted tumor antigens, that is, T-cell receptor
(TCR) and chimeric antigen receptor therapy. A
small pilot feasibility study by Aydin ez al.l1? was
the first to demonstrate expansion of TIL from
penile cancer patients. In this study, tumor sam-
ples were collected from metastatic lymph nodes
and TIL were expanded from 11 out of the 12
samples. TTL expansion and phenotype were inde-
pendent of previous HPV infection and treatment
with NAC and may represent clinical and thera-
peutic application.!12 In addition, the viability of
engineering T cells, particularly with targeting
HPV was published in a landmark study from
Doran et al.''3> This study was a first-in-human,
phase I/II trial in which patients with refractory
disease from any site, received autologous

genetically engineered T cells expressing a TCR
directed against HPV16 E6 (E6 TCR T cells), a
conditioning regimen, and systemic aldesleukin.
There were no dose-limiting toxicities observed in
phase I portion, and two patients experienced
objective tumor responses.!!3> In a similar trial
design, Nagarsheth er al1* conducted first-in-
human clinical trial targeting HPV-16 E7 in
patients with metastatic HPV-associated epithelial
cancers and documented an objective clinical
response in 6 of 12 patients, including 4 of 8
patients with anti-PD-1 refractory disease. Finally,
an innovative, currently active basket trial,
NCT02379520, looks to combine TCR-based
approach against HPV, E6, and E7, and is also
evaluating a combination with nivolumab (ICB).115

Conclusion

Overall, the treatment of penile cancer represents
a complex landscape, particularly in developing
nations as there is an unfulfilled need for high-
level, multidisciplinary therapeutic options.

Currently, there are no validated screening guide-
lines for PSCC. This represents an opportunity
for a screening process in the future, particularly
for HR patients.

Preventative strategies to control modifiable risk
factors remain critically important. As mentioned,
smoking cessation, safe sex practices (including
reducing risk of HPV), circumcision, improving
local hygiene, limiting immunosuppression, and
controlling obesity may lower the risk for devel-
oping PSCC.

Optimizing treatment strategies via basket trials as
well as improving upon the current landscape
(InPACT) represent practical approaches to help
bridge the gap and improve clinical outcomes.
Furthermore, including novel therapeutic options
not only the metastatic refractory setting, however
earlier in the disease course (NAC) is another
important consideration to improve the clinical
outcomes of our PSCC patients. Ongoing collab-
oration and clinical trial enrollment remain critical
and will continue to transform standard of care.
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