C cCurrent Oncology

Review

Evidence-Based Recommendations on the Use of
Immunotherapies and Monoclonal Antibodies in the Treatment
of Male Reproductive Cancers

Farhan Khalid !, Zubair Hassan Bodla 2*(7, Sai Rakshith Gaddameedi !, Raymart Macasaet !, Karan Yagnik ',
Zahra Niaz 3, Peter N. Fish !, Doantrang Du ! and Shazia Shah !

check for

updates
Received: 24 March 2024
Revised: 14 November 2024
Accepted: 6 February 2025
Published: 14 February 2025

Citation: Khalid, F,; Bodla, Z.H.;
Gaddameedi, S.R.; Macasaet, R.;

Yagnik, K.; Niaz, Z.; Fish, PN.; Du, D.;

Shah, S. Evidence-Based
Recommendations on the Use of
Immunotherapies and Monoclonal
Antibodies in the Treatment of Male
Reproductive Cancers. Curr. Oncol.
2025, 32, 108. https://doi.org/
10.3390/ curroncol32020108

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

1 Department of Internal Medicine, Monmouth Medical Center, Long Branch, NJ 07740, USA;
sai.gaddameedi@rwijbh.org (S.R.G.); karanj.yagnik@rwijbh.org (K.Y.)

Department of Internal medicine, Graduate Medical Education, College of Medicine, University of Central
Florida, Orlando, FL 32827, USA

3 Department of Medicine, Al-Aleem Medical College, Lahore 54000, Pakistan

*  Correspondence: zubairhassan.bodla@ucf.edu

Abstract: The incidence of male reproductive cancers, including prostate, testicular, and
penile cancers, has risen in recent years, raising important health concerns. Prostate
cancer is the second leading cause of cancer-related mortality in men, while penile cancer,
though rare, typically affects men over 60. Testicular cancer, with a lifetime risk of about
0.4% in men, is most common among adolescents and young adults, decreasing sharply
after the age of 40. Traditional treatments include chemotherapy, radiation, surgery, and
combinations thereof, but advancements in immunotherapy and monoclonal antibodies
are showing promising results, particularly for genitourinary cancers. These therapies,
targeting immune checkpoints and tumor-specific antigens, are gaining traction as effective
alternatives for resistant cases. This review provides evidence-based recommendations
on current and emerging immunotherapy and monoclonal antibody treatments for male
reproductive cancers, highlighting future directions to optimize patient outcomes.

Keywords: genitourinary carcinomas; monoclonal antibodies; treatment modalities;
immunotherapy; prostate cancer; male reproductive tract cancers

1. Introduction

Genital cancers or reproductive tract cancers in male encompass tumors of the prostate,
testes, and penis. Overall, prostate cancer is the second most common cancer in males after
skin cancers, and, furthermore, the incidence rate of prostate cancer has increased by 3%
per year since 2014, as per the latest American Cancer Society (ACS, 2023) statistics. On the
other hand, penile cancer is one of the rarer cancers in the USA, with the incidence being as
low as less than 1 in 100,000 population as per the cancer facts and figures report, 2023, by
the American Cancer Society. Nearly all testicular tumors are germ-cell tumors, and are
more common in adolescent and young males, but incidence declines rapidly after the age
of 40 [1]. Traditional approaches like surgery, chemotherapy, and radiation have certain
limitations, forcing us to explore new and innovative treatments such as immunotherapy.
Immunotherapy, which leverages the body’s immune system and targets and combats
cancer cells, has emerged as a promising avenue for improved outcomes and reduced
side-effects in the realm of male genital cancers.

Immune checkpoint and cancer-testis antigens (CTAs) are sensible targets for immune
therapy [2,3]. The current checkpoint inhibitors target PD-1 and CTLA-4, two immune
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checkpoints, with good clinical efficacy. Activated T-cells express PD-1 and its ligand,
PD-L1, which modulates T-call activity to inhibit the immune response. When expressed
by activated T cells, CTLA-4, an immunoglobulin, downregulates immune response by
binding to B7. These therapies had a 20% objective response rate and a 1-year response
durability [4-6]. Recent developments in anti-cancer therapy have seen the employment of
CTA-focused antibodies, vaccines, and chimeric antigen receptor-modified T cells (CAR-T),
which have shown encouraging results in preclinical studies and initial clinical trials [3].

Monoclonal antibodies target these immune checkpoints, PD-1, PDL-1, and CTLA-4,
and target cancer cells by upregulating T-cells [7-9]. Moreover, monoclonal antibodies
(mAB) therapy continues to evolve, and new discoveries in these areas of cancer therapy
show promise for the future.

1.1. Prostate Cancer
1.1.1. Introduction and Overview of Prostate Cancer

The second leading cause of death from cancer in men is prostate cancer, which is the
most prevalent noncutaneous cancer in men in the United States [10].

1.1.2. Epidemiology of Prostate Cancer

The prostate cancer incidence was 268,490 in 2022, and the 5-year relative survival
was 96.8%. However, the 5-year relative survival for those with distant metastases fell
precipitously to 32.3% [11]. Although prostate cancer treatment methods have advanced
greatly in recent years, patients with metastatic castration-resistant prostate cancer (mCRPC)
still have a dismal prognosis [12].

1.1.3. Etiology and Risk Factors

In contrast to other frequent tumors, prostate cancer etiology is still a mystery. Some
established risk factors for prostate cancer include advanced age, a positive family his-
tory, prostate inflammation, obesity, a lack of activity, ethnicity, and persistently high
testosterone levels.

1.2. Treatment Modalities for Prostate Cancer
1.2.1. Localized Prostate Cancer

Active surveillance, radical prostatectomy, external radiation, and brachytherapy
are the main treatments used to manage localized prostate cancer. However, there is
evidence of biochemical malignancy recurrence seen after ten years of initial treatment in
roughly 30-50% of patients who received radiation or in 20-40% of patients who underwent
prostatectomy [13,14].

1.2.2. Androgen Deprivation Therapy (ADT)

Since prostate cancer is an androgen-dependent cancer, the majority of first-line treat-
ments concentrate on suppressing androgen synthesis and the androgen receptor (AR)
signaling axis [15]. Androgen deprivation therapy (ADT) paired with an additional therapy,
such as an AR-signaling inhibitor (ARSI) or chemotherapy, is the first-line treatment for
metastatic prostate cancer [16]. Castration-resistant prostate cancer is a disease condition
marked by eventual resistance, despite the fact that ADT is extremely effective in the
majority of patients (Castration-resistant prostate cancer (CRPC)).

1.2.3. Advances in Systemic Therapies for CRPC

Patients with CRPC now have better overall survival (OS) thanks to the expansion of
systemic medicines that target PC outside of the AR-signaling axis throughout the past ten
years of study [10,17-19].
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1.3. Immunotherapy in Prostate Cancer
1.3.1. Introduction to Immunotherapy

Immunotherapy, a therapeutic approach with several Food and Drug Administration
(FDA) approvals in recent years, shows promise for a range of tumor types.

1.3.2. Immune Checkpoint Inhibitors (IClIs)

Some of the immunotherapies like immune checkpoint inhibitors (ICIs) target the
proteins programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) and cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4), and have completely changed the way
that genitourinary malignancies like renal cell carcinoma and urothelial carcinoma are
treated [12]. Immunotherapy played a major role in these advancements of treatment
in prostate cancer. Some of the newer immunotherapy treatments for prostate cancers
are Sipuleucel T immunotherapy and immune checkpoint inhibitors like Pembrolizumab,
Nivolumab, ipulimumab, atezolizumab, CAR-T cell therapy, and BITE-T Cell therapy.
Below, we discuss the recent advancements in the field of immunotherapy in regard to
prostate cancer management and their clinical trials.

1.3.3. Specific Inmunotherapies for Prostate Cancer
Sipuleucel-T Immunotherapy

Sipuleucel-T (sip-T), an anti-prostatic acid phosphatase therapeutic autologous cellular
vaccination, is the only immunotherapy FDA-approved to date for metastatic castration-
resistant prostate cancer (mCRPC) (Prostatic acid phosphatase (PAP)). Sip-T is formed
through the ex vivo cultivation of patients’ peripheral blood mononuclear cells (PBMC)
using a fusion protein of human recombinant PAP and granulocyte-macrophage colony-
stimulating factor (GM-CSEF), which is known as PA2024, which leads to the activation of
cells that present antigens. Then, over the course of three doses, the patients receive the
activated cellular product again [20].

1.4. Clinical Trials and Evidence for Sipuleucel-T
1.4.1. Overview of Sipuleucel-T Trials

In one study with 127 participants having metastatic castration-resistant prostate
cancer, conducted as a randomized, placebo-controlled trial, there was a 41% decrease in
mortality risk among the patients treated with sipuleucel-T compared to the placebo group
(with a hazard ratio of 0.59 for the sipuleucel-T group; 95% confidence interval [CI] ranging
from 0.39 to 0.88; p = 0.01). In another study, also randomized and placebo-controlled,
indicated a possible improvement in survival rates for those patients who are treated with
sipuleucel-T, though the results did not reach statistical significance. None of these studies
demonstrated a marked impact on delaying the progression of the disease, which was the
main goal of both trials [10,21].

1.4.2. Phase III Trials

Phase III trials are pivotal studies designed to evaluate the safety and efficacy of a
treatment in a larger patient population. The following section highlights key Phase III
trials conducted to assess the effectiveness of sipuleucel-T in metastatic prostate cancer.

D9901 Trial

In the D9901 trial, 127 patients with metastatic, asymptomatic prostate cancer were
randomized in a 2:1 ratio to receive either sipuleucel-T (82 patients) or a placebo (45 patients)
in three bi-weekly infusions. Patients on placebo could later receive APC8015F if their
disease progressed. Over a 36-month follow-up, median time to disease progression (TTP)
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was slightly longer with sipuleucel-T (11.7 weeks vs. 10.0 weeks; p = 0.052), but this result
was not statistically significant. However, sipuleucel-T significantly improved median
survival (25.9 vs. 21.4 months; p = 0.01). T-cell stimulation in sipuleucel-T recipients
increased eightfold by week 8, suggesting a potential survival benefit for asymptomatic
prostate cancer patients [21].

D9902A Trial

Enrollment in D9902A was suspended after 98 patients were randomly assigned to
receive sipuleucel-T (1 = 65) or a placebo (n = 33) at 27 clinical research locations across
the United States between May 2000 and March 2003. The time to disease progression
was not statistically different across the therapy groups, despite the HR favoring the
sipuleucel-T arm (HR, 1.09; 95% confidence interval [CI], 0.69-1.70; p = 0.72). Compared to
placebo, sipuleucel-T reduced the risk of death by 21%; however, this difference was not
statistically significant (HR, 1.27; 95% CI, 0.78-2.07; p = 0.33). Less well-balanced baseline
prognostic variables existed in D9902A compared to D9901. The survival treatment effect
in D9902A was comparable to that seen in D9901 after adjusting for baseline prognostic
variables [22,23].

Combined Analysis of D9901 and D9902A

The combined analysis of the D9901 and D9902A phase 3 trials, both randomized,
double-blind, and placebo-controlled, evaluated sipuleucel-T in advanced prostate cancer
patients. Out of 225 participants, 147 received sipuleucel-T in three bi-weekly infusions,
while 78 received a placebo. Over a follow-up period of up to 36 months, sipuleucel-T
treatment reduced the risk of death by 33% (hazard ratio, 1.50; 95% CI, 1.10-2.05; p = 0.011).
Additionally, there was a non-significant 21% reduction in disease progression. Although
sipuleucel-T extended survival, it did not significantly impact the time to disease progres-
sion, prompting the subsequent IMPACT trial to further assess overall survival benefits [23].

IMPACT Trial (D9902B)

In a phase 3, double-blind, placebo-controlled trial of 512 men with metastatic
castration-resistant prostate cancer, the participants were randomly assigned to receive
either sipuleucel-T or a placebo in a 2:1 ratio. Sipuleucel-T was administered in three
intravenous infusions at two-week intervals, aiming to improve overall survival. The
results indicated a 22% reduction in the risk of death for the sipuleucel-T group, with a
median survival increase of 4.1 months (25.8 vs. 21.7 months for placebo), and a higher
36-month survival probability (31.7% vs. 23.0%). Although adverse events such as chills,
fever, and headache were more common in the sipuleucel-T group, the therapy successfully
extended overall survival without altering disease progression rates. Supporting phase 1
and 2 studies also showed decreased PSA levels, confirming sipuleucel-T’s immunologic
and therapeutic benefits.

1.4.3. Phase I and II Studies

The study was designed to evaluate safety, dosage, and immune response. Transient
symptoms such as fever, chills, muscle pain, discomfort, tiredness, urgent need for urination,
urinary incontinence, and frequent nighttime urination were observed. They were able to
reveal a decrease in PSA levels after sipuleucel-T. T cells drawn from patients after infusion
with sipuleucel-T could be stimulated by GM-CSF in vitro, unlike placebo [23].
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1.5. Immune Checkpoint Inhibitors in Prostate Cancer
1.5.1. Pembrolizumab

Pembrolizumab, the only FDA-approved immune checkpoint inhibitor (ICI) for
prostate cancer, targets PD-1 but is specifically approved for metastatic castration-resistant
prostate cancer (mCRPC) patients with high microsatellite instability (MSI-H), deficient
mismatch repair (AMMR), or a tumor mutational burden (TMB) of at least 10 mutations per
megabase, particularly as a subsequent treatment after docetaxel and hormonal therapy
failure. The phase II KEYNOTE-158 study found a clinical benefit in patients with MSI-H
and dMMR tumors, demonstrating significant responses in those with TMB of 10 mut/Mb
(20 of 102 patients and 43 of 688 patients, respectively) [24,25].

Another study with anti-PD1 therapy in 65 patients with AMMR mCRPC showed a
median progression-free survival (PFS) of 24 weeks, with a 65% PSAS50 response rate [26].

In an additional trial, pembrolizumab was administered to 258 mCRPC patients,
with results indicating modest responses in PSA and objective response rates for those on
monotherapy; however, the cohort receiving both enzalutamide and pembrolizumab had a
higher overall response rate (ORR) compared to monotherapy alone, suggesting enhanced
effectiveness in combination therapy [27].

1.5.2. Ipilimumab

In two sizable phase III trials, both chemotherapy-naive and docetaxel-pretreated
mCRPC patients received ipilimumab monotherapy. Ipilimumab prolonged PFS and PSA
in the group of patients with mCRPC, even though there was no discernible difference
between the ipilimumab group and the placebo group in terms of overall survival in the
primary analysis [28,29].

1.5.3. Atezolizumab and Nivolumab

Atezolizumab demonstrated a minimal PSA response rate of 8.6% in a phase 1 study
that looked at its use in 35 mCRPC patients who had progressed on sipuleucel-T or enzalu-
tamide [30]. Combination with enzalutamide was studied in the IMbassador250 trial which
did not meet the primary end points.

Patients with melanoma, non-small-cell lung cancer, mCRPC, renal cell carcinoma, and
colorectal carcinoma were enrolled in a phase 1 trial that examined nivolumab. However,
nivolumab monotherapy did not produce any objective responses in the patient population
with prostate cancer [9].

1.5.4. Combination Therapies

The phase III IMbassador250 study compared atezolizumab plus enzalutamide to
enzalutamide alone in 759 patients with mCRPC who had progressed on abiraterone and
were ineligible for taxane-based therapy. The study did not achieve its primary endpoint
of improved overall survival for the combination therapy group [31]. Similarly, the phase
III KEYNOTE-641 trial, which evaluated pembrolizumab combined with enzalutamide
and androgen deprivation therapy (ADT) in mCRPC patients, was halted early due to
lack of improvement in radiographic progression-free survival (rPFS) and overall survival
(OS) [32]. In the phase II CheckMate 9KD trial, nivolumab and docetaxel were administered
to 41 mCRPC patients receiving continuous ADT, resulting in a PSA response of 46.3% and
an overall response rate (ORR) of 36.8% in patients with detectable illness. This has led to
further exploration of immunotherapy’s role alongside docetaxel in the ongoing phase III
CheckMate 7DX trial [33].

Additional combination therapies have been tested, such as pembrolizumab with
docetaxel and prednisone in chemotherapy-naive mCRPC patients, showing a 28% PSA
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response rate and an 18% ORR in cohort B of the KEYNOTE-365 trial [34]. However, in the
phase III KEYNOTE-921 trial of pembrolizumab, docetaxel, and prednisone, the primary
rPFS and OS endpoints were not met [35]. Dual immune checkpoint blockade was also
investigated in the phase II CheckMate 650 trial, where ipilimumab and nivolumab showed
clinical activity in mCRPC patients, especially those with high tumor mutational burden
(TMB), though treatment was stopped due to early toxicity [36]. Recent ASCO GU 2023
findings on ipilimumab and nivolumab, as well as ipilimumab with cabazitaxel, showed
that some patients achieved a significant reduction in tumor size and PSA (75-100%),
underscoring the potential for continued exploration in carefully selected patients [37]
(Table 1).

Table 1. Combination therapies for prostate cancer management [24].

Serial Number Study Management Result
Atezolizumab in combination Did not achieve the primary
Phase III . ; . .
1 . with Enzalutamide versus endpoint of increased overall
IMbassador250 trial . .
Enzalutamide treatment alone survival.
Pembrolizumab combined with
enzalutamide and androgen After an interim investigation
5 Phase III deprivation therapy (ADT) in revealed no im rovementgin PFS
KEYNOTE-641 trial metastatic castration-resistant P
or OS, ceased.
prostate cancer (mCRPC)
patients.
- . The PSA response was
Phase II CheckMate Utility of nivolumab a nd 46.3 percent, but the ORR in
3 . docetaxel on ADT in . . :
9KD trial : . patients with detectable illness
chemo-naive mCRPC patients
was 36.8 percent.
Combination therapy with Among the 104 patients who
KEYNOTE-365 trial Pembrolizumab Plus Dpcetaxel received treatment, a PSA0
4 (cohort B) and Prednisone in response was observed in 28% of
chemotherapy-naive mCRPC the cases, accompanied by an
patients overall response rate of 18%.
Pembrolizumab and Docetaxel
5 Phase III and Prednisone in Primary endpoints of rPFS and
KEYNOTE-921 trial chemotherapy-naive mCRPC OS were not met.
patients
Significance of ipilimumab and
6 Phase Il CheckMate  nivolumab in mCRPC patients Treatment discontinuation
650 trial previously undergoing occurred due to early toxicity.

docetaxel treatment.

1.6. Advanced Cellular Therapies in Prostate Cancer
1.6.1. Chimeric Antigen Receptor (CAR) T-Cell Therapy

The therapeutic approach involving chimeric antigen receptor-modified T cells (CAR-
T) has shown great success in treating blood cancers and holds great promise for application
in future cancer care. These chimeric antigen receptors (CARs) are specifically engineered
cell receptors designed to enable lymphocytes (primarily T cells) to detect and destroy
cancer cells that display relevant antigens, following the deliberate introduction of specific
tumor-associated antigens (TAAs) [38].
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1.6.2. PSMA-Targeted CAR T-Cell Therapy

Currently identified tumor-associated antigens (TAAs) for prostate cancer (PCa) in-
clude prostate acid phosphatase (PAP), transient receptor potential (Trp)-p8, prostate-
specific membrane antigen (PSMA), prostate stem cell antigen (PSCA), and prostate-specific
antigen (PSA) [39].

Prostate-specific membrane antigen (PSMA) is one of the significant prostate-specific
markers. Two studies, Zuccolotto et al. and Wang et al., have found considerable success in
using CART-T cell therapies in mice. Tumor eradication was seen in the mice [40,41].

Treatment of mCRPC and evaluation of CAR-Ts with dominant-negative TGF[{3 re-
ceptors were performed in a phase I clinical study (NCT03089203) of PSMA-targeting
TGFp-insensitive armored CAR-Ts. These results confirmed their safety and feasibil-
ity [42]. P-PSMA-101 was used in the highly anticipated open-label, multicenter, 3 + 3
dose-escalating phase I trial, which has been reported. Circulating tumor cells (CTCs)
have decreased concurrently with its use, and a post-treatment tumor biopsy showed
P-PSMA-101 CAR T-cell infiltration and a confirmed pathologic full response [43].

Recently, several clinical trials of PSMA-targeted CAR-T immunotherapies have been
conducted. Some of the PSMA CART cell clinical trials currently on going are as below
Table 2.

Table 2. PSMA CART cell clinical trials.

Sr. No PSMA CART Cell Clinical Trials
NCT04227275 CART-PSMA-TGFBRDN
NCT01140373 Autologous anti-PSMA CAR T-cells
NCT03089203 CART-PSMA-TGFRDN
NCT04249947 P-PSMA-101 CAR T-cells
NCT04429451 4SCAR-PSMA T-cells
NCT04633148 UniCARO02 T-cells (TMpPSMA) 39
NCT04768608 non-viral PD1 integrated anti-PSMA chimeric

SNSRI N N

7 antigen receptor T-cells

8. NCT03692663 Anti-PSMA CAR NK cell (TABP EIC) 9
9. NCT05354375 PSMA-targeted CAR T-cells

10. NCT05656573 CART-PSMA cells

1.6.3. Prostate Stem Cell Antigen (PSCA) Targeted CAR T-Cell Therapy

One of the most well-known prostate-specific markers is PSCA, a tiny glycoprotein of
123 amino acids that is a member of the Thy-1/Ly-6 family of glycosylphosphatidylinositol
(GPI)-anchored cell surface antigens. Because of its prostate-specific characteristics, PSCA
is crucial in PCa immunotherapy. It increases with tumor staging, is overexpressed in
the majority of prostate cancers, and is substantially expressed in prostate cancer bone
metastases [30]. Priceman et al. created two types of PSCA-CAR, CD28-PSCA-CAR and
4-1BB-PSCA-CAR. Both these PSCA-CARs have robust in vivo antitumor activity in patient-
derived bone-metastatic prostate cancer xenograft models, but 4-1BB showed better control
of disease in comparison to CD28 [44]. Currently, NCT03873805 PSCA-CAR-T I, March
13, 2019, with the estimated completion year of 2023, is an ongoing clinical trial regarding
PSCA CART therapy.
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1.6.4. Prostate-Specific Antigen (PSA) and Other TAAs

PSA is a kallikrein-like serine protease that is almost exclusively expressed by prostate
epithelial cells and secreted into the seminal fluid to trigger particular T-cell reactions [45].
The preferred target for CAR-T treatment is PSA because of its prostate-specificity. But PSA
is also increased in malignancies other than prostate cancer. PSA precursor (also known
as proPSA) and its derivatives have the potential to be used as new CAR-T targets for
prostate cancer because it has been demonstrated that they can identify prostate cancer
from non-cancer more effectively [46].

Prostatic Acid Phosphatase (PAP), Epithelial Cell Adhesion Molecule (EpCAM), and
Transient Receptor Potential (Trp-p8) are other TAAs that are currently being studied
which have the potential to become new CAR-T targets for prostate cancer. Currently,
NCT03013712 EpCAM -CAR I/11, 6 January 2017, is an ongoing clinical trial regarding
EpCAM CART therapy [38].

1.7. Bispecific T-Cell Engager (BiTE) Therapy
1.7.1. Overview and Mechanism of BiTE Therapy

The immunotherapy known as bispecific T-cell engager (BiTE) is an alternate method
for T-cell re-routing in solid tumor malignancies. Select hematologic malignancies have
benefitted significantly from this treatment class, and BiTE constructs are currently the
subject of ongoing research for metastatic prostate cancer.

BiTE immunotherapies are separate antibody constructions that include two different
epitopes, one of which has affinity for TAAs and the other for CD3C on T cells. An
immunological synapse may form on the surface of tumor cells as a result of the BiTE
molecule acting as a physiologic link between the tumor cell and the effector T-cell [47].

1.7.2. Key Clinical Trials and Outcomes

Patients with advanced CRPC underwent a further phase I, open-label, dose-escalation
study of pasotuxizumab to observe responses to PSA and other modalities. For treatment
with subcutaneous and intravenous pasotuxizumab, the research involved 31 and 16 pa-
tients, respectively. In the cIV group, the PSA decreased over the course of the study’s
treatment in 14 out of 16 individuals. According to exploratory research, cIV therapy also
resulted in a dose-dependent decrease in detectable circulating tumor cells [48].

1.8. Summary and Future Directions in Immunotherapy for Prostate Cancer

Recent advancements in immunotherapy for prostate cancer, particularly for metastatic
castration-resistant prostate cancer (mCRPC), highlight promising treatment options like
Sipuleucel-T and checkpoint inhibitors, though response rates are generally modest. Com-
bination therapies and emerging approaches such as CAR T-cell and BiTE therapies show
potential but require further study for efficacy and safety. Future research should focus
on optimizing combination therapies, identifying responsive patient profiles, and refining
CAR T-cell and BiTE protocols to overcome tumor microenvironment challenges. Despite
hurdles, including limited response rates and toxicity, ongoing clinical trials and technologi-
cal advancements offer opportunities for more personalized and effective immunotherapies,
which could ultimately improve outcomes for prostate cancer patients.

2. Penile Cancer
2.1. Overview of Penile Cancer

Penile cancer is a rare malignancy diagnosed typically in men over the age of 60 [49].
Although rare, it remains to be an important problem in developing nations [50]. Diagnosis
can be established histologically via punch, excisional, or incisional biopsy. Squamous cell
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carcinoma (SCC) is the most common histological type [51]. The etiology of penile cancer
is still unclear, but it is associated with human papilloma virus (HPV) subtypes 16 and 18
and a chronic inflammatory state of the foreskin and glans [50,52].

2.2. Current and Emerging Therapeutic Approaches

Due to poor response to first-line platinum-based chemotherapy, novel therapeutic
approaches have been developed for managing penile cancer. Included in these new
approaches are targeted therapy, immunotherapy, and adoptive T-cell therapy.

2.2.1. Targeted Therapy

Epidermal growth factor receptor (EGFR) is highly expressed in SCC and has been
targeted for therapy in penile cancer [53,54].

Anti-EGFR Agents

Several studies investigated Cetuximab, Panitumumab, and Nimotuzumab and have
shown good results.

e Cetuximab

In a study by Vermorken et al., Cetuximab alone was given as a treatment for 103 pa-
tients who progressed after a platinum-based regimen. It showed a 13% response rate, a
disease control rate of 46%, and a median survival of 178 days. Cetuximab can also enhance
the outcome of platinum-based therapy, and it showed an improved response rate when
used alone or in a regimen with taxane in retrospective review studies [54-56]. In a study
by Carthon et al., cetuximab or cetuximab with platinum-based regimens showed an odds
risk ratio (ORR) of 23.5%, 3.2 months median time-to-progression (TTP), and 9.8 months
overall survival (OS) [55]. A case report showed cetuximab combined with anlotinib, a
tyrosine kinase inhibitor (TKI), may be considered for relapsed penile SCC [57]. A few case
reports also showed clinical benefits with cetuximab and chemotherapy in locally advanced
penile SCC, and cetuximab 800 mg with chemotherapy and radiotherapy in one recurrent
penile SCC [58,59].

e Panitumumab

Panitumumab is another anti-EGFR that has been studied for treatment of penile
SCC [49]. In a study by Necchi et al., 11 patients who received at least one cisplatin-
containing chemotherapy for metastatic or unresectable penile SCC were treated with Pani-
tumumab, and they had 9.5 median OS (interquartile range [IQR] 4.9-12.6) and 1.9 months’
progression-free survival (IQR 0.9—3.0 months) [54]. A case report by Brown et al. also
showed improvements in patients who were refractory to a platinum-based regimen [60].

e Nimotuzumab and Dacomitinib

The anti-EGFR monoclonal antibody Nimotuzumab also showed a partial response
in a case report when combined with cisplatin-based chemotherapy [61]. Necchi et al.
studied dacomitinib, a TKI that inhibits EGFR, HER1, HER2, and HER4, in the treatment of
28 chemo-naive patients with advanced penile SCC with CN2-3 or M1 disease [54]. Patients
were able to tolerate treatment with 12-month OS of 54.9% and PFS of 26.2%. The 12-month
OS in the locally advanced group was 64%. Complete response was seen in one patient and
partial response was seen in eight patients (ORR 32.1%). To date, there is limited research
on therapies targeting the EGFR signaling pathway [62].

2.2.2. Immunotherapy

Programmed cell death 1 (PD-1) and programmed cell death ligand 1 (PD-L1) have
also been studied in treating penile cancer. They are immune checkpoints but there is little
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information about PD-L1 signaling pathways in cancer cell expression [63,64]. PD-L1 is
expressed by 32.1% to 51.4% of penile cancer cells and 62.4% of tumor immune infiltrating
cells, and it was associated with poor survival [65,66]. In a study by Udager et al., PD-L1
expression was positively correlated with decreased cancer-specific survival and regional
lymph node metastasis [67].

PD-1 and PD-L1 Inhibitors
Pembrolizumab is an antibody that blocks interaction of PD-1 with PD-L1 [68].

e Pembrolizumab

A case report by Chahoud et al. showed significant clinical benefit in two patients with
chemotherapy refractory metastatic penile SCC [69]. The combination of pembrolizumab
with stereotactic body radiation therapy in a case of recurrent metastatic penile SCC
also showed a durable treatment response [70]. Three patients who progressed after
treatment with paclitaxel, ifosfamide, and cisplatin were given pembrolizumab, and one
of the three showed a partial response [71]. A clinical trial (NCT04357873) is currently
being undertaken that uses Pembrolizumab and Vorinostat in the treatment of progressive
advanced mucosal penile cancers. Pembrolizumab with the biological drug XmAb—422841
is being investigated in a clinical trial (NCT03849469) that has been recently completed.

e  Durvalumab

Durvalumab is a PD-L1 inhibitor that has been used in a patient with penile SCC
with locally advanced anal SCC. Durvalumab 240 mg together with chemotherapy showed
a potential role of this drug in converting an unresectable disease to a curable one [72].
Durvalumab with DNA Plasmid-encoding Interleukin-12/HPV DNA Plasmids Therapeutic
Vaccine INO-3112 is currently being used to check for the effectiveness of treatment in
patients with stage IV penile cancer (NCT03439085).

e  Atezolizumab

Atezolizumab, a PD-L1 inhibitor, was administered for two years in a patient with
metastatic penile cancer who showed a near complete response after prior chemoradi-
ation despite treatment discontinuation due to toxicity [73]. Clinical trials are ongo-
ing to investigate PD-L1 inhibitors alone or in combination therapies, including Ate-
zolizumab with Bevacizumab (NCT03074513), M7824-based combinations targeting TGFB1
and HPV-associated malignancies (NCT04287868), and Avelumab in platinum-resistant
cases (NCT03391479). Additionally, studies are examining novel PD-L1-targeting drugs
like INCB099318 (NCT04272034) and anti-PD-L1 monoclonal antibody injections (LDP)
(NCT04718584) for efficacy and safety in advanced penile carcinoma.

e Nivolumab

Nivolumab is a T-cell immune checkpoint PD-1 inhibitor that has been shown to have
a partial response in a patient with metastatic penile SCC [74]. Two active clinical trials
(NCT03333616 and NCT02834013) are currently studying nivolumab with ipilimumab in
patients with penile cancers.

e Tislelzimumab

Tislelzimumab is another humanized IgG4 anti-PD-1 monoclonal antibody that has
shown potential for treating unresectable locally advanced penile SCC when combined
with chemotherapy [75]. Tislelzimumab 200 mg, when combined with chemotherapy,
showed promising results in a patient with postoperative recurrent penile SCC [76].

e  Cemiplimab
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PD-1 inhibitor Cemiplimab 350 mg was given to a patient with metastatic penile SCC.
The patient previously received chemotherapy and radiotherapy and became disease-free
despite the withdrawing of treatment due to SARS-CoV-2 pneumonitis.

e  Sintilimab

Sintilimab is another immune checkpoint inhibitor of PD-1 with excellent treatment
response in patients with penile SCC. In a study by Mei et al., two patients with ad-
vanced penile squamous cell carcinoma showed a complete response after two years of
chemotherapy with sintilimab 200 mg [77]. Another case of a patient with recurrent penile
cancer where a sintilimab injection was given with surgery-assisted chemotherapy also
showed complete remission after four cycles of combined therapy [78]. In addition, a
partial response without significant side effects was seen in a patient with metastatic poorly
differentiated penile SCC who was treated with sintilimab with chemotherapy [79].

o  Toripalimab

Toripalimab 240 mg, anti-PD-1, showed a partial response in a patient with recurrent
metastatic penile SCC with PD-L1 expression [80].

e  FErlotinib and Geftinib

The tyrosine kinase inhibitor Erlotinib was given to four patients with advanced penile
SCC, and Geftinib to one patient with advanced penile SCC, in a small subset study by
Carthon et al. The patients were able to tolerate treatment with promising efficacy [55].

e  Sunitinib and Sorafenib

Sunitinib and Sorafenib are tyrosine kinase inhibitors that target VEGFR [81]. In a
feasibility case series by Zhu et al., six patients with penile cancer received sorafenib or
sunitinib after failing chemotherapy, and one had a partial response while four patients
had stable disease [50]. Three of six patients showed a quality of life improvement and
pain response.

e  Entinostat and Bintrafusp Alfa

Entinostat, a histone deacetylase inhibitor, in combination with NHS-IL12, an immuno-
cytokine which targets IL12, and Bintrafusp Alfa is currently being investigated in a phase
I/1I study (NCT04708470).

2.3. Combination Therapy Approaches

Combining immunotherapy has also shown promising results.

2.3.1. Ipilimumab and Nivolumab

Ipilimumab and Nivolumab administered in a patient refractory to a chemotherapy
regimen showed a good response [82].

2.3.2. Cabozantinib and Immune Checkpoint Inhibitors

Cabozantinib, an oral TKI that inhibits anti-c-Met, VEGFR2, AXL, and RET, in combi-
nation with nivolumab and ipilimumab showed a partial response in two of three patients
with advanced penile SCC [83]. Meanwhile, a Phase I trial by Nadal et al. showed two of
four patients with advanced penile SCC having a partial response [84].

2.3.3. Ongoing Clinical Trials

NCT02496208 is a clinical trial that is currently active which investigates a combination
of Cabozantinib S-malate and Nivolumab with or without Ipilimumab in treating patients
with metastatic penile cancers. Another clinical trial (NCT03866382) is also testing the
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effectiveness of nivolumab and ipilimumab with cabozantinib in patients with metastatic
penile cancer.

2.4. Adoptive T-Cell Therapy in Penile Cancer

Adoptive T-cell therapy or cellular immunotherapy is an emerging penile cancer
treatment that uses tumor-infiltrating lymphocytes in treating cancer [49].

2.4.1. Overview of Adoptive T-Cell Therapy

This treatment expands the patient’s naturally occurring T cells ex vivo and infuses
them back to target cancer cells [85]. To date, only one study published in 2021 evaluated
its efficacy in a patient with metastatic SCC to the penis who received prior platinum-based
therapy. The study by Doran et al. used genetically engineered T-cells against HPV16 E6,
and the results support an adoptive T-cell approach in inducing regression in epithelial
cancers, but continued investigation is warranted [86].

2.4.2. Clinical Trials in Adoptive T-Cell Therapy

Currently, there are multiple clinical trials being performed that investigate adoptive
T-cell therapy. NCT05686226 is another clinical trial investigating T-cell immunotherapy
for HPV-related penile SCC. A basket study (NCT05973487) is about to begin which will
investigate on T cell therapy in patients with locally advanced (unresectable) HPV-related
penile cancer. Two clinical trials (NCT01585428 and NCT02280811) have been recently
completed that study the effect of immunotherapy using T-cells in patients with metastatic
HPV-associated penile cancer.

3. Testicular Cancer
3.1. Introduction to Testicular Cancer

Penile cancer is a rare malignancy primarily affecting men over the age of 60, with
a higher prevalence in developing countries. It is often diagnosed through histological
examination, with squamous cell carcinoma (SCC) as the most common subtype. Risk
factors include human papillomavirus (HPV) infection and chronic inflammation of the
penile foreskin and glans.

3.2. Immunotherapy in Testicular Cancer
3.2.1. Anti-CD30 Therapy

CD30 expression has been found in testicular cancer and is associated with poor
prognosis in patients with CD30-expressing embryonal carcinomas [87].

Brentuximab Vedotin

Brentuximab-Vedotin is an anti-CD30 antibody that is used in treatment of testicular
cancers [88]. A partial response was seen in a case report which used Brentuximab-Vedotin,
combined with Prembrolizumab, as a treatment in a patient with a pre-treated metastatic
germ cell tumor [89]. However, the drug was discontinued after the patient developed
grade 3 immune-mediated hepatitis.

Case Studies and Clinical Trials

In 2017, Albany et al. made a case series of seven patients with CD-30 expressing
testicular cancer [87]. Specifically, five patients had germ cell tumors (GCT), one patient had
a Leydig cell tumor, and one patient had a Sertoli cell tumor. They were given Brentuximab-
Vedotin, which was well-tolerated and resulted in one durable complete remission and one
partial response in the patients with germ cell tumors. Necchi et al. in their phase 2 trial
also reported promising effects of Brentuximab-vedoitin as a salvage treatment in GCT.
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3.2.2. PD-1 and PD-L1 Inhibitors

In a study, Fankhauser et al. showed that PD-L1 expression can be seen in 73%
of seminomas and 64% of non-seminomas, and not in normal testicular tissue. PD-1
expression was also frequent in human testicular GCT [90]. The inhibition of PD-1 and PD-
L1 interaction has been investigated in multiple studies for the treatment of testicular cancer.

Pembrolizumab

PD-1 inhibition using Pembrolizumab has been investigated in the treatment of testicu-
lar cancer but has mixed results. A study involving 12 patients with refractory GCT showed
disappointing results with pembrolizumab treatment, despite being well-tolerated [91].
Pembrolizumab was also used as a therapy in a patient with metastatic choriocarcinoma
to the lung, cerebrum, and lymph nodes. However, the patient progressed rapidly with
an elevation of human chorionic gonadotropin (hCG) after 200 mg pembrolizumab was
given [92]. A case report was also undertaken investigating Pembrolizumab utility in
a Japanese patient with chemo-refractory testicular GCT with microsatellite instability
(MSI)-high. The patient had a decrease in hCG after two doses of pembrolizumab, proving
the possible efficacy of the drug [93].

Durvalumab and Tremelimumab

Durvalumab, an anti-PD-L1, alone or in combination with tremelimumab, an anti-
CTLA-4, was also studied as form of treatment in patients with advanced germ cell tumors
but showed disappointing results [94].

Nivolumab

A case series was performed in males with refractory nonseminomatous germ cell
tumors who relapsed from high-dose chemotherapy and stem cell transplantation. Seven
participants were given anti-PD-1 inhibitors nivolumab or pembrolizumab. Four patients
died after single-dose treatment, and one had a mixed response followed by progression.
One of the seven patients achieved a partial radiographic response, while the other one
had a stable disease [95]. Nivolumab was also used for 14 months in a patient with
choriocarcinoma with metastasis to the lungs, bone, brain, and lymph nodes [96]. He
had a partial radiographic response and B-HCG stability after treatment. In a study by
Shah et al. [97] nivolumab was used in a patient with metastatic embryonal carcinoma.
It showed that the Anti-PD-1 reduced tumor volume by 33%, with a decrease in serum
markers supporting the use of the drug in GCT treatment.

Avelumab

Anti-PD-L1 Avelumab, on the other hand, was used in a phase Il study in patients with
multiple relapsed/refractory germ cell tumors. In the study, the drug was well-tolerated,
but all patients experienced disease progression. Seven of the 15 patients died with 0%
12-week PFS, and 2.7 months median OS (95% CI 1.0-3.3) [98].

3.3. Targeted Therapy in Testicular Cancer
3.3.1. Tyrosine Kinase Inhibitors (TKIs)

Tyrosine kinase inhibitors Sunitinib and Imatinib were studied in patients with refrac-
tory GCT but did not show a significant benefit [99,100]. Trastuzumab, an anti-HER2 drug,
also did not show clinical activity against cisplatin-refractory germ-cell cancers [101].

3.3.2. Anti-CTLA-4

An Ipilimumab clinical trial (NCT00060372) has been recently completed investigating
persistent or progressive testicular cancer after allogeneic stem cell transplant. An Ipil-
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imumab with Nivolumab clinical trial (NCT02834013) is currently ongoing to study its
efficacy in treating rare tumors. Another clinical trial is recruiting testing the effectiveness
of Ipilimumab and Nivolumab with Cabozantinib for rare tumors (NCT03866382).

3.4. Future Therapies and Clinical Trials
3.4.1. Emerging Immunotherapies

There are multiple clinical trials on treatment of testicular cancer. A clinical trial
(NCT00003408) has recently been completed investigating aldesleukin, a recombinant
interleukin-2, recombinant interferon alfa, and sargramostim, a bone marrow immunostim-
ulant as novel treatment for testicular cancer with relapse after bone marrow and peripheral
stem cell transplantation. Lymphocyte infusion therapy clinical trials have also been com-
pleted in patients with testicular germ cell tumor (NCT00003887) and recurrent or high-risk
non-Hodgkin lymphoma (NCT01815749) who relapsed after bone marrow and periph-
eral stem cell transplantation. Dendritic cell vaccine (NCT00004604) and TRICOM-CEA
(6D) Vaccine (NCT00027534) are currently being investigated as therapeutic options for
metastatic testicular cancers.

3.4.2. Monoclonal Antibodies in Clinical Trials

Rituximab, an anti-CD20, is also being investigated on its efficacy in treating recurrent
(NCTO00054639), relapsed (NCT01326702), and previously treated lymphoid malignancy
(NCT00072514). It was also studied in a completed clinical trial in patients undergoing
donor peripheral blood stem cell transplants for relapsed or refractory B-cell lymphoma
(NCTO00867529). There is also a clinical trial (NCT00720135) looking at fusion protein
cytokine therapy after rituximab treatment in patients with non-Hodgkin lymphoma.
Alemtuzumab, an anti-CD52, was also investigated in treating patients who are undergoing
donor stem cell transplantation for hematologic cancers (NCT00118352).

MORAD-004, anti-endosialin/ TEM1 monoclonal antibody, has been studied in a com-
pleted clinical trial (NCT01748721) in patients with recurrent or refractory lymphoma.
Lastly, Bevacizumab, an anti-VEGF, has been investigated in a recently completed clinical
trial on lymphomas (NCT00458731).

4. Evaluating the Role and Clinical Potential of Inmunotherapies and
Monoclonal Antibodies in Male Reproductive Cancers

4.1. Immunotherapies and Monoclonal Antibodies

The clinical landscape for immunotherapies and monoclonal antibodies in male repro-
ductive cancers is evolving rapidly, demonstrating promising results, especially in prostate
cancer management. Immunotherapies like Sipuleucel-T and checkpoint inhibitors have
improved outcomes in metastatic castration-resistant prostate cancer (mCRPC), although
their success is tempered by moderate response rates compared to other cancer types. For
rarer tumors, such as penile and testicular cancers, targeted approaches including PD-1/PD-
L1 and anti-CD30 therapies have shown potential but vary in effectiveness depending on
individual tumor profiles. We believe that immunotherapy’s role in these malignancies is
critical as it addresses therapeutic gaps left by traditional modalities. However, treatment-
related adverse effects and challenges with achieving robust responses across all tumor
types highlight the need for carefully selected treatment protocols.

4.2. Probability of Clinical Success in Male Reproductive Tumors

The likelihood of clinical success for immunotherapies in male reproductive cancers is
significant, particularly in prostate cancer, where immunotherapy has achieved regulatory
approval and shown survival benefits in mCRPC cases. Success probabilities in penile
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and testicular cancers are somewhat lower due to the limited number of cases studied,
but emerging data from checkpoint inhibitors like pembrolizumab and nivolumab in
refractory cases are promising. Furthermore, adoptive T-cell therapy offers future potential
in HPV-related penile cancers, with early studies supporting its efficacy.

4.3. Integration with Standard Therapies

The integration of immunotherapies and monoclonal antibodies within existing cancer
treatment frameworks holds substantial promise. We agree that these therapies complement
conventional treatments by providing additional, tumor-targeted options. Combination
approaches, such as pairing checkpoint inhibitors with androgen deprivation therapy in
prostate cancer, are already showing potential for improved outcomes and quality of life. In
the future, incorporating immunotherapies alongside surgery, radiation, or chemotherapy
in a multimodal approach could lead to more comprehensive, personalized care for patients
with male reproductive cancers.

4.4. Conclusions

Immunotherapy and monoclonal antibodies present promising options for male repro-
ductive cancers, particularly metastatic prostate cancer, where treatments like Sipuleucel-T
and checkpoint inhibitors improve survival. While combination therapies, including CAR
T-cell and BiTE, expand potential, efficacy in solid tumors remains a challenge. For rarer
cancers, results vary; agents like pembrolizumab benefit select patients, emphasizing
personalized treatment. Ongoing research into resistance mechanisms, biomarkers, and
treatment refinement aims to enhance outcomes, advancing more effective, individualized
care for male reproductive cancers.
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