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Abstract
Background: There are no series evaluating penile squamous cell carcinoma 
(pSCC) based on human papillomavirus (HPV) infection. Herein, we present na-
tional registry data on clinical and survival outcomes for pSCC based on HPV 
status.
Methods: We performed a retrospective review of 1224 pSCC patients with 
known HPV staining from the National Cancer Database. Patients with cM1 dis-
ease, those who did not receive treatment, or had missing follow- up data were 
excluded. Logistic regression identified factors associated with locally aggressive 
disease. Univariable, multivariable, and inverse probability of treatment weight-
ing (IPTW)- Cox proportional hazard modeling were used to assess hazard ratios 
(HR) associated with overall survival (OS).
Results: After exclusion criteria, we identified 825 cases of which 321 (38.9%) 
were HPV positive. The HPV- positivity rate did not significantly change by 
year. HPV- positive patients were younger, had lower Charlson- Deyo perfor-
mance score, and resided in areas with both lower median household income 
and lower school education completion. HPV- positive tumors presented with 
lower American Joint Committee on Cancer clinical T- stage (cT), poorer differ-
entiation, lower rates of lymphovascular invasion (LVI), but more node- positive 
disease (cN+). For those who underwent lymph node surgery, there were no 
differences in final pathologic stage, upstaging, or presence of extranodal exten-
sion. Only tumor differentiation, LVI, and performance score were independent 
predictors for locally aggressive disease. HPV status was not a predictor of OS 
(IPTW- HR:0.89, p = 0.13).
Conclusions: In the largest series evaluating pSCC based on HPV status, 
HPV- positive tumors were associated with lower cT stages, less LVI, but more 
cN + disease. More studies on prognostic factors are needed, and time may still 
be immature to use HPV information for risk stratification.
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1  |  INTRODUCTION

Squamous cell carcinoma of the penis (pSCC) is a rare ma-
lignancy in Western nations.1– 4 The overall incidence in 
the United States (US) is approximately 0.69 per 100,000 
men and occurrence is associated with increasing age at 
diagnosis.5 The etiology of pSCC is multifactorial with 
well- recognized risk factors, including phimosis, smok-
ing, chronic irritation, socioeconomic status, immune re-
sponse, and human papillomavirus (HPV) infection.4,6,7 
Current epidemiologic factors and molecular pathways 
for pSCC continue to be investigated although disease- 
specific survival continues to be poor to this date.

Although there have been advances in the understand-
ing of penile carcinogenesis and tumor microenviron-
ment,8,9 the unique molecular mechanisms underlying 
pSCC remain poorly understood. At present, tumors are 
thought to arise from progression of precursor lesions aris-
ing from separate HPV- dependent and HPV- independent 
pathways.9– 11 While penile intraepithelial neoplasia 
(PeIN) is thought to be the precursor of SCC,12 only a 
small portion develop into invasive tumors with currently 
no established prognostic biomarkers identified to date.

Correct etiologic classification of penile lesions during 
diagnostic work- up has the potential to allow for indi-
vidual management and therapeutic decisions. The few 
published series worldwide have shown mixed results in 
survival of penile and other HPV- related cancers when 
compared to HPV- independent cohorts.13– 17 In the US, 
there have been no large studies evaluating prognostic 
differences of pSCC patients based on HPV status. We re-
viewed the proportion of HPV- derived penile tumors and 
their association with survival outcomes using the largest 
US- cancer registry cohort to date.

2  |  MATERIALS AND METHODS

2.1 | Data source

The National Cancer Database (NCDB) is a hospital- based 
cancer registry that collects high quality, de- identified, and 
internally appraised cancer data from more than 1500 US 
hospitals approved by the American College of Surgeons 
and the Commission on Cancer.18 The University of Arizona 
review board approval was not required for this study be-
cause the dataset is publicly available and de- identified.

2.2 | Study population

We performed a retrospective review of the NCDB for 
adults with previously untreated pSCC diagnosed be-
tween 2010 and 2015. HPV status was first recorded to 
NCDB coding in 2010. Squamous cell carcinoma was 
identified with International Classification of Diseases for 
Oncology, Third Edition (ICD- O- 3) histologic codes 8050– 
8084. ICD- O- 3 topographical codes in our cohort included 
C60.0- C60.2 and C60.8- C60.9. Patients with documented 
HPV (HPV -  16, HPV -  18, or high- risk HPV, NOS) were 
considered positive for HPV. Patients who did not receive 
treatment, those with cM1 disease, patients with missing 
follow- up or vital status, and those who were treated with 
palliative intent were excluded from analysis (Figure 1).

2.3 | Study variables

Covariates for the analysis included the following: treat-
ment year, age, race, ethnicity, Charlson- Deyo performance 
score, insurance status, treating facility type, hospital geo-
graphic region, and median income and education status 
by patient zip code. Clinical and pathologic staging data 
included tumor stage, differentiation, type of primary site 
surgery, surgical margin status, receipt of regional lymph 
node (LN) surgery, and presence of extranodal extension 
(ENE) or lymphovascular invasion (LVI). Only 16% of pa-
tients underwent LN dissection providing pN status only 
for that group. We used the clinical and pathologic stag-
ing defined in the seventh edition of the American Joint 
Committee on Cancer (AJCC) Staging Manual.19

2.4 | Statistical analysis

The primary end point was overall survival (OS) from 
the initial diagnosis to the date of death or censoring 
at the last follow- up. Descriptive statistics for clinical 
and socio- demographic characteristics were compared 
based on HPV status. Differences in proportions were 
derived using two- sample t- test for continuous vari-
ables and Fisher's exact test for categorical variables. 
Univariable and multivariable logistic regression was 
used to determine factors for aggressive disease defined 
as cT3- 4 and/or N+ disease. For the survival analy-
sis, we performed univariable and multivariable Cox 
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regression to determine the hazard ratio (HR) of OS 
between HPV- positive versus negative patients. The 
model accounted for differences in age, race, income, 
education, tumor size, grade, margin, type of primary 
site surgery, and receipt of LN surgery. In addition, we 
used inverse probability of treatment weighting (IPTW) 
in order to balance covariates and account for treatment 
differences between HPV- positive and negative patients 
in our survival model.20 All statistical analyses were 
conducted using SAS version 9.4 (SAS Institute Inc.).

3  |  RESULTS

3.1 | Patient characteristics

A total of 825 cases were identified of which 321 (38.9%) 
were HPV positive (HPV+). The median patient age was 
64 years (interquartile range [IQR], 53– 74). The median 
follow- up from diagnosis to last examination or death was 
29.9 months (14.8– 48.5). The demographic variables and 
the results of univariable analysis of the patient character-
istics are listed in Table 1. HPV + patients were younger, 
and resided in areas with lower median household in-
come and lower high school education completion.

3.2 | Tumor characteristics

HPV positivity non- significantly decreased from 47.1% 
in 2010 to 37.4% in 2015 (Cochran- Armitage p  =  0.56). 
(Figure 2). HPV + tumors presented with lower clinical 
T- stage (cT), poorer differentiation, and were less likely 
to demonstrate LVI. Patient with HPV + tumors also pre-
sented with more palpable adenopathy although not sta-
tistically significant. (Table 2).

3.3 | Lymphatic characteristics

Approximately 16% of patients underwent regional 
lymph node dissection (LND). There were no dif-
ferences in the median number of LNs examined: 17 
(8– 31) versus 16.5 (7.3– 26.5) for HPV- negative versus 
positive patients, respectively (p = 0.63). No differences 
were found in final pN stage, clinical to pathologic 
nodal upstaging, or presence of ENE (Table 3). Only 15 
patients received postoperative radiation with no im-
pact on survival.

3.4 | HPV not found to be a predictor for 
aggressive disease

Independent predictors associated with locally ad-
vanced disease (cT3- 4/N+) at initial diagnosis were 
tumor grade (moderately differentiated: odds ratio 
[OR], 4.29; 95%CI, 2.15– 8.56 and poorly differentiated: 
OR, 8.58; 95%CI, 3.97– 18.6), presence of LVI (OR, 4.05; 
95%CI, 1.52– 4.80), and Charlson- Deyo score of 1 (OR, 
2.01; 95%CI, 1.19– 3.39) (Table  4). HPV positivity was 
not an independent factor (OR, 0..95; 95%CI, 0.59– 1.53) 
in multivariable analysis.

3.5 | HPV not found to be a predictor for 
overall survival

HPV was not a significant factor in both univariable 
(HR, 0.85; 95%CI, 0.65– 1.11) and multivariable (HR, 
0.89; 95%CI, 0.67– 1.19) Cox regression models. In 
the IPTW- derived regression model, HPV was not a 
significant factor (HR, 0.89; 95%CI, 0.77– 1.03) in OS 
(Table 5).

F I G U R E  1  Flow diagram detailing 
patient inclusion and exclusion for 
determining the analysis group
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Variables HPV

p- valueN (%) or median (IQR) Negative Positive

Patients 504 (61.1) 321 (38.9)

Age (year) 64.77±14.86 60.08±15.13 <0.01

Race <0.01

White 421 (83.5) 254 (79.1)

Black 45 (8.9) 52 (16.2)

Other 32 (6.3) 11 (3.4)

Unknown 6 (1.2) 4 (1.2)

Ethnicity 0.27

Non- Hispanic 441 (87.5) 268 (83.5)

Hispanic 52 (10.3) 44 (13.7)

Unknown 11 (2.2) 9 (2.8)

Charlson- Deyo score 0.56

0 352 (69.8) 219 (68.2)

1 104 (20.6) 64 (19.9)

>1 48 (9.5) 38 (11.8)

Median household income by 
zip code

0.01

<$38,000 89 (17.7) 88 (27.5)

$38,000– 47,999 142 (28.2) 80 (25)

$48,000– 62,999 128 (25.4) 73 (22.8)

$63,000 or more 144 (28.6) 79 (24.7)

Facility type 0.99

Academic/research program 249 (52.4) 153 (52.4)

Community/comprehensive/
other

226 (47.6) 139 (47.6)

Rurality 0.88

Metropolitan 369 (76.6) 247 (77.9)

Suburban 61 (12.7) 39 (12.3)

Rural 52 (10.8) 31 (9.8)

Insurance 0.24

None 28 (5.6) 10 (3.1)

Private insurance 168 (33.3) 114 (35.5)

Medicare 243 (48.2) 143 (44.5)

Medicaid/Other government 54 (10.7) 45 (14)

Unknown 11 (2.2) 9 (2.8)

No high school degree by zip 
code

0.03

21% or more 89 (17.7) 76 (23.8)

13%– 20.9% 151 (30) 81 (25.3)

7%– 12.9% 144 (28.6) 105 (32.8)

<7% 119 (23.7) 58 (18.1)

Bold values indicate statistical significance.
Abbreviations: HPV, human papillomavirus.

T A B L E  1  Characteristics of overall 
cohort and factors associated with human 
papillomavirus status
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4  |  DISCUSSION

Penile carcinoma is a rare malignancy with SCC ac-
counting for approximately 95% of tumors.21 Patterns of 
lymphatic dissemination are well established with pro-
gression and treatment of local tumors having significant 
physical consequences. Although previous studies have 
focused on the incidence of HPV- associated cancers, very 
few have examined the impact of HPV on survival, and 
with most studies focusing on more prevalent malignan-
cies, such as cervical and oropharyngeal cancers.17,22 In 
the 6- year window of our study, we did not see an appreci-
able change over time on the HPV- positivity rate. In addi-
tion, HPV infection was not associated with more locally 
advanced features nor was it associated with detrimental 
survival outcomes.

While few population- based case- control studies have 
assessed the epidemiologic factors of penile tumors, our 
data are within the range of reported rates of HPV in 40%– 
50% of cases arising through epithelial transformations 
caused by HPV.10,23– 25 In our study, most HPV + tumors 
presented with lower cT stage and lower rates of LVI but 
paradoxically were also found to have poorer differenti-
ation and more palpable adenopathy. Our study showed 
HPV status to have only etiologic implications with no 
significant prognostic corollary. Using our results, the ad-
dition of HPV subclassification of primary tumors would 
not add further risk stratification information into our 
current AJCC staging system, given its lack of prognostic 
applications for disease management. Nevertheless, the 
US population may not provide an ideal cohort to provide 
such conclusions and robust studies from more informa-
tive geographical areas with higher incidence of penile 
cancer could deliver more granular data for our current 
understanding of pSCC biology, prognosis, and treatment.

HPV is a well- known risk factor for the development 
of cancers affecting the head and neck, cervix, anal canal, 

vulva, and penis.7,17,26 The molecular pathogenesis of 
HPV + penile tumors is thought to be similar to that of 
cervical cancer, for which infection with mucosal high- 
risk HPV genotypes is required.6,7,10,15 Infection causes 
expression of oncoproteins E6 and E7, which bind and 
inactivate tumor suppressors p53 and Rb respectively; and 
interfere with control of cell division and apoptosis.11,27,28 
Although the rates of HPV infections have been equally 
common in the cervix as in the penis,29 HPV- associated 
cervical cancer rates have been much greater than male 
counterparts.16,30 Nonetheless, given the success of the 
quadrivalent vaccine against HPV (types 6, 11, 16, and 18) 
on leading substantial decreases in HPV- associated pre- 
malignant lesions in both young and older women,31,32 
an argument for promoting vaccination, along with other 
educational and preventative strategies, may help de-
crease risk of likewise pre- malignant lesions for the male 
population.

Development of HPV- negative tumors is less well 
understood, but has been linked to p53 mutations, 
similar to vulvar carcinogenesis.11 These tumors arise 
from precursor PeIN lesions, usually in chronic in-
flammatory settings, such as lichen sclerosus or lichen 
planus.11,33 Inflammatory cells produce reactive oxy-
gen/nitrogen species which are involved in the devel-
opment and progression of several human cancers.34 
Other markers, such as programmed death ligand 1 
(PD- L1), have been found mostly in HPV- negative tu-
mors.8,35 Unlike HPV + tumors, these lack p16INK4A 
as a surrogate immunohistochemistry marker.9,11,36 
When considering all the available evidence, it is ap-
parent HPV- dependent and independent tumors arise 
from different molecular pathways, but genetic al-
terations from both lead to the disruption of related 
tumor- suppressing pathways. Ongoing phase II trials 
are underway using targeted therapy in rare solid tu-
mors, including PD- L1 + pSCC.

F I G U R E  2  Proportion of human 
papillomavirus positive and negative 
tumors by year
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The most important predictor of pSCC survival is the 
extent of lymph node metastases.25 As there are few ef-
fective therapies when regional disease is present, surgical 
resection remains the cornerstone of treatment for both 
primary tumors and lymphatic metastasis. In our subset 
of patients receiving LND, we found no differences in pN 
stage, rate of clinical upstaging, or presence of ENE based 
on HPV status. However, given the few number of patients 
and lack of high- risk features as well as the lack of clin-
ically relevant information inherent to registry studies, 
such as HPV assessment, extent and type of LND, cancer- 
specific survival, and use of perioperative therapies, our 

conclusions should be taken with caution until larger, 
prospective studies can be performed. In our cohort, only 
15 patients received adjuvant radiation therapy after LND 
so no further conclusions can be drawn about this thera-
peutic option. So far multimodal therapy in the form of 
radiotherapy or chemoradiotherapy has been studied in 
retrospective series. One study of 51 patients found ad-
juvant chemoradiotherapy and HPV  +  status improved 
locoregional control for pN  +  patients.37 Another large, 
multicenter study showed perioperative radiation to 
be more effective in patients with HPV  +  tumors with 
TP53 mutation thought to enhance radiosensitivity.38 
Prospective investigation of HPV  +  tumors treated with 
multimodal therapy is required to further delineate their 
roles in optimizing pSCC treatment.

Newer models of classification have separated sub-
types of pSCC into HPV and non- HPV related as they 
demonstrate morphological and prognostic differences.39 
Most recently, PeIN has been classified into differen-
tiated and undifferentiated according to HPV status. 
Undifferentiated/HPV- associated PeIN can be further 
subdivided into basaloid, warty, and warty- basaloid sub-
types, while differentiated PeIN is characterized by in-
volvement of the basal layers of epithelium by way of 
atypia, acanthosis, parakeratosis, and lichen sclerosus.40 
Recent TNM staging for other malignancies, such as head 
and neck have included subclassification based on HPV 
positivity due to associated improved survival when com-
pared non- HPV cases.41 One study of 171 patients has 
suggested a survival benefit for penile cancer patients in 
whom HPV DNA was found in the primary tumor,42 while 
another study of 82 patients revealed that only lymphatic 
embolization was related to HPV status with no difference 
in survival rates based on HPV distinction.43 Our registry 
study of 825 cases also indicates the lack of prognostic ap-
plications for further HPV subclassification of tumors, at 
least until available therapies are developed to target HPV- 
specific pathways with concomitant improved survival for 
these patients.

Although our results draw attention to the rate of 
HPV- derived penile tumors in the US, our study has im-
portant limitations. Firstly, the retrospective design re-
sulted in a notable selection bias for disease presentation 
owing to referral patterns which could have confounded 
our results. For instance, the database does not clearly 
detail how patients received radical surgery or regional 
LND, nor does it report reasons for specified therapies, 
functional and recurrence outcomes, or salvage treat-
ments. Although we limited analysis to high- risk types, 
due to the retrospective nature of the study, no central 
pathological review was available for insights into HPV 
serotyping. Likewise, HPV + patients were more likely 
to have lower stage disease, and thus perhaps a lower 

T A B L E  2  Clinical and postoperative outcomes based on 
human papillomavirus status

Variables HPV

p- valueN (%) Negative Positive

cT stage <0.01

T0/Ta/Tis 109 (21.6) 106 (33)

T1 189 (37.5) 82 (25.5)

T2 58 (11.5) 36 (11.2)

T3/T4 41 (8.1) 19 (5.9)

Tx 107 (21.2) 78 (24.3)

cN stage 0.75

N0 417 (83.2) 257 (80.8)

N1 15 (3) 12 (3.8)

N2 22 (4.4) 20 (6.3)

N3 14 (2.8) 8 (2.5)

Nx 33 (6.6) 21 (6.6)

Tumor grade <0.01

Well differentiated 123 (24.4) 51 (15.9)

Moderately 
differentiated

172 (34.1) 78 (24.3)

Poorly differentiated 69 (13.7) 48 (15)

Undifferentiated/not 
applicable

140 (27.8) 144 (44.9)

Primary site surgery 0.02

Local tumor treatment 199 (39.5) 165 (51.4)

Partial penectomy 209 (41.5) 109 (34)

Total/radical 
penectomy

77 (15.3) 30 (9.3)

Surgery, NOS 3 (0.6) 1 (0.3)

Regional lymph node 
surgery

84 (16.7) 48 (15) 0.04

Lymphovascular 
invasion

56 (11.1) 35 (10.9) 0.03

Surgical margin positive 56 (11.1) 41(12.8) <0.01

Bold values indicate statistical significance.
Abbreviations: cN, clinical node stage; cT, clinical tumor stage; HPV, human 
papillomavirus.
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disease burden overall, which may potentially present 
bias in interpretation. However, our observational study 
provides generalizable data in a real- world setting. Our 
retrospective study used IPTW to adjust for baseline 
characteristics (i.e., T- stage) which are potential con-
founders while assessing the effects of HPV on mor-
tality. While we controlled for tumor characteristics, 

demographics, and treatment differences, only full 
randomization can fully adjust for these factors. Lastly, 
the incidence data in the present study should not be 
translated directly into the national incidence because 
the denominator is not precisely defined within the 
NCDB. Nonetheless, our study has the largest cohort 
to date evaluating differences based on HPV status and 

T A B L E  3  Outcomes after lymph node surgery (n = 132)

Variables HPV

p- valueN (%) Negative Positive

pN stage 0.23

pN0 38 (46.9) 22 (46.8)

pN1 6 (7.4) 8 (17)

pN2 14 (17.3) 10 (21.3)

pN3 16 (19.8) 6 (12.8)

pNx 7 (8.6) 1 (2.1)

Extranodal extension 16 (19) 6 (12.5) 0.57

Postoperative radiation 10 (11.9) 5 (10.4) 0.74

Median number of nodes (IQR) 17 (8– 31) 16.5 (7.3– 26.5) 0.63

Abbreviations: HPV, human papillomavirus; IQR, interquartile range; pN, pathologic node stage.

Univariable Multivariable

OR (95%CI) p OR (95%CI) p

Age 1.00 (0.99– 1.02) 0.56 0.99 (0.98– 1.01) 0.34

Tumor grade (Ref: well differentiated)

Moderately 
differentiated

4.46 (2.29– 8.67) <0.01 4.29 (2.15– 8.56) <0.01

Poorly differentiated 8.90 (4.28– 18.5) <0.01 8.58 (3.97– 18.6) <0.01

Undifferentiated/
Anaplastic

0.64 (0.29– 1.42) 0.27 0.58 (0.25– 1.35) 0.206

LVI (Ref: not present)

Present 6.54 (3.82– 11.2) <0.01 4.05 (2.24– 7.33) <0.01

Unknown 1.52 (0.94– 2.45) 0.09 2.71 (1.52– 4.80) <0.01

Ethnicity (Ref: non- Hispanic)

Hispanic 1.06 (0.60– 1.89) 0.84 1.76 (0.91– 3.38) 0.09

Unknown 0.48 (0.11– 2.10) 0.33 0.83 (0.30– 11.7) 0.72

Race (Ref: White)

Black 1.55 (0.89– 2.68) 0.12 1.76 (0.91– 3.38) 0.09

Other 0.83 (0.33– 2.04) 0.68 0.83 (0.30– 2.33) 0.88

Charlson- Deyo score (Ref: 0)

1 1.83 (1.17– 2.86) <0.01 2.01 (1.19– 3.39) <0.01

2 0.78 (0.32– 1.92) 0.59 0.60 (0.23– 1.59) 0.30

≥3 1.48 (0.57– 3.83) 0.42 1.39 (0.43– 4.49) 0.59

HPV positivity 0.98 (0.66– 1.45) 0.90 0.95 (0.59– 1.53) 0.83

Bold values indicate statistical significance.
Abbreviations: CI, confidence interval; HPV, human papillomavirus; LVI, lymphovascular invasion; OR, 
odds ratio; Ref, reference.

T A B L E  4  Predictors for high- risk 
(cT3- 4/N+ disease) features (n = 132)
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covered a large proportion of the US population for an 
extremely, rare malignancy, such as pSCC.

In the era of precision medicine, there is increased 
interest in the use of targeted therapies given the poor 
responses of contemporary standard systemic therapies 
for advanced pSCC. Given the rarity of the disease, there 
continues to be immense need for multi- institutional col-
laboration. The recent creation of the Global Society of 
Rare Genitourinary Tumors provides hope for increased 
support and advocacy to develop the next generation of 
treatments for pSCC.44 A better understanding of the basic 
biology of penile cancer can help design future prospec-
tive trials and offer insights into potential precision medi-
cine approaches for this deadly disease.

5  |  CONCLUSION

Further classification of penile tumors according to HPV 
status did not correlate with disease or survival outcomes 
in a North American cohort of patients. Future studies 
evaluating HPV prevalence are necessary to assess its po-
tential effect as an actionable target of therapy or as part 
of prevention programs in the male population, such as 
vaccination. As far as the search for prognostic factors is 
concerned, time is still immature to use HPV information 
for risk stratification and more studies are required.
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