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Abstract: Penile cancer is a rare malignancy, most commonly diagnosed in older men, associated with poor outcomes, dramatic
decline in quality of life and sexual function. Squamous cell carcinoma is the most common histopathology of penile cancer,
accounting for 95% of all cases. Localized, early-stage penile cancer can be effectively managed through penile-sparing techniques
in many cases, though advanced stages of penile cancer carry a poor prognosis. Current innovative treatments are exploring the role of
targeted therapy, HPV-directed therapy, immune checkpoint inhibitors and adoptive T-cell therapies in treatment and prevention of
relapse of penile cancer. Clinical trials are investigating the potential of targeted therapies and immune checkpoint inhibitors in
advanced penile cancer. This review examines the current management of penile cancer and highlights future directions in research and
treatment.
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Introduction

Penile cancer is an uncommon form of malignancy, with an estimated incidence of 0.8 cases per 100,000 men globally in
2020." It is typically diagnosed in older men, with the majority of cases occurring in men over the age of 60.> Squamous
cell carcinoma (SCC) is the most common histopathology and is responsible for 95% of all cases.” Histological diagnosis
may be made by punch, excisional, or incisional biopsy. Human papilloma virus (HPV) subtypes 16 and 18, infection,
smoking and phimosis are the greatest risk factors for penile cancer and are more common in low socio-economic
groups.”

If metastasis occurs, the inguinal lymph nodes will be involved first, and up to 50% of patients will present with
inguinal adenopathy.> The most important prognosticator in penile cancer is lymph node involvement.® In cases of more
advanced disease, multimodal therapy may be required, though such cases tend to have a dismal prognosis.* Clinical
trials specifically assessing advanced penile cancer outcomes are limited, in part due to the rarity of the disease.
Therapeutic advances have emerged in recent years with promising results.”° In this review, an analysis of the current
standard of care, as well as contemporary and investigative therapies, including immunotherapy, targeted therapy, and
sequencing approaches will be performed.

Surgical Approaches - Localized Disease

With early detection of localized disease, penile cancer is highly curable with a good prognosis.” There are a number of
important determinants which must be considered when selecting the most appropriate treatment strategy, including the
size, location, depth of invasion and stage of the tumor. Localized disease may be managed through penile-sparing
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techniques in appropriately selected patients. MRI can be considered to evaluate the depth of invasion of primary tumor
which may be helpful in surgical planning.

Penile intraepithelial neoplasia (PeIN) is a precancerous lesion that warrants treatment.” Topical chemotherapy
(5-fluorouracil/Imiquimod) may provide complete response in up to 57% of patients.® The safety profile of these is
excellent with limited serious adverse events being reported.8 Patients with PeIN or superficial pTla disease may also be
managed by laser ablation therapy which is performed with either ND:YAG or carbon dioxide.’ Circumcision may be
curative in patients with PeIN or pT1 disease confined to the foreskin.'® Circumcision in childhood or adolescence
substantially reduces the risk of penile cancer.'’

Moh’s micrographic surgery optimizes aesthetic and functional results, and involves sequential removal of tissue
layers until negative margins are achieved.'? Recurrence rates are 20-30%, which is much higher than tumors managed
with partial penectomy (5%); nonetheless cancer specific and survival outcomes are similar between the two
modalities."® Glans resurfacing may also be offered to select patients with PeIN and pT1 tumors. Glans resurfacing
(Figures 1-3)'* is the removal of both the epithelial and subepithelial glans, followed by placement of a partial thickness

Figure | Initial step in glans resurfacing where the epithelium and subepithelial tissue is removed from the spongiosum by sharp dissection.
Notes: Reproduced with permission from Sosnowski R, Kuligowski M, Kuczkiewicz O, et al. Primary penile cancer organ sparing treatment. Cent European | Urol.
2016;69(4):377-383. Creative Commons.'*

Figure 2 Developing the plane to allow separation of the glans from corpora cavernosa during the initial step of glansectomy.
Notes: Reproduced with permission from Sosnowski R, Kuligowski M, Kuczkiewicz O, et al. Primary penile cancer organ sparing treatment. Cent European J Urol.
2016;69(4):377-383. Creative Commons.'*
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Figure 3 Completed glansectomy with split-skin graft.
Notes: Reproduced with permission from Sosnowski R, Kuligowski M, Kuczkiewicz O, et al. Primary penile cancer organ sparing treatment. Cent European | Urol.
2016;69(4):377-383. Creative Commons.'*

skin graft."> Sexual function has been demonstrated to improve with glans resurfacing, and oncological outcomes are
satisfactory with up to 100% overall survival at one year.'®

For tumors involving under 50% of the glans, partial glansectomy may be performed.'” Glansectomy may also be
indicated in patients with smaller tumors and pT1-T2 disease, though local recurrence is greater with organ-sparing
surgery compared with penectomy in patients with risk factors.'” Risk factors for local recurrence following glansectomy
include perineural invasion, PeIN, lymphovascular invasion (LVI), high grade disease and positive margins.'®

External beam radiotherapy and brachytherapy have both been evaluated as penile-sparing alternatives to surgical
resection in patients with early-stage disease. Prospective randomized control trials comparing the two modalities are
lacking, and shared decision-making is an important element of any oncological discussion in such patients. Indeed,
meta-analysis data have shown no statistically significant differences in overall survival (OS) or local recurrence (LR)
between patients managed with radiotherapy and surgery.'’

In patients with more extensive disease where penile-sparing surgeries are not feasible, partial penectomy can provide
a functional penile stump in many patients. Two centimeters (cm) has previously been advocated as the required surgical
margin, however this dogma has been challenged in recent years with as low as 1 millimeter being shown to offer
excellent oncological control.>° A standard excision ought to include a margin of clinically normal-appearing skin around
the tumour and surrounding erythema.?' Intraoperative frozen section analysis is performed to evaluate tumor margins
and may be used to identify adverse pathological features that may increase the risk of LR and/or metastatic disease.?
Total penectomy is usually performed in patients with T3 or T4 disease in whom a functional penile stump cannot be
achieved. Radical penectomy, which is rarely performed, involves complete removal of the corpora to the level of the
pubis. Total and radical penectomy are typically accompanied by creation of a perineal urethrostomy.'®

There are established techniques to reconstruct the glans or the remaining penile stump; with the most common being
split-thickness skin graft (STSG), the use of buccal mucosal graft (BMG), and the use of an inverted urethral flap (IUF).
Patient selection is critical and must incorporate patient and tumor characteristics, including location, stage and grade.*

Sexual Function

All treatments for penile SCC may result in genital disfiguration, which may have a substantial impact on quality of life
(QoL) and sexual function.”* Indeed, the majority of patients with penile cancer express anxiety regarding the potential
impact on their sexual functioning.?® Extirpative penile surgery affects many QoL metrics including sexual function,
sexual confidence, and positive male self-image.”® As survivorship continues to improve, sexual dysfunction has become
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an increasingly recognized adverse effect of treatment.”’ Despite the involvement of the primary male sexual organ,
evidence examining the sexual impacts of penile cancer is lacking.

Penectomy, despite being the gold-standard treatment for penile cancer, has significant QOL and sexual impacts.'*
Organ-sparing techniques may have similar oncologic outcomes in appropriately selected patients with the added benefit
of preservation of sexual function.'**® The studies on sexual function and penile cancer tend to be small and retro-
spective in nature. Almost unanimously, these studies use the International Index of Erectile Function (IIEF) and Social
Functioning Questionnaire (SFQ) to assess sexual function during penile cancer treatment.”®

According to observational data, laser ablation tends to have minimal sexual side effects, with studies citing between
0% and 22% of patients having altered erectile function after treatment.”*** A small study from the UK demonstrated
that glans resurfacing had high patient sexual satisfaction, with a large proportion even reporting improved sex life after
their treatment.>® Moreover, patients in this study reported no new erectile dysfunction and normal penile sensation after
treatment.’® A 2011 study found that radical circumcision with or without wide local excision preserved sexual and
erectile function.’’ Wide local excision alone also does not affect erectile function or penetrative intercourse.*>

Glansectomy, on the other hand, tends to have more profound effects on sexual function compared with other organ-
sparing techniques. A Cleveland Clinic study found poor post-operative erectile function in 50% and reports of no sexual
activity in 67% of patients treated with glansectomy alone.>® Despite this, these patients overall reported satisfaction with
their procedure and good QOL.** Encouragingly, glansectomy with neoglans reconstruction seems to better preserve
orgasm, ejaculatory function and ability to engage in penetrative sex.>* This was despite the expected decreased sensation
in the neoglans. Fortunately, contemporary data shows improved erectile function with more complex reconstructive
plastic procedures.>>-¢

As for partial or total penectomy, the data is limited again by small studies. Interestingly, a 2018 single-institution
study found that close to 70% of penectomy patients were satisfied with their sex life with over 80% reporting
satisfaction with their operation.’” Studies comparing partial penectomy patients to age-matched controls have found
only 40-50% lower erectile function, orgasmic function and sexual function on IIEF scores.’”*® In terms of stump length
after partial penectomy, there is no clear cut-off, as successful intercourse post-operatively is multifactorial. That being
said, in one small cohort study including 18 patients, the majority reported erectile function with a median 4 cm phallus
suitable for penetrative intercourse.” Of not those not engaging in intercourse, a large proportion reported the reason
being “shame” for small phallus size than true erectile rigidity.*

Unsurprisingly, studies find that total penectomy patients, despite maintaining their libido, have decreased sexual
satisfaction compared to those managed with partial penectomy.*” Nonetheless, total penectomy patients do report some
sexual satisfaction, suggesting forms of intimacy without penetrative intercourse still confer benefit in this population.®”
Although not well studied, novel reconstructive techniques may aid in improving sexual satisfaction in these patients.
After total penectomy, performing neophalloplasty is a possibility. Both semi-rigid and inflatable prosthesis can be placed
within the neophallus to aid in penetrative intercourse.*' These cases are surgically and oncologically complex given the
risk of tumor seeding and paucity of tunica or corpora that would ideally protect the phallus from erosion, infection, and

extrusion.*!

Inguinal Lymphadenectomy

Early treatment of lymph node involvement can improve survival, though this observation is limited to patients without
bulky lymph node involvement or metastatic disease.**** High-risk patients (ie pathological stage T1b or greater) require
nodal staging regardless of the clinical node status. Inguinal lymphadenectomy is associated with significant surgical
morbidity with contemporary series reporting up to a 57% complication rate.** Infection, skin necrosis, deep vein
thrombosis (DVT) and lymphedema are common adverse events associated with inguinal lymphadenectomy.

Not all patients with palpable lymph nodes at diagnosis will require an immediate inguinal lymph node dissection
(ILND), as 30% to 50% of inguinal lymphadenopathy may be secondary to inflammation.*> In the past, a prolonged
course of antibiotics following penile resection was used to distinguish between reactive lymphadenopathy and meta-
static disease. Antibiotics may be used in cases of overlying infection, though this should not delay percutaneous biopsy
in most cases.*” Penile cancer experts now favor more expeditious evaluation of the palpable lymph nodes by performing
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a percutancous lymph node biopsy, with the sensitivity and specificity of fine needle aspiration (FNA) among men with
clinically palpable nodes are up 90%.4047 Dynamic sentinel node biopsy (DSNB) is a reasonable option for patients with
non-palpable or non-bulky inguinal nodes, with contemporary results demonstrating sensitivity ranging from 88% to
93%.** DSNB should only be performed in high-volume centers with extensive experience in the procedure.*®

Robotic ILND has been evaluated as a more novel surgical approach that uses a robot-assisted technique to remove
lymph nodes from the inguinal region. The evidence for robotic ILND is limited in penile cancer, though currently the
literature supports the approach as safe and effective, with a more favorable risk profile compared with open surgery.*’
However, patient selection is critical for the procedure, particularly those with non-palpable or non-bulky inguinal

nodes*” and should only be offered within a clinical trial >’

Imaging for Nodal and Metastatic Disease
Cross-sectional imaging is critical in the evaluation of patients with penile cancer and is used to determine the size,
location and proximity of ILNs in patients with suspected penile cancer. Imaging can also help to identify metastatic
disease or other affected lymph nodes in the chest, abdomen, or pelvis.’ It is important to note that imaging is a useful
adjunct to physical examination. Indeed, as much as 16% of patients without palpable lymphadenopathy may harbor
occult metastatic disease, and 20-40% of patients with palpable lymphadenopathy are found to be non-metastatic.*>>'
Magnetic resonance imaging (MRI) is considered the best imaging modality in patients where physical exam is clearly
limited, such as in those who have had previous chemotherapy or radiation therapy, and in the setting of obesity.**>>
The current National Comprehensive Cancer Network (NCCN) recommendations for 18F fluorodeoxyglucose (FDG)
PET/CT are that they should only be used as a diagnostic modality in patients with clinically node-positive disease or in the
setting of a clinical trial.*® This recommendation is supported by the findings of a systematic review and meta-analysis that
found that FDG PET had a relatively low pooled sensitivity for detecting inguinal metastasis in patients with clinically node-

negative disease (56.5%), but a higher pooled sensitivity for patients with clinically node-positive disease (96.4%).>

Advanced Disease
Multimodal therapy involving chemotherapy, radiation and/or extirpative surgical resection are mainstays in the manage-
ment of locally advanced and metastatic penile cancer. Lymph node status is the single most important predictor of
survival in penile cancer. Adverse lymph node characteristics include biopsy confirmed metastatic disease, fixed, bulky
(>4cm), bilateral, or positive pelvic lymph nodes. Neoadjuvant chemotherapy (NAC) is recommended by NCCN and
European Association of Urology (EAU) in such cases prior to attempting surgical resection.*®>* NAC regimens
typically consist of four cycles of combination paclitaxel, ifosfamide and cisplatin (TIP). These recommendations are
based on the findings of a single-arm prospective Phase II trial that evaluated TIP regimens in the neoadjuvant setting.>
In a pooled meta-analysis including 10 studies evaluating taxane-based NAC, an objective response of only 53% was
identified.® Adjuvant multimodal therapy can also be considered for patients with high-risk features, namely pelvic
lymph node metastases, extranodal extension, bilateral inguinal lymph node involvement and tumor size >4 cm.*®

The International Penile Advanced Cancer Trial (InPACT) is the first Phase III trial evaluating histologically confirmed
penile SCC with regional lymph node metastasis.’’ Patients were randomly assigned to one of three arms: ILND alone, NAC
prior to ILND, or neoadjuvant chemoradiation prior to ILND in patients with regional lymph node metastasis. InNPACT was
also designed to provide insight into the management of patients with a high risk of recurrence based on ILN histology. The
value of prophylactic pelvic lymph node dissection combined with chemoradiation to the inguinal and pelvic lymph nodes
will be compared with chemoradiation to evaluate if prophylactic inguinal and pelvic lymph node dissection provides any
survival benefit.’® Patient accrual has been very poor, and the results of the trial must be interpreted with caution.

Development of Novel Therapeutic Approaches
HPV-Directed Therapy

HPV status is an intriguing area requiring further research as up to 50% of penile cancer is HPV-positive.’”*" Indeed,
HPV-positive and HPV-negative tumors have discrete molecular features, highlighting the importance of HPV status in
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tumor profiling.®' This information can help guide the development of novel immune-based treatments, including
vaccines designed to target HPV-positive tumors. This approach may improve treatment outcomes and reduce the risk
of side effects associated with traditional treatment modalities. HPV positivity may predict superior locoregional control
in patients with node-positive disease who received adjuvant chemoradiation, compared to HPV-negative patients.>

Given the high prevalence of HPV in patients with penile cancer, there has been a growing interest in evaluating
targeted therapies to HPV proteins, specifically proteins E6 and E7.%> These are believed to play a role in the
development of penile cancer. Prophylactic HPV vaccines for primary prevention in HPV-associated precancerous
lesions have demonstrated promise, particularly in cervical cancer.®” The long-term impact of these vaccines on penile
cancer prevalence is yet to be elucidated. Clinical trials are currently under way which evaluate combination therapy with
HPV vaccines and immunotherapies such as anti-PD-1, anti-PD-L1 and adoptive T-cell therapy.’

Targeted Therapy

Given the poor response to traditional first-line, platinum-based chemotherapy, different targeted treatment modalities
have been explored as a potential alternative. EGFR protein is highly expressed in penile SCC, and represents an area of
contemporary research in advanced disease.®* Anti-EGFR agents such as panitumumab have been investigated in the
setting of unresectable and/or metastatic disease, with a median OS of 9.5 months.®®> The efficacy of cetuximab (anti-
EGFR) was evaluated retrospectively in patients with advanced disease, comparing the efficacy of cetuximab given alone
versus taxane therapy alone versus combination cetuximab and taxane therapy. The overall risk reduction (ORR)
associated with cetuximab was 27%, though these results did not reach statistical significance.®® Anti-EGFR agents
may be reasonably effective, well-tolerated treatments on patients who are not eligible for standard platinum-based
chemotherapy, though further trials are required to draw definitive conclusions. A number of other targetable pathways,

including mTOR and DDR, are currently under investigation.®”-*®

Immunotherapy

Immunotherapies include immune checkpoint inhibitors and adoptive T-cell therapies. These represent a contemporary
modality which show some promise in the management of advanced or refractory penile cancer. The available literature
on these therapies is currently limited to small case-series, with some reports of sustained responses in those with high
microsatellite instability or positive PD-L1 expression.®®”" Combination therapies have also shown some promising
preliminary results, although data is limited.®® The NCCN guidelines currently support pembrolizumab as a second-line
systemic therapy in patients with metastatic or refractory disease in patients with high microsatellite instability, as well as
other molecular characteristics (ie dMMR, TMB-H).*®

A number of malignancies are currently treated with immune checkpoint inhibitors regardless of these molecular
characteristics, and as such these markers may not be reliable predictors of response to treatment.’*’* Identifying novel
therapies which may be used in the neoadjuvant setting is critical, as the current standard of care does not provide
a durable response in large proportion of men. Clinical trials are currently evaluating combination therapy with
pembrolizumab and platinum-based chemotherapy as first-line treatment in the metastatic disease setting.”* Avelumab
is also being evaluated as maintenance therapy in patients with stable disease following TIP chemotherapy, both in the
locally advanced and metastatic.”” Given the influx of clinical trials evaluating the management of advanced disease,
clinicians should remain hopeful for more effective therapeutic options to be elucidated.

Immune checkpoint inhibitors can be administered in an outpatient setting, which can be more convenient for
patients. TIP is the current standard of care chemotherapy regimen in patients with advanced disease. TIP administration,
however, must be performed in the inpatient setting, ultimately limiting its availability to patients in more rural
locations.®> Administration also requires expertise due to its potential for significant toxicities, including bone marrow
suppression, kidney damage, and neuropathy. Expert monitoring and handling are necessary to ensure patient safety and
minimize the risk of adverse reactions, which may be barriers to providing care in some settings.’> Immune checkpoint
inhibitors are a promising therapeutic option which may increase access to care for patients with advanced or metastatic
disease.
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It is important to note that while immune-checkpoint inhibitors (ICI) and other novel therapies have shown promising
results in the relapsed or refractory setting, most of the data on these therapies has been limited to this stage of the
disease. Therefore, it is critical to continue researching the use of these therapies earlier in the disease course, such as in
the neoadjuvant or adjuvant settings. Additionally, it is also worth noting that combining ICI with other therapies such as
radiotherapy, chemotherapy or surgery is also being studied as a means of achieving better outcomes.’

Adoptive T-Cell Therapy

Adoptive T-cell therapy is an emerging modality that has growing interest due to its novel approach. Adoptive T-cell
therapy is a type of immunotherapy that involves the ex-vivo expansion of tumor-infiltrating lymphocytes (TIL), which
are then infused back into the patient to target and destroy cancer cells.”® Tumor cells may also be targeted through T-cell
antigens engineered towards cancerous cells.

The first trial to evaluate the efficacy of adoptive t-cell therapy was published in 2021. In this small pilot feasibility
trial, the authors found that TIL expansion was independent of prior infection with HPV and NAC exposure.”® A phase I/
II clinical trial in patients with refractory penile cancer evaluated the role of genetically engineered T-cells therapy. In this
trial, patients received autologous T-cell therapy that was genetically engineered with a T-cell receptor directed against
HPV16 E6.”” No dose-limiting toxicities were observed in the trial, with two patients experiencing objective tumor
responses.’’ These findings suggest that adoptive T-cell therapy may be a promising approach for the treatment of penile
cancer and other HPV-associated malignancies.

Conclusion

Penile cancer is an uncommon form of malignancy with limited effective therapeutic options in advanced stages.
Localized disease can be managed with penile-sparing techniques in appropriately selected patients, though patients
must be counselled regarding the risk of sexual dysfunction and changes in quality of life. In advanced scenarios, ILN
involvement remains the most important prognosticator in penile cancer, and the morbidity may be reduced with
minimally invasive approaches such as robotic ILND compared with the traditional open dissection. There is
a number of clinical trials currently evaluating novel therapies for advanced or recurrent penile cancer, such as targeted
therapy, HPV-directed therapy, immune checkpoint inhibitors and adoptive T-cell therapies. These therapies have shown
promise in the treatment of penile cancer, particularly in the relapsed or refractory setting. Further research is required to
continue appropriately guide clinical practice, particularly in those with advanced disease.
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