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Introduction

Penile cancer is a rare disease with significant morbidity 
and mortality when present in the advanced stages of the 
disease. Its prevalence is highest in the developing countries 
of Africa, Asia, and South America, and its most common 
histology is squamous cell carcinoma (SCC) (1,2). The 
overall incidence in the United States is approximately 0.69 
per 100,000 men with incidence associated with increasing 
age at diagnosis (3). Traditionally, radical penile and inguinal 
surgery has been considered the mainstay treatment even 
though it can carry substantial physical and psychosexual 
morbidity for those treated. Recently, however, organ-
sparing has become a widely accepted approach due to 
established equivalent oncologic control while achieving 
satisfactory somatic and sexual health outcomes (4,5). 

The etiology of penile cancer is multifactorial with many 
risk factors identified including phimosis, poor hygiene, 
smoking, and chronic inflammatory states such as balanitis 
xerotica obliterans (BXO) (2). Other risk factors for penile 
cancer include an increasing number of sexual partners, 
or history of genital warts or other sexually transmitted 
diseases. In particular, infection with human papillomavirus 
(HPV) has been linked to penile cancer carcinogenesis (6), 
although exact pathways have not been fully elucidated 
to date. Nonetheless, the pathogenesis of HPV infection 
provides an actionable target for newer therapeutic agents 
to treat this rare and disfiguring disease. In this review, we 
provide a thorough update on the epidemiology of HPV 
infection, mechanisms of pathogenesis, as well as current 
and future therapeutic strategies against HPV-mediated 
penile carcinogenesis. 
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HPV pathogenesis

Population infection rates

HPV infection has been implicated in many cancers, 
including cervical (7), penile (1) and oropharyngeal 
malignancies (8). However, most HPV infections do not 
develop into pathogenic external lesions, and the majority 
are immunologically cleared by 12 months (9). Yet, HPV 
DNA is detected in more than 90% of cervical tumor  
cells (10), 68% of tonsillar tumor cells (11) and an estimated 
more than 20% of penile tumor cells (although this value 
varies depending on the literature) (12). The variations in 
prevalence of HPV-positive penile cancer may be due to 
differences in sampling methods, genital sites sampled (e.g., 
glans, shaft, or scrotum), molecular testing, and populations 
studied. For instance, a higher estimate of HPV prevalence 
can be found when samples are collected from a larger 
number of anatomic sites (13,14). Higher estimates can also 
result from the use of more sensitive sampling techniques, 
such as a pre-wetted Dacron swab versus a cytobrush or 
urine sample (14).

It appears that there may be gender disparities in HPV 
infections. The prevalence of HPV infection in women has 
been estimated to be around 11.7% with specifically higher 
prevalence seen in sub-Saharan Africa, Eastern Europe, 
and Latin America (15). The prevalence of HPV infection 
in men is more variable, ranging from 1.3% to 72.9%. 
However, most studies report estimates greater than 20% 
in men, with higher prevalence in uncircumcised versus 
circumcised men (12,16). 

Both genital (17-19) and oral (20) HPV prevalence 
have been shown to be higher in men than in women. 
Additionally, there does not seem to be an association 
between age and HPV prevalence in men. In contrast, 
HPV prevalence in women is highest among 14 to 24 years 
old, which then decreases until middle age (18). These 
differences indicate that HPV infection and clearance may 
differ by gender. In fact, it has been shown that men take 
significantly longer to clear an oral HPV infection than 
women (5.3 vs. 3.0 months; P<.001) (21). Additionally, in 
serologic studies women have been shown to have a higher 
prevalence of HPV antibodies in comparison to men, 
regardless of age (22,23). In another study, women were 
shown to have a higher prevalence of antibodies for one 
or more of HPV types 6, 11, 16 and 18 than men (32.5% 
vs. 12.2%) (22). Thus, evidence suggests that men do not 
exhibit as robust an immune response to HPV infection as 
women do. In the general population, the penile epithelium 

of asymptomatic men has consistently higher prevalence 
of HPV infection than the cervix of women with normal 
cytological testing (24). It is possible that these gender 
differences occur because HPV infection of keratinized 
epithelium does not induce an immune response as 
effectively as that of mucosal epithelium, the tissue type 
most commonly infected in women. 

Penile cancer has been considered a relatively rare 
malignancy in the western world. In fact, between 1973 and 
2002, the overall incidence of primary malignant penile 
cancer had decreased in the United States (3). Additionally, 
between 1943 and 1990 there was a statistically significant 
decline in the overall rate of penile cancer in Denmark (25). 
However, recent reports indicate an increase in incidence 
rates in various countries. For example, the Netherlands 
had an increase from 1.4 to 1.6 per 10,000 person-years 
from 1989 to 2006 (26). In Denmark, despite older studies 
showing a decline in penile cancer incidence as noted above, 
there was actually an increase from 1.0 to 1.3 per 100,000 
men-years more recently from 1978 to 2008 (27). More 
recently, England had an increase from 1.10 to 1.33 per 
100,000 men from 1979 to 2009 (28). 

This increase in incidence of SCC penile cancer observed 
in England, Denmark and the Netherlands mirror increases 
in incidence of HPV-positive oropharynx cancer rates seen 
in the U.S., Sweden and Finland. HPV infection is a risk 
factor for both oropharyngeal cancer and penile cancer. 
From 1988 to 2004 in the U.S., the prevalence of HPV-
positive SCC oropharynx cancer (SCCOP) has increased 
225%, while HPV-negative SCCOP fell by 50% from 1988 
to 2004 (8). The drop in HPV-negative SCCOP incidence 
correlates with decreased smoking, while the rise in HPV-
positive SCCOP suggests increased oral HPV exposure (29).  
From 1970 to 2002 in Sweden, there has been a 2.8 fold 
increase in the incidence of tonsillar cancer and a significant 
increase (2.9-fold; P<0.001) in the proportion of HPV-
positive tonsillar cancer (11). From 1956 to 2000 in Finland, 
the age standardized incidence rate of tonsillar cancer 
doubled (30). 

Interestingly, treatment with radiation of HPV-positive 
SCCOP had more pronounced improvements in 2-year 
survival rates than HPV-negative SCCOP (31). In another 
study investigating the viral load of HPV-16 in tonsillar 
cancer, six patients with tumors with greater than or equal 
to the median value of 190 HPV-16 copies per B-actin had 
significantly better survival than those with lesser than or 
equal to 60 HPV-16 copies/B-actin (P=0.039, log rank test) 
with the higher viral load group tumor free 3 years after 
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diagnosis versus 2/5 tumor free in the lower viral load group 
(P=0.026, ×2 test) (32). These results seem to indicate that 
HPV-presence may influence disease outcome however, 
more research is needed in this line of inquiry.

HPV serotypes

HPV is a DNA virus with more than 100 different known 
genotypes which can affect both cutaneous and mucosal 
sites. There are 20 types which are known to infect the 
genital tract (33). These types are generally classified as 
“low-risk” or “high-risk” depending on their association 
with cervical malignancy. HPV types 16, 18, 31, 33, 45, 
56, and 65 are considered high-risk and are associated with 
penile malignancies, whereas types 6 and 11 are found in 
benign lesions (e.g., condyloma acuminata, or genital warts) 
and are considered low risk for malignant transformation. 
In patients with HPV, coinfection with more than one HPV 
type is common (34).

High-risk HPV-16 and HPV-18 are particularly 
implicated in genital malignancies. In cervical cancer, HPV-
16 was present in more than 50% of cases and HPV-18 in 
another 11% (10). In penile cancer, HPV-16 or HPV-18 
were implicated in approximately 31% of penile cancers, 
with HPV-16 being the predominant subtype (35). HPV-16 
DNA is also a risk factor for developing tonsillar cancer and 
causes the majority of oropharyngeal SCC in the United 
States (8,36,37).

HPV type influences the rate of progression from 
genital HPV infection to disease (38). In one study, 16% of 
genital HPV-6 infections in men developed into HPV-6-
positive condyloma and 22% of genital HPV-11 infections 
in men developed into HPV-11-positive condyloma. Both 
types of infections had rapid rates of progression to disease 
after initial genital infection with a median of 7.7 months. 
However, only 2% of genital HPV-16 developed into penile 
intraepithelial neoplasia (PeIN) within a 24-month period. 
HPV-16 infection had a relatively slow rate of progression 
to disease, with 50% taking more than 19 months for PeIN 
to be detected (39). PeIN is considered to be a precursor 
lesion of invasive SCC and is defined as a change of the 
penile squamous epithelium indicated by dysplastic changes 
with an intact basement membrane (34).

The role of HPV as a prognostic factor in penile cancer 
remains unclear. It is uncertain whether cancers involving 
HPV infection have better survival profiles than cancers 
without HPV infection. In a study with 82 penile cancer 
patients, 30.5% of tumors had HPV DNA, with HPV-

16 being the most prevalent. This study demonstrated no 
association between HPV negative and positive patients 
when considering lymph node metastasis (P=0.386) and  
10-year survival rate (68.4% vs. 69.1%; P=0.83) (40). In 
another study with 29 patients with invasive penile SCC, 
31% of tumors had either HPV-16 or HPV-18 DNA. This 
study found no difference between HPV negative and 
positive patients in terms of nodal metastasis or survival 
even after adjustment controlling for tumor stage (35). 
However, these results differ from another study which 
examined HPV status as a prognostic indicator in 171 
penile cancer patients. In this study, high-risk HPV DNA 
was found in 29% of tumors, with 76% containing HPV-16; 
high-risk HPV was associated with improved 5-year disease-
specific survival (78% vs. 93%; P=0.03). Additionally, high-
risk HPV was an independent predictor of disease specific 
mortality in multivariate analysis [hazard ratio (HR), 0.14; 
95% CI, 0.03–0.63; P=0.01] (41). It is possible that these 
conflicting results may be due to differing study designs, 
sample sizes and sampling methods for HPV DNA, 
especially since there has yet to be a universal protocol for 
HPV DNA testing of penile SCC tumors. The prognostic 
role of HPV in the literature remains unclear. A summary 
of the available studies is shown in Table 1. 

HPV pathogenesis/carcinogenesis

HPV-mediated pathogenesis of human epithelial cells 
is a multistep process. Although the HPV-mediated 
pathogenesis of cervical squamous cell cancer is well 
understood, it is not as well understood in penile cancer. 
Penile cancers are predominantly squamous cell in origin. 
However, there are several subtypes, including basaloid, 
warty, keratinizing, and verrucous. HPV infection has been 
associated with basaloid and warty subtypes and less so with 
other subtypes. A study found HPV DNA in 42% of penile 
carcinomas, 90% of dysplasias and 100% of condylomas. 
Additionally, basaloid and warty SCC subtypes had 80% 
and 100% of HPV DNA, respectively, whereas keratinizing 
and verrucous subtypes had the lowest percentage of HPV 
DNA, at 34.9% and 33.3%, respectively (48).

HPV affects the squamous epithelium in two ways, either 
as a viral infection or as a viral-associated precancerous 
lesion. A HPV viral infection is largely transient and occurs 
when the squamous epithelium supports virion production 
and develops into a morphologic low-grade lesion (e.g., 
condyloma and mild dysplasia). In contrast, an HPV viral-
associated precancerous lesion (e.g., HPV-associated 
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PeIN) occurs when the viral genome integrates into the 
host genome, leading to virally-induced overexpression of 
oncogenes that drive cell proliferation, which can develop 
into malignant transformation (34). In HPV-16 mediated 
penile cancer, integration occurs at the chromosomal 
8q21.3 locus (FAM92A1 gene) and at the 16p13.3 locus 
(TRAP1 gene). This HPV integration marks an end point 
in the clonal selection of cells, resulting in functional 
genes that are altered. This allows for uncontrolled growth 
and dedifferentiation which can progress into invasive  
cancer (24).

HPV is a double-stranded DNA virus that has a 
circular genome which encodes eight genes, including 
E5, E6 and E7 oncogenes. However, only the E6 and E7 
oncogenes are necessary for malignant transformation and 
maintenance of malignant phenotype of the host cells (34).  
The activation of viral E5 oncogene is not necessary for 
malignant transformation. However, it may contribute 
to carcinogenesis through manipulating viral uptake 
of host target cells, leading to progression of dysplasia 
related to premalignant lesions. The E5 gene product 
is a transmembrane protein that regulates activation 

Table 1 Prognostic value of HPV in penile carcinoma: a summary of studies

Study
Number of 
patients (n)

Number of patients 
with HPV-positive 

tumors (n)

HPV  
sub-types 

Primary  
outcome

Findings
HPV prognostic 

value

Djajadiningrat 
et al.  
2015 (42)

212 53/212 (25%) 16, 33, 18, 45, 31, 52 
detected

5-year disease-
specific survival

High-risk HPV positive 
group: 96% vs. high-risk 
HPV negative group: 82% 
(P=0.016)

Positive

Steinestel  
et al.  
2015 (43)

58 18/58 (31%) 6, 11, 16, 18, 31, 33, 
35, 39, 45, 51, 52, 53, 
56, 58 and 59 tested; 
16, 45, 6 detected

Disease-specific 
survival

Data for 35 patients at 
median follow-up of 15 
months: no deaths in HPV-
positive cohort, 6 died 
in HPV-negative cohort 
(P=0.13)

Inconclusive/
negative

Zhai et al. 
2013 (44)

28 7/28 (25%) 16 detected in all 
HPV+ samples

5-year disease-
specific survival

HPV-positive group: 67% 
vs. HPV-negative group: 
58% (P=0.431)

Inconclusive/
negative

Fonseca et al. 
2013 (45)

82 50/82 (60.9%) 11, 6, 16, 53, 33, 18, 
69, 45, 51, 52, 58 
detected

5-year disease-
specific survival

HPV-positive group: 34% 
vs. HPV-negative group: 
29% (P=0.45)

Inconclusive/
negative

Protzel et al. 
2007 (46)

28 7/19 (37%) 6, 11, 16, 18 tested  
(in 19 of 28 patients 
with available DNA)

Disease-specific 
death 

No association with HPV 
status; median follow-up 
46.1 months

Negative

Lont et al. 
2006 (41)

171 50/171 (29%) 16, 18, 33, 45, 56, 1 
tested

5-year disease-
specific survival

HPV-positive group: 92% 
vs. HPV-negative group: 
78% (P=0.03)

Positive

Bezerra et al. 
2001 (47)

82 25/82 (52%) 6, 11, 16, 18, 31, 33, 
34, 35, 39, 40, 42, 43, 
44, 45, 51, 52, 54, 56, 
58 tested; 16, 4, 18, 
6/11, 45, 31, 33, 35, 
51/52 detected

10-year disease-
specific survival

HPV-positive group: 
68.4% vs. HPV-negative 
group: 69.1% (P=0.83)

Negative

Wiener et al. 
1992 (35)

29 9/29 (31%) 16, 18 tested Both overall- and 
disease-specific 
survival

No association with HPV 
status

Negative

HPV, human papillomavirus.
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of epidermal growth factor receptor (EGFR); EGFR 
upregulation leads to a decrease in E-cadherin expression. 
This decrease, combined with an associated increase in 
MMP-9, results in a reduction of cell-to-cell adhesion (49). 

Viral oncogenes E6 and E7 are actively transcribed in 
HPV-infected cells. E6 and E7 contribute carcinogenesis 
by disrupting centrosome synthesis, which is central to 
mitosis. Thus, a hallmark feature of both HPV-mediated 
premalignant lesions and malignant tumors is the 
development of multipolar mitosis. Additionally, viral E6 
oncoprotein targets p53 tumor suppressor protein whereas 
viral E7 oncoprotein primarily targets retinoblastoma-1 
(RB1) tumor suppressor protein (50). These oncoproteins 
inactivate their respective target tumor suppressor proteins 
through binding. Since the p53 and RB1 are negative 
regulators of cellular proliferation, the inactivation leads 
to uncontrolled cellular growth. In HPV-negative penile, 
head and neck squamous cell carcinomas (HNSCC), p53 is 
mutated and may be associated with lymph node metastases 
(51,52). However, wild-type p53 function is crucial to 
the development of cervical tumors, but p53 mutations 
frequently occur later in the metastatic progression of 
HPV-positive primary cervical cancers (53). In HPV-
positive tonsillar cancer, HPV-16 oncogenes E6 and E7 
oncogenes are generally expressed (36,37). In the matter 
of HPV-mediated cervical cancer pathogenesis, it is known 
that HPV and chromosomal recombination is frequent and 
required for progression to cancer; DNA hypermethylation 
of the L1 gene is established as a biomarker for cancer 
progression. Some studies have shown that there are high 
rates of HPV-16 methylation in penile cancer similar to 
those seen in cervical cancers (54).

In high-risk HPVs, viral E7 oncoprotein binds with 
Rb tumor-suppressor protein with much higher affinity 
than E7 produced by low-risk HPVs, such as HPV-6 and 
HPV-11. One of the major functions of Rb is to bind and 
inhibit transcription factors of the E2F-family, which leads 
to the repression of transcription of genes with products 
involved in DNA and chromosomal replication (55).  
Viral E7 oncoprotein interferes with the Rb and E2F 
interaction, leading to the release of E2F factors in their 
transcriptionally active forms, resulting in autonomous 
cell proliferation without G1 cell-cycle stops (56). This 
allows for cyclin-dependent kinase inhibitor p16ink4a to 
accumulating in the nucleus, which inhibits G1 cyclin-
dependent kinase 4 (CDKN4), CDKN6, and cyclin-D 
dependent kinases, thus initiating phosphorylation 
(inactivation) of the Rb tumor-suppressor protein. Hence, 

in high-risk HPV transcriptionally-active infection, 
p16(INK4a) overexpression can serve as a surrogate 
immunohistochemical marker (57,58). However, this 
inactivation of RB1 and enhancement of p16 expression can 
occur both in HPV-associated tumors and in HPV-negative 
tumors that have mutations leading to RB1 loss (58). 

HPV and pre-neoplastic lesions

HPV infection can result in two types of external genital 
lesions depending on how the virus affects the squamous 
epithelium. One type is condyloma acuminata (genital 
warts), which are low grade lesions resulting from the 
production of virus in the squamous epithelium due to a 
transient HPV viral infection. The other type of external 
genital lesions are undifferentiated PeIN, which are 
HPV viral-associated precancerous lesions, a result of 
viral genome integration into the host genome leading 
to overexpression of oncogene, driving cell proliferation 
leading to malignant transformation (34). PeIN lesions 
have a broad range of morphology and can be classified 
as differentiated and undifferentiated (59). Differentiated 
PeIN is usually associated with nonviral factors (e.g., 
chronic inflammation, lichen sclerosis, phimosis) and is 
anticipated to progress to well-differentiated and keratinized 
SCC (60). Undifferentiated PeIN is usually associated with 
HPV infection and is considered to be a precancerous lesion 
that progresses to basaloid and warty subtypes of SCC (61). 
Alemany et al. executed a large international study from 
25 countries to explore HPV prevalence in penile cancer 
tumors and precancerous lesions. This study diagnosed 
85 precancerous lesions and 1,010 penile cancers in which 
HPV DNA was found in 87.1% of precancerous lesions and 
33.1% of penile tumors (62).

Aynaud et al. found HPV DNA in approximately 75% of 
Grade I PeIN, 93% of Grade II PeIN, and 100% of Grade 
III PeIN (63). Sudenga et al. studied 1,788 HPV-positive 
men and found that 92 acquired external genital lesions, 
with 9 developing PeIN and 86 developing condyloma (39).  
In both of these studies, HPV-16 was found in a vast 
majority of PeIN lesions. In a study of males from varying 
age groups, the prevalence of HPV in prepuce samples 
absent of external lesions were examined for high-risk HPV 
subtypes. High-risk HPV subtypes were found in 45.5% of 
children (0–10 years old), 60.6% of adolescents (11–20 years  
old), and 58.3% in adults (>20 years old). The highest 
prevalence (59.8%) was shown in age groups that had 
estimated higher rates of sexual activity (>14 years old) (64). 
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These results indicate that although PeIN transformation 
is a rare event, high-risk HPV infection is common in 
males and supports vaccination protocols in boys and young 
adults.

Current therapies against HPV

Preventative lifestyle factors

Several factors predispose to genital HPV infection, yielding 
a series of preventative measures that can be undertaken 
to minimize this risk. Inconsistent or lack of condom use 
has been linked to higher rates of HPV infection (65-69). 
Hence, their regular use is an important point on which 
to counsel patients. Alcohol (70) and tobacco use (71-73)  
also have a correlation with increased HPV infection 
independent of the number of sexual partners, so avoidance 
of these substances is advisable. A study of South African 
women showed high rates of co-infection with sexually-
transmitted infections and HPV, most commonly herpes 
simplex type 2 and chlamydia trachomatis (74). Likewise, 
higher number of sexual partners has been repeatedly 
demonstrated as a risk factor for genital HPV infection 
(29,66,75-77). Another widely-investigated intervention for 
the reduction of HPV infection is circumcision (16,78-83).  
In fact, a 2017 systematic review and meta-analysis of 24,401 
men over 30 articles found significantly reduced odds of 
HPV prevalence in circumcised versus uncircumcised 
men [odds ratio (OR): 0.68; 95% CI: 0.56–0.82] (83). In 
summary, genital HPV infection risk can be reduced by 
circumcision and safe sex practices, including consistent 
condom use, reducing sexual partners and avoidance of 
sexually-transmitted infections, alcohol and tobacco. 

HPV vaccination

The first HPV vaccine (Gardasil, Merck & Co., Inc., 
Whitehouse Station, NJ, USA) was approved by the U.S. 
Food and Drug Administration (FDA) on June 8, 2006. It 
consisted of the quadrivalent strain, covering HPV types 
6, 11, 16 and 18. This was later followed by the bivalent 
vaccine (Cervarix, GlaxoSmithKline Biologicals, Rixensart, 
Belgium) in 2009 for types 16 and 18 (84). Most recent to 
be FDA-approved in 2014 was the 9-valent version (Gardasil 
9, Merck & Co., Inc.), protecting against HPV types 6, 11, 
16, 18, 31, 33, 45, 52 and 58 (85). 

The most robust available data regarding HPV vaccines 
regards cervical intraepithelial neoplasia and cervical 

cancer. A recent 10-year review and meta-analysis of several 
randomized controlled trials (RCT) cited efficacy from 
89.8–100% at follow-up of 34.9 months to 9.4 years (86). 
The most common adverse event was pain at the injection 
site and any serious adverse events were determined not 
to be vaccine-related (86). Another 10-year review found 
similar efficacy, specifically of the bivalent and 9-valent 
vaccines, again, in CIN2+ lesions (87). 

However, regarding male HPV cases, a significant 
concern is the low rate of seroconversion after natural 
infection (88). In addition, it has been suggested that 
HPV antibody seropositivity does not provide significant 
immunity to future infections like it does in women (89). 
Fortunately, the quadrivalent HPV vaccine has been shown 
to be highly immunogenic in men age 16 to 26, with 
seroconversion by month 7, remaining elevated even at  
36 months, with titers comparable to those in women (90).  
A 2011 randomized, placebo-controlled double-blind trial 
of 4,065 boys age 16 to 26 across 18 countries showed 
promising efficacy of the quadrivalent vaccine in preventing 
external genital lesions. Observed efficacy in the intention-
to-treat population was 60.2% (95% CI: 45.8–78.6); 
efficacy in the per-protocol group was 83.8% (95% CI: 
61.2–94.4). PeIN was observed only in the placebo group. 
The trial showed similar adverse events data and time to 
seroconversion as previous reports (91). Immunogenicity 
of the quadrivalent vaccine has also been demonstrated in 
a Phase II clinical trial in men aged 27–45 in the U.S. and 
Mexico, comparable to levels seen in younger men (92). 

Current recommendations from the Centers for Disease 
Control’s Advisory Committee on Immunization Practices 
include routine HPV vaccination with either the bi- or 
quadrivalent vaccine in boys and girls age 11–12 years. Girls 
13–26 who have not been previously vaccinated should 
receive the vaccine, as well as boys 13–21. Males up to age 
26 who have sex with men or are immunocompromised 
should also be vaccinated. Vaccine schedule includes a 
single dose, followed by a second 1–2 months later and the 
final dose 6 months after that (93). The 9-valent vaccine 
was added to the recommendations in 2015 (94). Dosing 
schedules were also recently updated in late 2016. If 
vaccinated before age 15, two doses of the HPV vaccine are 
appropriate, the second dose 6–12 months following the 
first. After 15 years of age, the standard 3-dose regimen still 
applies (95). 

Increasing evidence and awareness of the link between 
HPV and various cancers, and the availability of a vaccine, 



797Translational Andrology and Urology, Vol 6, No 5 October 2017

Transl Androl Urol 2017;6(5):791-802tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

have made international vaccination programs more 
ubiquitous, including 18 countries (96). In the United States 
specifically, the most recent data available show that in 2015, 
28.1% of males received a full series of the HPV vaccine, 
compared to 41.9% of females and 34.9% of adolescents, 
overall (97). The trend has been steadily improving with 
each year (98) but more work is needed to augment these 
numbers and work toward eradicating HPV. This certainly 
serves to emphasize the importance of appropriate patient 
counseling and advocacy for ongoing research. 

Current therapies against HPV

Targeted therapies

While well-established treatment recommendations exist 
for penile cancer and its metastatic manifestations, HPV-
specific targeted therapies remain a promising area of active 
investigation. Unfortunately, therapeutic HPV vaccine 
research is lacking, but investigation of nanoparticles might 
possibly yield an effective drug delivery system to make 
this a reality (99,100). Otherwise, a majority of available 
research has been done in head and neck SCC. For example, 
HPV-positive HNSCCs have demonstrated improved 
prognosis over HPV-negative tumors (101) and even appear 
differently on CT imaging, based on texture (102). They 
are more radiosensitive (101), leading to the development 
of a multicenter phase II/III RCT investigating outcomes of 
lower radiation dose in HPV-positive tumors (103). 

Additionally, HPV-positive HNSCCs show markedly 
increased intratumoral immune cell infiltrate, as well as 
decreased Cox-2 and increased programmed cell death 
protein-1 (PD-1) mRNA expression (104). In fact, a 
study on mice suggested that the use of HPV vaccine to 
upregulate PD-1 expression acted in synergism with PD-1 
blockade to enhance antitumor efficacy (105). Furthermore, 
PD-1 and its ligand, programmed cell death ligand 1 
(PD-L1), are elevated in high risk-associated HPV CIN 
lesions and are associated with impaired cell-mediated  
immunity (106). Likewise, favorable response in metastatic 
cervical cancer has been demonstrated in early studies with 
use of HPV tumor-infiltrating T-cells, with persistence of 
clinical benefit at 1 month (107). Nivolumab, an anti-PD-1 
monoclonal antibody has shown improved outcomes in 
HNSCC treatment after platinum-based chemotherapy (108), 
and ipilimumab, a CTLA-4 inhibitor, is currently in clinical 
trials, given its success in melanoma. Another study showed 
downregulation of antigen presentation of HPV E7 peptides 

in HNSCC, suggesting a target for immunotherapy, as well as 
highlighting the goal of stimulating antigen presentation (109). 
Another study showed that HPV-16 E6 protein could be 
targeted by engineered T cells, another potential target for 
therapeutics (110).

Research specifically in penile cancer is limited, but 
expression of PD-L1 has been found to be higher in non-
high-risk HPV penile tumors, with low levels associated with 
absent lymph node metastases and better prognosis (111).  
A study of 148 penile SCCs showed increased HER3 
expres s ion  in  HPV-pos i t i ve  tumors  and  h igher 
phosphorylated EGFR in HPV-negative tumors (112). 
Interestingly, another study found low levels of miRNA-
146a, a downregulator of EGFR, in HPV-positive tumors, 
suggesting a mechanism of EGFR upregulation in HPV-
positive patients (113). Other studies have demonstrated 
aberrant DNA methylation (114), and differential miRNA 
and mRNA (115) levels based on whether penile tumors 
were HPV-negative or positive, yielding more potential 
targets. 

While there are several biomarkers under investigation, 
the majority of research is still in HPV-related cancers 
other than penile SCC. However, the potential is evident, 
and with time and more translational research, diagnostic 
and therapeutic targets will likely become available in the 
near future. 

Clinical trials

There are currently several clinical trials investigating 
targeted therapies for HPV-related cancers. These include 
anti-HPV T-cells (NCT02280811, NCT02379520, 
NCT02858310), a novel therapeutic vaccine in combination 
with platinum-based chemotherapy (NCT02526316), 
nivolumab versus combination therapy (NCT02488759) 
and an investigational drug (NCT01807546).

Summary

With increasing rates in our population, burden of HPV-
related pre-malignant lesions will continue to affect a great 
proportion of our population. Increased patient education 
along with prevention strategies such us condom use, 
hygienic measures, smoking cessation, and avoidance of 
chronic inflammatory states can have considerable impact 
on pathogenesis of pre-cancerous lesions of the penis. 
Although, the adoption of HPV vaccination has led to some 
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success in female HPV-related cancers, the results are yet 
to be elucidated in the male population. With vaccination 
programs aimed at adolescents and young adults, a decrease 
in the incidence of pre-malignant lesions and subsequent 
progression to penile cancer should be evident in the 
coming years. Longer prospective follow-up will be required 
to fully assess the benefit of widespread vaccine adoption in 
the male population. In the meantime, more translational 
research and collaboration is encouraged aiming to provide 
increased therapeutic options for a significantly morbid 
and rare disease with potentially preventive and curative 
pathways.
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