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Safety and efficacy of immune checkpoint inhibitors in
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Abstract

Background: Treatment options for penile squamous cell carcinoma are limited. We sought to investigate clinical outcomes and
safety profiles of patients with penile squamous cell carcinoma receiving immune checkpoint inhibitors.

Methods: This retrospective study included patients with locally advanced or metastatic penile squamous cell carcinoma receiving
immune checkpoint inhibitors between 2015 and 2022 across 24 centers in the United States, Europe, and Asia. Overall survival and
progression-free survival were estimated using the Kaplan-Meier method. Objective response rates were determined per Response
Evaluation Criteria in Solid Tumours 1.1 criteria. Treatment-related adverse events were graded per the Common Terminology
Criteria for Adverse Events, version 5.0. Two-sided statistical tests were used for comparisons.

Results: Among 92 patients, 8 (8.7%) were Asian, 6 (6.5%) were Black, and 24 (29%) were Hispanic and/or Latinx. Median (interquartile
range) age was 62 (53-70) years. In all, 83 (90%) had metastatic penile squamous cell carcinoma, and 74 (80%) had received at least
second-line treatment. Most patients received pembrolizumab monotherapy (n =26 [28%]), combination nivolumab-ipilimumab with
or without multitargeted tyrosine kinase inhibitors (n=23 [25%)]), or nivolumab (n =16 [17%)]) or cemiplimab (n=15 [16%]) mono-
therapies. Median overall and progression-free survival were 9.8 months (95% confidence interval=7.7 to 12.8 months) and 3.2
months (95% confidence interval =2.5 to 4.2 months), respectively. The objective response rate was 13% (n=11/85) in the overall
cohort and 35% (n=7/20) in patients with lymph node-only metastases. Visceral metastases, Eastern Cooperative Oncology Group
(ECOG) performance status of 1 or higher, and a higher neutrophil/lymphocyte ratio were associated with worse overall survival.
Treatment-related adverse events occurred in 27 (29%) patients, and 9.8% (n = 9) of the events were grade 3 or higher.

Conclusions: Immune checkpoint inhibitors are active in a subset of patients with penile squamous cell carcinoma. Future transla-

tional studies are warranted to identify patients more likely to derive clinical benefit from immune checkpoint inhibitors.

Penile squamous cell carcinoma is a rare cancer, particularly
in developed countries, with 2070 estimated new cases and 470
estimated deaths in the United States during 2022 (1). In com-
parison, it represents up to 10% of cancers in male individuals
in developing countries (2). A common management strategy
for locally advanced penile squamous cell carcinoma is neoad-
juvant chemotherapy using paclitaxel, ifosfamide, and cispla-
tin, followed by lymph node dissection (3-5). In this context,
the overall response rate is around 50%, and the median over-
all survival ranges from 17 to 27 months (5-7). Alternatively,
adjuvant chemotherapy with paclitaxel, ifosfamide, and cis-
platin or 5-fluorouracil is a suitable treatment option, with a
median overall survival of approximately 22months for
patients with locally advanced penile squamous cell carci-
noma who did not receive neoadjuvant chemotherapy (8).
Platinum-based chemotherapy regimens are also part of the
first-line therapy for unresectable locally advanced or meta-
static penile squamous cell carcinoma based on data from
small, nonrandomized trials, given the challenges of conduct-
ing phase 3 trials in rare malignancies.

Once patients with locally advanced or metastatic penile squ-
amous cell carcinoma progress following first-line platinum-
based chemotherapy, the treatment algorithm becomes less
clear. Unfortunately, the low prevalence of penile squamous cell
carcinoma, the hurdles faced in clinical trial accrual in high-
income countries (ie, ClinicalTrials.gov ID NCT02837042), and the
scarce funding of trials in developing countries limit the avail-
ability of clinical data (9,10). The median overall survival for
those with metastatic penile squamous cell carcinoma after pro-
gression on first-line chemotherapy is less than é months (11).
Furthermore, taxane-based chemotherapy regimens for recur-
rent penile squamous cell carcinoma yield variable response
rates (0%-20%) (12,13). Immune checkpoint inhibitors offer a
promising treatment option for patients with penile squamous
cell carcinoma based on accumulating biological and clinical

evidence from case reports (14-19), case series (20), and umbrella
trials (21-24). In addition, prior studies have shown that penile
squamous cell carcinoma tumor samples exhibit a high pro-
grammed cell death 1 ligand 1 (PD-L1) positivity rate in tumor
cells (32%-67%) and tumor-infiltrating immune cells (64%-80%),
rendering them reasonable targets for anti-programmed cell
death 1 protein (PD-1)/PD-L1 immune checkpoint inhibitor regi-
mens (25-32). Favorable outcomes with immune checkpoint
inhibitors in human papillomavirus (HPV)-driven head and neck
squamous cell carcinoma (33) and cervical cancer (34) further
support their use in HPV-associated penile squamous cell carci-
noma (30%-50% of penile squamous cell carcinoma patients) (35).
For instance, nivolumab vs targeted therapy or chemotherapy for
head and neck squamous cell carcinoma demonstrated a pro-
longed median overall survival (7.5 vs 5.1 months) and a higher
overall response rate (13.3% vs 5.8%), despite a similar
progression-free survival (PFS) (2.0 vs 2.3months) (33). In addi-
tion, in cervical cancer, pembrolizumab vs placebo yielded an
increase in median PFS (10.4 vs 8.2 months) and median overall
survival (24.4 vs 16.4months), with a higher objective response
rate (65.9% vs 50.8%) (34).

Clinical trials evaluating new therapies for penile squamous cell
carcinoma face accrual challenges and have frequently closed early
(ie, ClinicalTrials.gov IDs NCT02837042 and NCT02541903).
Currently, several clinical trials assessing immune checkpoint
inhibitors for penile squamous cell carcinoma with or without che-
motherapy are underway (36-41). To overcome the hurdles of
delayed clinical trial accrual, we used the international consortium
of the Global Society of Rare Genitourinary Tumors (GSRGT) that
aims to improve the clinical outcomes of poorly studied rare genito-
urinary tumors (10,42). We assembled a retrospective, multi-
institutional, international cohort of patients with advanced penile
squamous cell carcinoma treated with immune checkpoint inhibi-
tors and report on their efficacy and safety profiles.



Methods
Patient population

This retrospective study was covered by the institutional review
board review at Dana-Farber Cancer Institute (protocol No. 21-
329) and local institutional review boards at participating sites
according to the Declaration of Helsinki, and individual patient
consent was waived. A subset of patients was derived from
Italian centers, all of which were also enrolled in the Meet-URO23
(I-RARE study), a multicenter observational (both retrospective
and prospective) registry study for rare genitourinary cancers.
The study was approved by the ethics committee of Istituto
Oncologico Veneto, Padua, Italy (No. 2021/19/PU) and by local
institutional review boards at each participating site.

Deidentified data from 24 participating institutions in the GSRGT
consortium from the United States, Europe, and Asia
(Supplementary Table 1, available online) were obtained and are
currently housed at Dana-Farber Cancer Institute. The patients
included in this study 1) had a biopsy-proven advanced penile squa-
mous cell carcinoma; 2) received any line of immune checkpoint
inhibitor therapy (at least 1 dose), defined as anti-PD-1/PD-L1 alone
or in combination with anti-cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4), chemotherapy, or tyrosine kinase inhibitors
between 2015 and 2022; and 3) did not receive immune checkpoint
inhibitors as adjuvant or neoadjuvant therapies. Demographic data
on sex, race, and ethnicity were self-reported. Patients who did not
identify as Asian, American Indian, Alaska Native, Black or African
American, Pacific Islander, Native Hawaiian, or White were grouped
as “Others” when defining racial groups. Clinical and laboratory var-
iables were assessed at baseline and included Eastern Cooperative
Oncology Group (ECOG) performance status, neutrophil/lympho-
cyte ratio, visceral metastases, and the number of prior lines of sys-
temic therapy. HPV status was determined by either P16
immunohistochemistry or HPV DNA testing, depending on avail-
ability at each center. Similarly, tumor proportion score from PD-L1
immunohistochemistry was used to document PD-L1 status.

Statistical analysis

Descriptive statistics were used to summarize patient character-
istics. The median follow-up of the overall cohort was calculated
using the inverse Kaplan-Meier method. Overall survival was cal-
culated from the time of initiation of immune checkpoint inhibi-
tor treatment to death from any cause or censored on the date of
the last follow-up. PFS was calculated from the time of immune
checkpoint inhibitor initiation to radiologic or clinical progressive
disease or death from any cause or censored on the date of the
last follow-up. Overall survival and PFS were estimated using the
Kaplan-Meier method, and log-rank tests were performed to
compare them between categorical subgroups. Duration of
response was defined as the duration between the date of the
first response and the date of radiologic progressive disease, clini-
cal progressive disease, or death, whichever occurred first.
Objective response rate was determined by the clinical investiga-
tor per Response Evaluation Criteria in Solid Tumours (RECIST)
1.1 criteria whenever feasible. Disease-control rate was defined
as the proportion of patients with partial response, complete
response, and stable disease as the best response. Treatment-
related adverse events were reported and graded using the
Common Terminology Criteria for Adverse Events, version 5.0.
Clinical variables previously associated with response to immune
checkpoint inhibitors in other genitourinary cancers were investi-
gated (43-45). Multivariable Cox proportional hazards regression
models for overall survival and PFS were fitted, adjusting for the
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following variables selected a priori: ECOG performance status
(>1 vs 0), neutrophil/lymphocyte ratio (continuous), visceral
metastases (presence vs absence), and the number of prior ther-
apy lines (>1 vs 0). P values less than .05 was considered statisti-
cally significant. Statistical analyses were performed using SAS,
version 9.4, statistical software (SAS Institute Inc, Cary, NC), and
all statistical tests used for comparisons were 2-sided.

Results
GSRGT penile squamous cell carcinoma cohort

Among 92 patients with advanced penile squamous cell carci-
noma treated with immune checkpoint inhibitors, the median
(interquartile range [IQR]) age was 62 (53-70) years, and 34 (37%)
were known current or former smokers. In this international
cohort, 61 (66%) patients were from the United States, whereas
29 (32%) and 2 (2.2%) patients were from European and Asian
institutions, respectively (Table 1; Supplementary Table 2, avail-
able online). In the overall cohort, 61 (74%) were White, 8 (9.6%)
were Black or African American, and 8 (9.6%) were Asian. The
median follow-up time was 21.9months. Immune checkpoint
inhibitor treatment was administered in the metastatic setting
for 90% (n=83) of patients, while the remainder received
immune checkpoint inhibitors for locally advanced, unresectable
disease. Metastatic involvement of visceral organs was present in
54 (59%) patients, with 44 (48%) having metastasis to the lungs,
10 (11%) to the liver, and 19 (21%) to other visceral organs
(Table 1; Supplementary Table 2, available online).

Immune checkpoint inhibitors were administered in the
second-line setting or beyond for 74 (80%) patients. The most
common immune checkpoint inhibitor regimens were single-
agent pembrolizumab (n=26 [28%]), nivolumab (n=16 [17%]),
and cemiplimab (n=15 [16%)]). In addition, 23 (25%) patients
received combination regimens with nivolumab and ipilimumab
with or without a multitargeted vascular endothelial growth fac-
tor (VEGF) receptor tyrosine kinase inhibitor. Among 49 patients
with available HPV data, 17 (35%) had evidence of HPV infection
either by immunohistochemistry or HPV testing, whereas among
26 patients with available PD-L1 data, 20 (77%) had a tumor pro-
portion score of 1% or higher. Three patients were living with
HIV. Of 32 patients with available data on microsatellite instabil-
ity, all tumors were microsatellite stable. The median (IQR)
tumor mutation burden among 18 patients with available
genomic data was 9.7 (4-12). Baseline demographics and clinical
characteristics of the overall cohort are shown in Table 1.

Clinical outcomes

Among 92 patients treated with immune checkpoint inhibitors
for advanced penile squamous cell carcinoma, the median over-
all survival was 9.8 months (95% confidence interval [CI]=7.7 to
12.9 months), and the 12-month overall survival rate was 33%,
whereas the median PFS was 3.2 months (95% CI=2.5 to 4.2
months) and the 6-month PFS rate was 25% (Figure 1). Of 85
patients evaluable for response, an objective response rate
occurred in 11 (13%) patients: 2 patients with a complete
response and 9 with a partial response, with a median (IQR) dura-
tion of response of 8.1 (4.7-23.6) months and a maximum dura-
tion of response of 40.9months. In addition, 24 (28%) patients
had stable disease, for an overall disease-control rate of 41%. Of
77 patients who discontinued treatment, the main reasons were
progression or death in 65 of 77 (84%) patients, toxicity in 11
(14%) patients, and patient preference in 2 (2.6%) patients.


https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
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Table 1. Baseline characteristics of patients with penile
squamous cell carcinoma receiving immune checkpoint inhibitor

therapy
Characteristic Total (N=92)
Age at immune checkpoint inhibitor initiation, 62 (53-70)
median (IQR), y
Self-reported race, No. (%)
Asian 8(9.6)
Black or African American 8(9.6)
White 61(73)
Other? 6(7.2)
Unknown® 9
Self-reported ethnicity, No. (%)
Hispanic/Latinx 24 (29)
Non-Hispanic/Non-Latinx 58 (71)
Unknown® 10
Region, No. (%)
North America
South 24 (26)
Northeast 17 (18)
West 11(12)
Midwest 9(9.8)
Europe 29 (32)
Asia 2(2.2)
Smoking status, No. (%)
Never 50 (60)
Current/former 34 (40)
Unknown® 8
Disease extension, No. (%)
Metastatic 83 (90)
Locally advanced 9 (10)
Site of metastases (n=83),° No. (%)
Bone 24 (29)
Liver 10 (12)
Lung 44 (53)
Lymph nodes only 22 (27)
Other visceral 19 (23)
Systemic therapy lines before immune checkpoint
inhibitor initiation, No. (%)
0 18 (20)
1 45 (49)
2 23 (25)
3 4(4.3)
4 2(2.2)
Immune checkpoint inhibitor regimen used,
No. (%)
Pembrolizumab monotherapy 26 (28)
Nivolumab monotherapy 16 (17)
Cemiplimab monotherapy 15 (16)
Nivolumab + ipilimumab + multitarget VEGF 12 (13)
receptor tyrosine kinase inhibitor
Nivolumab —+ ipilimumab 11(12)
Other? 12 (13)
ECOG performance status at immune checkpoint
inhibitor initiation, No. (%)
0 31 (36)
1 44 (51)
>2 11 (13)
Unknown® 6
HPV status, No. (%)
Positive 17 (35)
Negative 32 (65)
Unknown® 43
PD-L1 tumor proportion score, No. (%)
>1% 20 (77)
<1% 6 (23)
Unknown® 66
Concurrent HIV infection, No. (%)
No 89 (97)
Yes 3(3.3)
(continued)

Table 1. (continued)

Characteristic Total (N=92)
Neutrophil/lymphocyte ratio, No. (%)
>5 42 (47)
<5 47 (53)
Unknown® 3

a

The “Other” race group included patients who did not self-identify as Alaska
Native, American Indian, Asian, Black or African American, Native Hawaiian,
Pacific Islander, or White. ECOG = Eastern Cooperative Oncology Group;
IQR =interquartile range; HPV = human papillomavirus; PD-L1 = programmed
cell death 1 ligand 1; VEGF =vascular endothelial growth factor.

b Missing values were not included in the denominator for calculation of
percentage in subgroups.

¢ Sum of sites of metastases is more than 83 because 27 patients had more
than 1 site of metastasis.

Includes 6 patients on retifanlimab monotherapy, 2 patients on
durvalumab + HPV vaccine, 1 patient each on durvalumab and
tremelimumab, lorigerlimab, pembrolizumab + carboplatin + paclitaxel, and
pembrolizumab + cisplatin + docetaxel.

Furthermore, of the 74 patients treated in second-line or later
settings, the median overall survival was 8.3 months (95% CI=7.5
to 12.8 months), and the median PFS was 3.3 months (95% CI=2.2
to 4.7 months). Sixty-eight patients treated in second-line or later
settings were evaluable for response, and the objective response
rate was 13% (n=09), while the disease-control rate was 40%
(n=27). Clinical outcomes were similar among the 18 patients who
received immune checkpoint inhibitors in the first-line setting and
among the 74 patients treated with immune checkpoint inhibitors
in subsequent lines (Table 2; Supplementary Table 2, available
online). The median (IQR) overall survival of patients treated with
immune checkpoint inhibitor monotherapy (n=65) was 9.5 (7.7-
13.0) months, and the median (IQR) PFS was 2.8 (2.1-3.4) months
(Supplementary Figure 1, available online). The objective response
rate was 8.5% (95% CI=2.8% to 18.7%), while the median (IQR)
duration of response was 8.1 (4.7-19.0) months, with a maximum
duration of response of 23.6months. Two patients received the
combination of pembrolizumab and platinum-based chemotherapy
in the first-line setting, and 1 patient achieved a partial response.
Clinical outcomes by treatment regimen are shown in
Supplementary Table 3 (available online). In patients with meta-
static penile squamous cell carcinoma, those with lymph node-
only disease vs visceral and/or bone metastatic disease had a
median overall survival of 11.4 months (95% CI=7.9 months to not
reported) vs 7.7 months (95% CI=6.4 to 12.5 months) (log-rank test;
P=.023), a median PFS of 2.8 months (95% CI=1.9 months to not
reported) vs 3.3 months (95% CI=2.3 to 4.2 months) (log-rank test;
P=.056), and the objective response rate was 35% (7/20) vs 7% (4/
58) (odds ratio=6.77, 95% CI=1.47 to 36.6, P=.056), respectively
(Supplementary Table 4, and Supplementary Figure 2, available
online). There was no statistically significant difference in overall
survival, PFS, or objective responses rate among patients with vs
without bone metastases (n=21 vs n=>55 patients, respectively)
(Supplementary Figure 3, Supplementary Table 4, available online).

Safety profiles

Treatment-related adverse events of any grade occurred in 27
(29%) patients (Table 3). Grade 3 to 4 treatment-related adverse
events were reported in 9 (10%) patients, whereas no grade 5
treatment-related adverse events were reported. The most com-
mon treatment-related adverse events were hepatitis, occurring
in 9 (10%) patients, followed by diarrhea and/or colitis in 8 (8.7%)
and skin and thyroid adverse events in 7 (7.6%) patients each. Of


https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djad155#supplementary-data
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Figure 1. Progression-free survival (A) and overall survival (B) of 92 patients with penile squamous cell carcinoma treated with immune checkpoint

inhibitor (ICI)-based regimens.

Table 2. Clinical outcomes by number of prior lines of systemic therapy®

Overall cohort (N=92)

Immune checkpoint inhibitor in

Immune checkpoint inhibitor in

second or later lines (n =74) the first line (n = 18)

Overall survival, median (95% CI), mo

9.8 (7.7 t012.8)
PFS, median (95% CI), mo

3.2(25t04.2)

Objective response rate, No. (%) 11 (13)

Disease-control rate, No. (%) 35 (41)
Complete response 2(2.4)
Partial response 9(11)
Stable disease 24 (28)
Progressive disease 50 (59)
Not evaluable 7

8.3(7.5t012.8)

11.6 (5.6 to not reported)
33(2.2t04.7)

2.9 (2.1t0 4.9)

9 (13) 2 (12)
27 (40) 8 (47)
2(2.9) 0(0)
7 (10) 2 (12)
18 (26) 6 (35)
41 (60) 9 (53)
6 1

# CI=confidence interval; PFS = progression-free survival.

the 27 patients with treatment-related adverse events, 7 (26%)
required hospitalization, and 7 (26%) required systemic steroids, of
whom 4 received high-dose glucocorticoids (>1 mg/kg). Incidence of
any-grade treatment-related adverse events increased from 21%
(n=14/67) among patients receiving anti-PD-1/PD-L1 monotherapy

(including 2 patients who received chemoimmunotherapy) to 31%
(n=4/13) in those receiving combination immune checkpoint inhib-
itor therapy (anti-PD-1 and anti-CTLA4), and 75% (n=9/12) among
patients receiving the triplet regimen of nivolumab, ipilimumab,
and multitargeted VEGF receptor tyrosine kinase inhibitor. Notably,
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Table 3. Safety profiles of patients with penile squamous cell carcinoma, by regimen type

Overall cohort (N =92) Anti-PD-1/PD-L1? Anti-PD-1 + Anti-PD-1 -+
(n=67) anti-CTLA4 anti-CTLA4 + tyrosine
(n=13) kinase inhibitor
(n=12)
Any Grade Any Grade Any Grade Any Grade
grade 3to4 grade 3to4 grade 3to4 grade 3to4
Treatment-related adverse events, No. (%)
Any event 27 (29) 9(9.8) 14 (21) 4(6.0) 4(31)  2(15) 9 (75) 3(25)
Skin 7(7.6) - 3(4.5) - 2 (15) - 2(17) -
Diarrhea/colitis 8(8.7) 1(1.1) 2(3.0) - - - 6 (50) 1(8.3)
Thyroid 7(7.6) 1(1.1) 1(1.5) - 2(15)  1(7.7) 4 (33) -
Pneumonitis 1(1.1) - 1(1.5) - - - - -
Hepatitis 9(9.8) 4 (4.3) - - 2(15)  2(15) 7 (58) 2(17)
Fatigue 3(3.3) 1(1.1) 2(3.0) - 1(77)  1(7.7) - -
Other 12 (13) 5(5.4) 9 (13) 4 (6.0) 2(15)  1(7.7) 1(8.3) -
Systemic steroids, No. (%) 7(7.6) 4 (6.0) 2(15) 1(8.3)
Discontinued because of toxicity, No. (%) 11(12) 7 (10) 2 (15) 2(17)

® Two patients received concurrent chemotherapy. CTLA4 = 4, cytotoxic T-lymphocyte-associated antigen; PD-1 = programmed cell death 1 protein; PD-L1 =

programmed cell death 1 ligand 1.

7 of 9 (78%) patients with hepatitis and 6 of 8 (75%) patients with
colitis and/or diarrhea received triplet therapy (Table 3).

Prognostic markers of survival outcomes and
response to immune checkpoint inhibitors

On multivariable analysis, ECOG performance status of 1 or
higher (hazard ratio [HR]=2.86, 95% CI=1.54 to 5.31, adjusted
P=.0009), neutrophil/lymphocyte ratio (HR=1.04 95% CI=1.01
to 1.06, adjusted P=.011), and the presence of visceral metasta-
ses (HR=209, 95% CI=1.16 to 3.75, adjusted P=.014)
(Supplementary Figure 4, available online) were associated with
worse overall survival, whereas higher age was associated with
better overall survival (HR=0.97, 95% CI=0.95 to 0.99, adjusted
P=.013) (Supplementary Table 5, available online). For clinical
utility, a neutrophil/lymphocyte ratio cutoff of 5 was determined
based on the median value of that ratio in the cohort and prior
data in other cancer types (43,46,47). Patients with a neutrophil/
lymphocyte ratio below 5 and without visceral metastases had a
statistically significantly longer overall survival of 36.8 months
(95% CI=9.8 months to not reported) than the 5.7 months (95%
CI=3.7 to 13 months) for patients with a ratio of 5 or higher and
concurrent visceral metastases or an overall survival of 9.8
months (95% CI=7.7 to 15 months) for patients with either of the
factors (P<.01) (Figure 2). On multivariable analysis, age
(HR=0.97, 95% CI=0.95 to 0.99, adjusted P=.01), neutrophil/
lymphocyte ratio (HR=1.04, 95% CI=1.00 to 1.08, adjusted
P=.03), ECOG performance status of 1 or higher (HR=2.76, 95%
CI=1.59 to 4.79, adjusted P =.0003), and visceral metastases
(HR=1.63, 95% CI=0.96 to 2.76, adjusted P =.07) were associated
with PFS (Supplementary Figure 5, available online).

We next examined the subset of patients with available HPV
data (17 with HPV-positive penile squamous cell carcinoma vs 32
with HPV-negative penile squamous cell carcinoma). There were
no significant differences in survival outcomes. The median over-
all survival of patients with HPV-positive vs HPV-negative penile
squamous cell carcinoma was 12.5 months (95% CI=7.5 months
to not reported) vs 13.8 months (95% CI=9.8 to not reported)
(P=.72), while the median PFS of HPV-positive vs HPV-negative
penile squamous cell carcinoma was 2.6 months (95% CI=2.1
months to not reported) vs 3.9 months (95% CI=3.2 to 6.9
months) (P=.95) (Supplementary Figure 6, available online).

In an exploratory analysis, we examined clinical and laboratory
variables to identify prognostic markers of response to immune
checkpoint inhibitor treatment. Other than the association between
lymph node-only disease and improved clinical outcomes in
patients with response-evaluable metastatic penile squamous cell
carcinoma (n=76), we found that patients with lung metastases
had a lower objective response rate (2/41 [4.9%]) than those who did
not (objective response rate=9/35 [26%); odds ratio=0.15, 95%
CI=0.01 to 0.82, P=.019). There were no significant differences in
objective response rates by other sites of metastases, HPV status,
PD-L1 positivity, or other clinical characteristics (Supplementary
Table 6, available online).

Discussion

In this international retrospective study, we show that immune
checkpoint inhibitor-based therapies exhibit activity in a subset
of patients with penile squamous cell carcinoma without new
safety signals. Moreover, few patients derive durable clinical ben-
efit from immune checkpoint inhibitors as frontline or subse-
quent therapies.

Penile Cancer Radio- and Immunotherapy Clinical Exploration
Study (PERICLES) is a recent phase 2, single-center trial that
included 32 patients with penile squamous cell carcinoma
treated with atezolizumab with or without radiation; it did not
meet its primary endpoint, with a 1-year PFS of 12% (48). In this
trial, the objective response rate was 16.6%, and HPV status was
not predictive of clinical outcomes. Furthermore, in an ongoing
basket phase 2 clinical trial by the French AcSé prospective pro-
gram, 43 patients with relapsing or refractory penile squamous
cell carcinoma who received nivolumab in the second-line or
later setting were included. In this study, the objective response
rate was 14%, with 2 patients with a complete response and 4
patients with a partial response. In addition, the 12-month over-
all survival rate was 34.5%, and median overall survival was
8.5months (49). In a basket phase 2 clinical trial of nivolumab
and ipilimumab in rare genitourinary tumors, among 5 evaluable
patients with penile squamous cell carcinoma, 2 (40%) had stable
disease (23). In a phase 1 study of cabozantinib, nivolumab, and
ipilimumab, among 3 evaluable patients, 1 had a partial response
and 2 had stable disease (22). Overall, our findings from a larger
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Figure 2. Overall survival by neutrophil/lymphocyte ratio (NLR) and status of visceral metastases. ICI =immune checkpoint inhibitor.

retrospective dataset are consistent with prior preliminary find-
ings from ongoing clinical trials.

Notably, pembrolizumab is approved by the US Food and Drug
Administration for all solid tumors with microsatellite instability
(50,51) or high tumor mutation burden (>10 mutations per mega-
base pair) (52-54). Unfortunately, microsatellite instability is
exceedingly rare in penile squamous cell carcinoma (55), and the
incidence of a tumor mutation burden of 10 mutations per mega-
base pair or higher has been reported to be 10% to 15% (56,57).
The modest prevalence of both tumor-agnostic biomarkers in
patients with penile squamous cell carcinoma may contribute to
the limited activity of immune checkpoint inhibitors observed.

In a retrospective study, 17 patients with stage IV penile squa-
mous cell carcinoma received platinum-based chemotherapy plus
anti-epidermal growth factor receptor and anti-PD-1 immune
checkpoint inhibitor therapy and had 2-year PFS and overall sur-
vival rates of 68.4% and 62.9%, respectively (20). In addition, 47%
(n=28) of the patients experienced grade 3 or higher treatment-
related adverse events. The authors concluded that treatment
combinations, including targeted agents, may exhibit more activ-
ity than chemoimmunotherapy combinations. These efforts have
been advanced for the prospective evaluation of the combination
of paclitaxel, ifosfamide, and cisplatin with nimotuzumab (anti-
epidermal growth factor receptor) and triprilimab (an anti-PD-1
agent) as neoadjuvant therapy for locally advanced penile squa-
mous cell carcinoma (ClinicalTrials.gov ID NCT04475016). It is
crucial to recognize, however, that such combination regimens
are associated with toxicities, and the contribution of individual
components to efficacy is unclear in the absence of randomiza-
tion. Nevertheless, the rarity of this orphan disease likely makes it
infeasible to conduct large phase 2 or 3 randomized clinical trials.
Although in our cohort combination therapy did not appear to
improve clinical outcomes, the modest sample size limits this
observation. Notably, combination therapy regimens demon-
strated higher rates of treatment-related adverse events than
immune checkpoint inhibitor monotherapy regimens.

In our cohort, only 1 in 4 patients with lymph node-only disease
had responses and demonstrated improved clinical outcomes com-
pared with visceral or bone involvement. As such, this cohort of
patients may derive the most benefit. Patients receiving immune
checkpoint inhibitors in the first-line or second-line or later settings

had similar clinical outcomes, in part because of a potential inher-
ent selection bias. It is possible that patients in our cohort who were
treated with immune checkpoint inhibitors in the first-line setting
were ineligible for platinum-based chemotherapy. We eagerly await
the evaluation of immune checkpoint inhibitor treatment in the
first-line setting for advanced penile squamous cell carcinoma and
look forward to the subgroup analysis by metastatic sites. The
ongoing HERCULES (ClinicalTrials.gov ID NCT04224740) (58) and
EPIC (59) trials will investigate immune checkpoint inhibitors in the
first-line setting and assess the impact of the addition of chemo-
therapy to pembrolizumab or cemiplimab for the management of
penile squamous cell carcinoma, respectively. This investigation is
of particular interest because only 2 patients in our study received
chemoimmunotherapy, and only 1 responded to treatment.

Patients with HPV-positive head and neck squamous cell car-
cinoma (33) and cervical cancer (34) tend to have improved clini-
cal outcomes when receiving immune checkpoint inhibitors.
Furthermore, several reports have suggested that patients with
HPV-positive penile squamous cell carcinoma have a more
immunogenic microenvironment, which may translate to better
clinical outcomes than their HPV-negative counterparts, making
immunotherapy a potential focus for penile squamous cell carci-
noma therapy (60,61). Acknowledging the modest sample sizes
and the missing data, we did not observe markedly different
clinical outcomes between patients with HPV-positive and
HPV-negative penile squamous cell carcinoma. Other clinical and
laboratory biomarkers were prognostic markers among patients
with penile squamous cell carcinoma, however, in line with
findings in other cancer types (43,44,46). For instance, neutrophil/
lymphocyte ratio and visceral metastases were associated with
differential clinical outcomes and may be useful tools for clini-
cians as biomarkers for patients likely to derive clinical benefit
from immune checkpoint inhibitors.

Our study was limited by its retrospective nature and potential
selection bias as patients were mostly treated at academic centers
and in countries where immune checkpoint inhibitors are avail-
able. Moreover, most patients treated in our study received
immune checkpoint inhibitor therapy for metastatic penile squa-
mous cell carcinoma in second-line or later settings. Thus, our
study should be carefully interrogated in this context. In addition,
objective response rates were a mixture of objective response
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assessments per RECIST criteria and investigator-based evalua-
tions. Furthermore, the incidence of treatment-related adverse
events may be affected by the treatment of certain patients outside
of clinical trials, treatment discontinuation because of early pro-
gression, or suboptimal capture of events. Furthermore, the bio-
marker findings in this study are exploratory and require further
validation in prospective cohorts. Finally, we did not have sufficient
data to perform robust subanalyses of the association of clinical
outcomes and tumor genomic or transcriptomic studies, PD-L1
immunohistochemistry status, or microsatellite instability status.

The findings of this international GSRGT cohort study of
patients with advanced penile squamous cell carcinoma suggest
that immune checkpoint inhibitor-based therapy is safe and
associated with clinical benefit in a small subset of patients
(objective response rate =13% overall and 8.5% with monother-
apy). Future biomarker-based translational studies are needed to
elucidate our findings further and to benefit patients with penile
squamous cell carcinoma receiving immune checkpoint inhibitor
therapy. Given that penile squamous cell carcinoma is an orphan
disease with suboptimal systemic therapy options and formida-
ble challenges in trial accrual, a paradigm of high-quality, real-
world studies to investigate the activity of new agents should be
considered to make therapeutic advances.
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