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Abstract
Background: Human Papillomavirus (HPV) infection is one of the most important causes of cancer. It can play a role
in cervical and extra-cervical cancers. Penile cancer is rare, even if an increasing trend was recently reported. Aim of
the present study was to assess the prevalence and distribution of HPV genotypes in cases of penile cancer diagnosed
in Sardinia, Italy. Surrogate markers of HPV infection (i.e., E6 and p16 genes) were also evaluated in all cases.
Methods: An observational, retrospective study which recruited all cases of penile cancer diagnosed between 2002
and 2019 at a tertiary care hospital in Sardinia, Italy, was carried out. HPV-DNA detection and genotyping were performed by Real-time PCR. Specimens were tested for oncogene E6 mRNA and for p16(INK4a) expression.
Results: HPV prevalence was 28.1% (9/32); HPV-16 was the most prevalent genotype (7/9, 77.8%). p16INK4a positivity was found in 66.7% of the samples with a statistically significant difference between HPV-positive and -negative
groups. E6-transcript was detected in 71% of the HPV-16 positive samples. The overall survival was not statistically
different between HPV-positives and -negatives.
Discussion: The present study confirms the etiologic role of HPV in penile cancer and supports the adoption of vaccination strategies in men and women. Further studies should clarify the diagnostic and prognostic role of E6 and p16
proteins.
Conclusion: HPV infection can favor the occurrence of penile cancer, whose diagnosis and prognosis could be
improved with the implementation of validated molecular techniques.
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Introduction
Human Papillomavirus (HPV) is one of the leading causes
of cancer, with ~ 690,000 new annual cases worldwide.
HPV vaccination and PAP-testing (i.e., Papanicolau test)
have significantly reduced the incidence of cervical carcinoma; however, an increasing trend of other HPV-related
cancers (e.g., anogenital and head and neck cancers) has
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been described worldwide. It has been estimated that
> 90%, > 50%, 77%, and 25% of anal, penile, vaginal, and
vulvar cancers are attributable to HPV, respectively [1].
Penile cancer is a rare disease in the general population, accounting for < 0.5% of all diagnosed cancers [2].
Several risk factors of penile cancer have been found,
including phimosis, poor hygiene, smoking, chronic genital inflammation, and sexually transmitted infections [3].
Several studies reported on HPV infection in more than
20% of penile cancer cases, suggesting a role of HPV in
penile carcinogenesis [4]. However, HPV detection in
patients with penile carcinoma significantly ranges from
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~ 1 to ~ 73: this wide variability could depend on population target, tumor stage, and HPV detection methods [4].
Malignancy is associated with an over-expression of
E6/E7 and p16 genes and, consequently, with a deregulation of the cell cycle through the inhibition of oncosuppressors p53 and pRb. However, those translational
findings were proved in studies on cervical cancer. The
identification of the mechanisms behind the occurrence
of penile cancer could provide key targets for prevention
and therapy.
Aim of the present study was to assess HPV prevalence
and genotype distribution in the Sardinian region, Italy.
Furthermore, the diagnostic and prognostic role of E6
and p16 proteins was evaluated in HPV infected men.

Methods
An observational, retrospective, single-center study was
carried out at a tertiary-care university hospital in Sassari, Italy. Patients diagnosed with penile cancer were retrospectively recruited from 2002 to 2019.
Samples of penile cancer were collected from the
archived formalin-fixed paraffin-embedded (FFPE) specimens: they underwent histopathology and p16 immunohistochemistry. In total, 10 consecutive sections of
3 µm were cut from FFPE blocks. Hematoxylin and
eosin stained sections were analyzed by two pathologists to confirm diagnosis and tumor staging, following the recommendations of the classification system of
the American Joint Committee on Cancer (AJCCC) [5].
Immunohistochemistry was performed for p16 on formalin-fixed paraffin-embedded tissue sections using the
kit CINtec p16 Histology (Ventana Medical Systems, Inc.
Tucson, AZ, USA), following the manufacturer’s protocol
[6].
Molecular analyses were carried out as reported in
another publication [7]. After deparaffinization, acid
nucleic extraction was performed using a commercially available extraction kit (AllPrep DNA/RNAFFPE
Kit, Qiagen, Hilden, Germany) in accordance with the
manufacturer’s instructions [8]. HPV-DNA detection
and genotyping was conducted using a multiplex polymerase chain reaction (PCR) using the commercial kit
AnyplexTM II HPV28 Detection (Seegene, Seoul, South
Korea) [9], which included 19 high (i.e.,16, 18, 26, 31, 33,
35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, and 82)
and 9 low-risk (i.e., 6, 11, 40, 42,43, 44, 54, 61, 70) HPV
genotypes.
HPV-16 positive samples were tested for E6-mRNA
by reverse transcriptase polymerase chain reaction (RTPCR), using a set of primers designed by Sotlar et al. [10]
for the U1-gene (forward5′-cagagctgcaaacaactatacatgat
ata-3′, reverse 5′-gttaatacacctcacgtcgcagta-3′) and for the
E6 transcript(forward 5′-gaagatcaagaaggatgagctaaaaa-3′,
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reverse 5′-tgggagaagatggcgtacag-3′).A cDNA synthesis
was carried out using a Quantitect Reverse Transcription
Kit(QIAGEN co. 205312) following the manufacturer’s
recommendations [11]. Qualitative real-time PCRwas
carried out using SYBR Green JumpStart TaqReadyMix
(Cat. Num. S9194. SIGMA-ALDRICH,St Louis, MO,
USA) [12]. Nuclease-free water and previously tested
HPV16-positive liquid-based cytology samples were
added in each experiment as negative and positive controls, respectively. Ethical approval was waived based on
the observational study design (not requested by the Italian law according to the GU No. 76 31/Mar/2008).
An ad hoc electronic form was prepared to collect
demographic, clinical, and epidemiological variables. The
following variables were retrieved from medical files: age,
year of diagnosis, comorbidities, histopathological classification, HPV-DNA positivity, HPV genotype, p16INK4a
and E6 proteins expression. Qualitative variables were
summarized with absolute and relative (percentages)
frequencies, whereas quantitative variables were summarized with means (standard deviations, SD). Student
t test was computed to detect statistical differences for
quantitative variables following abnormal distribution.
Chi-squared and Fisher exact test were computed to
assess differences for qualitative variables. Kaplan–Meier
survival analysis was performed to assess the mortality in different subgroups. A two-tailed p-value less than
0.05 was considered statistically significant. All statistical analyses were performed with the statistical software
STATA version 16 (StatsCorp, Texas, USA).

Results
Thirty-two cases of penile cancer were diagnosed
between 2002 and 2019. The mean (SD) age was 68 (11.6)
years (Table 1). All recruited cases were squamous cell
carcinoma (SCC), mainly localized in the glans (24/32,
75.0%); ~ 60% (19/32) and 25% (8/32) were well-and moderate differentiated, respectively.
HPV infection was diagnosed in 28.1% (9/32) samples.
HPV-16 was the most frequent genotype (7/9, 77.8%),
followed by HPV-56 (1/32, 3.1%), and HPV-35 (1/32,
3.1%). Only one patient had multiple infections, caused
by the genotypes HPV-16 and -35. No statistically significant differences were found for HPV infection and genotype distribution according to age and year of diagnosis.
Immunohistochemical staining for p16 protein was
positive in ~ 22% of specimens (7/32); 85.7% (6/7) of
them were HPV-DNA positive (p value: 0.01) (Fig. 1).
E6 transcript was found in 71.4% (5/7) of HPV-16 positive samples (Table 2).
43.8% (14/32) of patients died, with only 21.4% (3/14)
HPV-infected. However, no statistically significant
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Table 1 Epidemiological,
clinical,
characteristics of the study sample
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and

virologic

Mean age (SD), years

68.0 (11.6)

Age ≥ 55 years, n (%)

28/32 (87.5)

Married

13/17 (76.5)

Single

2/17 (11.8)

Widower

2/17 (11.8)

Civil status, n (%)

Occupational status, n (%)
Employed

7 (38.9)

Retired

11 (61.1)

Familiarity for carcinoma, n (%)

1/15 (6.7)

Suspected diagnosis of carcinoma, n (%)

23/24 (92.0)

Cancer diagnosed before 2010, n (%)

10.32 (31.3)

Anatomic site, n (%)
Glans

24/32 (75.0)

Penis

8/32 (25.0)

Histopathological results, n (%)
Squamous Cell Carcinoma

30/32 (93.8)

Hyperplasia

1/32 (3.1)

Fibrosis

1/32 (3.1)

Well differentiated, n (%)

19/32 (59.4)

Moderately differentiated, n (%)

8/32 (25.0)

Poorly differentiated, n (%)

5/32 (15.6)

Histopathological grading (AJCC), n (%)
G1

19/32 (59.4)

G2

8/32 (25.0)

G3

5/32 (15.6)

Primary tumor (T) (AJCC), n (%)
Tis

3/32 (9.4)

T1

18/32 (56.3)

T1a

2/32 (6.3)

T1b

1/32 (3.1)

T2

1/32 (3.1)

T3

4/32 (12.5)

NC

3/32 (9.4)

HPV positivity, n (%)

9/32 (28.1)

HPV-16

7/32 (21.9)

HPV-56

2/32 (6.3)

HPV-35

1/32 (3.1)

p-16 immunohistochemistry positivity, n (%)

7/32 (21.9)

E6 gene positivity, n (%)

5/7 (71.4)

Outcome, died

14/32 (43.8)

*

Denominators of the collected variables can change based on the available
information retrieved from the medical files

differences were observed for the outcome mortality
between HPV-positives and -negatives (Fig. 2).
A higher risk of death was found for poorly o moderately differentiated (G2, G3) cases (OR: 6.3, 95% CI: 1.3–
30.0; p value: 0.02) (Table 3).

A total of fourteen patients showed comorbidities
(i.e., 18 medical conditions). The most prevalent comorbidities were inguinal lymph node metastasis (4/18,
22.2%), colic adenoma (3/18, 16.7%), pulmonary metastasis (2/18, 11.1%), and squamous cell carcinoma (2/18,
11.1%). Three samples (i.e., two inguinal lymph node
metastasis and one pulmonary metastasis) were HPV-16
and E6 transcript positive in two patients (2/14, 14.3%)
who showed HPV-positive penile samples.

Discussion
To the best of our knowledge, this is the first study on
HPV infection in patients with penile cancer carried out
in Sardinia, Italy. Furthermore, the present study evaluated the diagnostic and prognostic role of E6 and p16
proteins in patients with HPV-related cancer.
The HPV prevalence in patients with penile cancer was
28.1%, with HPV-16 being the most prevalent genotype,
as previously described in cervical and extra-cervical
HPV-associated cancers [7, 13].
A recent systematic review carried out by Olesen et al.
recruiting 4000 patients with penile cancer [14] reported
on a HPV infection prevalence ranging from 11.6 to 100%
(mean prevalence: ~ 50%). In contrast, Alemany et al.
found an HPV-positivity of 33% in cases of penile cancers
and 87% in high-grade squamous intraepithelial lesions
(HGSILs) [15]. These epidemiological results show the
wide variability of prevalence estimates reported in HPVrelated cancers; it is unclear if this epidemiological heterogeneity depends on recruited populations, histological
classification, or HPV detection methods.
The p16 immunohistochemistryshowed a positivity
of 22% with a statistically significant difference between
HPV-positive and -negative cases: this finding could
suggest its potential adoption for the diagnosis of HPV
infection in patients with penile cancer [16]. Only one
p16-positive case was HPV-DNA negative, which could
be explained by the infection caused by one genotype not
included in the molecular panel we used. Although the
agreement among HPV-DNA, p16, and E6 was good, we
would suggest the adoption of at least two methods to
increase the diagnostic accuracy.
No statistically significant differences were found
between HPV-positive and -negative groups when we
compared epidemiological and clinical variables. The
poor sample size could not potentially help assess differences which occur in the population. However, our data
confirmed that the SCC is the most frequent histological
subtype, mainly in persons aged ≥ 55 years [17].
It is scientifically unclear a better prognosis has been
found in HPV-positive cases [18]. However, we did not
find any statistically significant differences in terms of
survival between HPV-positives and -negatives.
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Fig. 1 Immunohistochemical staining for p16 in HPV-positive and -negative sample

Table 2 Comparison of demographic, epidemiological and clinical variables between positive and negative HPV patients
HPV negativity

HPV positivity

P value

Mean age (SD), years

69.6 (10.6)

64.1 (13.7)

0.24

Age ≥ 55 years, n (%)

21/23 (91.3)

7/9 (77.8)

0.56
0.34

Civil status, n (%)
Married

8/12 (66.7)

5/5 (100.0)

Single

2/12 (16.7)

0/5 (0.0)

Widower

2/12 (16.7)

0/5 (0.0)

Occupational status, n (%)
Employed

5/12 (41.7)

2/6 (33.3)

Retired

7/12 (58.3)

4/6 (66.7)

0.73

Familiarity for carcinoma, n (%)

1/11 (9.1)

0/4 (0.0)

1.0

Suspected diagnosis of carcinoma, n (%)

16/17 (94.1)

7/8 (87.5)

1.0

Cancer diagnosed before 2010, n (%)

7/23 (30.4)

3/9 (33.3)

1.0

Anatomic site, n (%)
Glans

18/23 (78.3)

6/9 (66.7)

1.0

Penis

5/23 (21.7)

3/9 (33.3)

1.0
0.07

Histopathological results, n (%)
Squamous Cell Carcinoma

23/23 (100.0)

7/9 (77.8)

Hyperplasia

0/23 (0.0)

1/9 (11.1)

Fibrosis

0/23 (0.0)

0/9 (0.0)

Well differentiated, n (%)

15/23 (65.2)

4/9 (44.4)

0.43

Moderately differentiated, n (%)

6/23 (26.1)

2/9 (22.2)

1.0

Poorly differentiated, n (%)

2/23 (8.7)

3/9 (33.3)

0.12
0.25

Histopathological grading (AJCC), n (%)
G1

15/23 (65.2)

4/9 (44.4)

G2

6/23 (26.1)

2/9 (22.2)

G3

2/23 (8.7)

3/9 (33.3)

Primary tumour (T) (AJCC), n (%)
Tis

2/23 (8.7)

1/9 (11.1)

T1

13/23 (56.5)

5/9 (55.6)

T1a

2/23 (8.7)

0/9 (0.0)

T1b

1/23 (4.4)

0/9 (0.0)

T2

1/23 (4.4)

0/9 (0.0)

T3

3/23 (13.0)

1/9 (11.1)

0.83

NC

1/23 (4.4)

2/9 (22.2)

p-16 immunohistochemistry positivity, n (%)

1/23 (4.4)

6/9 (66.7)

0.001

E6 gene positivity, n (%)

0/0 (0.0)

5/7 (71.4)

–

Outcome, died

11/23 (47.8)

3/9 (33.3)

0.69
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Fig. 2 Overall survival for HPV-positive and -negative patients

Table 3 Logistic
regression
analysis
to
assess
the relationship between demographic, epidemiological
and clinical variables and mortality
OR (95% CI)

p value

Age, years

1.0 (0.9–1.1)

0.99

Age ≥ 55 years

0.2 (0.0–2.4)

0.21

Married

0.6 (0.1–6.0)

0.68

Employed

1.6 (0.2–10.8)

0.63

Anatomic site, Penis

0.3 (0.1–1-2.0)

0.23

Squamous Cell Carcinoma

0.8 (0.0–13.4)

0.85

Well differentiated, n (%)

0.2 (0.0–0.8)

0.02

Moderately differentiated, n (%)

2.8 (0.5–14.5)

0.23

Poorly differentiated, n (%)

6.8 (0.7–69.6)

0.11

Histopathological grading 2–3

6.3 (1.3–30.0)

0.02

HPV positivity, n (%)

0.6 (0.1–2.7)

0.46

HPV-16

1.0 (0.2–5.2)

0.96

HPV-56

1.3 (0.1–22.9)

0.85

HPV-35

–

p-16 immunohistochemistry positivity, n (%)

1.0 (0.2–5.2)

–
0.96

It is confirmed a high risk of secondary lesions, mainly
inguinal and pelvic lymphnode metastasis, whereas only
in 1–10% of the cases other anatomic sites are affected
[19]. A striking finding was the HPV-16 positivity in
metastatic specimens of two patients, who developed
metastasis in inguinal lymphnodes and in the lungs. All
specimens were positive for the same genotype detected

in the primary tumor. Our results could suggest a role
of HPV in the occurrence of secondary malignancies
through the lymphatic circulation, as reported by several authors [20, 21], as well as a higher risk of secondary
malignancies in patients with HPV-positive lymph node
metastasis, regardless their gender [20].
Although our study has described for the first time the
etiologic role of HPV in penile cancer in an Italian region,
some limitations should be highlighted. First, the small
sample size could be associated with the absence of statistically significant differences and associations between
the collected epidemiological variables and HPV infection. Moreover, missing demographic and clinical data
linked to the retrospective nature of the study did not
provide a comprehensive picture. The lower prevalence
of E6 transcript-positive cases, if compared with HPVDNA positivity, could be partially explain by the RNA
degradation often reported in FFPE samples; fresh samples can be used in future studies to assess the diagnostic and prognostic role of those molecular markers in
HPV-related medical conditions. Furthermore, we could
not assess the effectiveness of therapies prescribed the
attending physicians.

Conclusions
Our study, the first of its kind in the Sardinian
region, confirms the role played by HPV in the etiology of penile cancer. Moreover, the diagnostic and
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prognostic role of E6 and p16 proteins should be further investigated in larger studies. The implementation and scale-up of primary preventive strategies (i.e.,
HPV vaccination) in men and women could rapidly
decrease the national burden of HPV-related diseases.
Moreover, further studies are needed to assess the
role of HPV infection in secondary malignancies and
the potential therapeutic role of HPV vaccines in the
reduction of the risk of recurrence. Larger multicenter
studies and standardization of molecular methods
could be useful to validate the diagnostic and prognostic process of biomarkers in cases of penile cancers.

Page 6 of 6

4.
5.
6.
7.

8.

9.
Abbreviations
AJCCC: American Joint Committee on Cancer; FFPE: Formalin-fixed paraffin
embedded; HPV: Human Papilloma Virus; SCC: Squamous cell carcinoma; SD:
Standard deviation.

10.

Acknowledgements
Not applicable.

11.

Authors’ contributions
All Authors contributed to the study design and the preparation of the
manuscript.
Funding
No funds were provided for this study.

12.

Availability of data and materials
Dataset is available in case it is requested for motivated reasons.

13.

Ethics approval and consent to participate
It is waived being not requested by the Italian law a mandatory ethical
approval for observational retrospective studies (GU No. 76 31/Mar/2008).

14.

Consent to publication.
Not applicable.

15.
16.

Competing interests
The authors declare that they have no conflict of interest.
Author details
1
Department of Medical, Surgical and Experimental Sciences, University
of Sassari, Via Padre Manzella, 4, 07100 Sassari, Italy. 2 Department of Biomedical Sciences, University of Sassari, 07100 Sassari, Italy. 3 Department of Medicine and Surgery, University of Milano-Bicocca, 20900 Monza, Italy.

17.

Received: 26 August 2020 Accepted: 30 September 2020

18.
19.

References
1. de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of
cancer attributable to infections in 2018: a worldwide incidence analysis.
Lancet Glob Health. 2020;8(2):e180–90.
2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, and Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: A Cancer J Clin. 2018;68:
394–424
3. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans
Biological Agents: A Review of Human Carcinogens, vol 100B International Agency for Research on Cancer, Lyon, France (2009)

20.
21.

Dunne EF, Nielson CM, Stone KM, Markowitz LE, Giuliano AR. Prevalence
of HPV infection among men: a systematic review of the literature. J
InfectDis. 2006;194:1044–57.
The American Joint Committee on Cancer. AJCC Cancer Staging Manual,
8th ed.; Springer: Cham, 2018
CINtec®Histology (50-test). Available online: http://reagent-catalog.roche
.com/product/1875?type=2406. Accessed on 20 July 20120
Muresu N, Sotgiu G, Saderi L, Sechi I, Cossu A, Marras V, Meloni M, Martinelli M, Cocuzza C, Tanda F, Piana A. Distribution of HPV genotypes in
patients with a diagnosis of anal cancer in an Italian region. Int J Environ
Res Public Health. 2020;17:4516.
AllPrep DNA/RNA FFPE Kit. For simultaneous purification of genomic
DNA and total RNA (including small RNAs) from formalin-fixed, paraffinembedded tissue sections. Available online: https://www.qiagen.com/
it/products/discovery-and-translational-research/dna-rna-purifi cation/
multianalyte-and-virus/allprep-dnarna-ffpe-kit/#orderinginformation.
Accessed on 31 July 2019
Anyplex™ II HPV28 Detection. Manual. Available online: http://www.
arrowdiagnostics.it/download/microbiologia/papillomavirus/Anyplex-IIHPV28-Detection.pdf. Accessed on 20 July 2020
Sotlar K, Selinka HC, Menton M, Kandolf R, Bültmann B. Detection of
human papillomavirus type 16E6/E7 oncogene transcripts in dysplastic
and non dysplastic cervical scrapes by nested RT-PCR. Gynecol Oncol.
1998;69:114–21.
QuantiTect Reverse Transcription Kit. For fast cDNA Synthesis Enabling
Sensitive Real-Time Two-StepRT-PCR for Gene Expression Analysis. Available online: https://www.qiagen.com/it/products/discovery-andtransla
tional-research/pcr-qpcr/real-time-pcr-enzymes-and-kits/reverse-trans
cription-cdna-synthesisqpcr/quantitect-reverse-transcription-kit/#order
inginformation. Accessed on 21 July 2020
SYBR ®Jump StartTM Taq ReadyMixTM Product Information. Available
online: https://www.sigmaaldrich.com/content/dam/sigmaaldrich/docs/
Sigma/Bulletin/s4438bul.pdf. Accessed on 21 July 2020
Martinelli M, Villa C, Sotgiu G, et al. Analysis of Human Papillomavirus
(HPV) 16 Variants Associated with Cervical Infection in Italian Women. Int
J Environ Res Public Health. 2020;17(1):306. Published 2020 Jan 1
Olesen TB, Sand FL, Rasmussen CL, Albieri V, GrønkærToft B, Norrild B,
Munk C, KrügerKjær S. Prevalence of human papillomavirus DNA and
p16INK4a in penile cancer and penile intraepithelial neoplasia: a systematic review and meta-analysis. Lancet Oncol. 2019;20:145–58.
Alemany L, Cubilla A, Halec G, et al. Role of human papillomavirus in
penile carcinomas worldwide. Eur Urol. 2016;69(5):953–61.
Sand FL, Rasmussen CL, Frederiksen MH, Andersen KK, Kjaer SK. Prognostic significance of HPV and p16 status in men diagnosed with penile cancer: a systematic review and meta-analysis. Cancer Epidemiol Biomarkers
Prev. 2018;27(10):1123–32.
Zhang J, Zhang H, Xiu Y, Cheng H, Gu M, Song N. Prognostic Significance
of P16INK4a Expression in Penile Squamous Cell Carcinoma: a metaanalysis with trial sequential analysis. Biomed Res Int. 2018; 2018:8345893.
Published 2018 Jul 19; Cancer.net available at: https://www.cancer.net/
cancer-types/penile-cancer/risk-factors-and-prevention, Last access: 9th
July 2020
Lont AP, Kroon BK, Horenblas S, et al. Presence of high-risk human papillomavirus DNA in penile carcinoma predicts favorable outcome in survival.
Int J Cancer. 2006;119(5):1078–81.
Pow-Sang MR, Ferreira U, Pow-Sang JM, Nardi AC, Destefano V. Epidemiology and natural history of penile cancer. Urology. 2010;76(2 Suppl
1):S2–6.
Lee YS, Rhim CC, Lee HN, Lee KH, Park JS, Namkoong SE. HPV status in
sentinel nodes might be a prognostic factor in cervical cancer. Gynecol
Oncol. 2007;105:351–7.
Suk R. Trends in risks for second primary cancers associated with index
human papillomavirus–associated cancers. JAMA Network Open. 2018;
1(5):e181999

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

