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Penile intraepithelial neoplasia (PeIN) is classified as human papillomavirus (HPV)- and non-HPV-related. This classification is
associated with distinct morphologic subtypes. The natural history and prognosis of PeIN subtypes are not well known. This study
aims to evaluate clinicopathological features, HPV status, and outcome of PeIN subtypes. Eighty-two lesions from 64 patients with
isolated PeIN were retrospectively reviewed. Mean age was 59 years. Lesions were multicentric in 34% of patients and affected
glans (33%), shaft (26%), and foreskin (20%). Histologically, 22% of patients had coexisting lesions, classified as hybrid and mixed.
HPV-related PeIN (97%) included basaloid (59%), warty (8%), warty-basaloid (8%), hybrid (19%) and mixed (3%) types. P16 and HPV
positivity occurred in 99% and 82% of lesions, respectively. HPV 16 was more common in basaloid PeIN. Multiple genotypes were
detected in 35%, more commonly in hybrid PeIN (P= 0.051). Positive margins occurred in 63% of excisions. PeIN recurred in 48% of
excisions and 30% of overall repeated procedures, and progression to invasive carcinoma occurred in 2%. At follow-up, 86% of
patients had no evidence of disease and 12% were alive with disease. Lichen sclerosus occurred in non-HPV and HPV-related PeIN
(100% and 47%).

In conclusion, HPV-related and, more specifically basaloid PeIN were the predominant types and preferentially associated with HPV
16. While PeIN had a high recurrence rate, there was a slow and infrequent progression to invasive or metastatic carcinoma with
multimodal treatments. Additional studies are needed to understand biology and natural history of PeIN.
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INTRODUCTION
Penile cancer is uncommon in the United States, with 2200 new
cases and an estimated 460 deaths in 20211. In North America and
Europe, penile cancer has a prevalence of 1 per 100,000, while the
annual global burden is estimated at 26,000 cases2. The
prevalence increases to 2–4 cases per 100,000 in Asia, Africa,
and Latin America due to increased risk factors [e.g., chronic
inflammation; penile trauma; lack of neonatal circumcision;
tobacco use; lichen sclerosus (LS); poor hygiene; and sexually
transmitted diseases, such as human papillomavirus (HPV) and
human immunodeficiency virus (HIV)]3. Two pathways have been
linked to the histogenesis of penile squamous cell carcinoma: an
HPV-dependent pathway (associated with the oncogenic effect of
the viral proteins E6 and E7 driving p16INK4a expression)4,5 and a
non-HPV-dependent pathway (associated with chronic inflamma-
tory conditions inducing immune dysregulation, such as phimosis,
chronic inflammation, and LS, or with HER/PTEN/Akt activation)6,7.

These pathways are associated with distinct morphologic features,
owing to classification in non-HPV and HPV-related penile
carcinoma8. The prevalence of HPV in penile carcinogenesis varies
according to the detection methods and use of fresh versus
paraffin-embedded tissue and is estimated to be 33–63% in
developed countries9–13.
Penile intraepithelial neoplasia (PeIN) is the putative histologic

precursor of penile squamous cell carcinoma8. PeIN is similarly
classified as non-HPV-related (differentiated) and HPV-related
(warty, basaloid, and warty-basaloid) subtypes8. Differentiated
PeIN is more frequent in countries with elevated penile cancer
incidence than warty and basaloid PeINs14. In a case series of 139
cases from Paraguay, PeIN was associated with invasive carcinoma
in 78% of cases15. Conversely, PeIN was more frequently isolated
in a National Cancer Institute Surveillance, Epidemiology, and End
Results (SEER) database study in the USA16. This discrepancy is
likely due to different geographic distribution of clinical and
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pathologic stages at presentation. Early and late-stage penile
cancer is typical of Northern and Tropical countries, respectively,
explaining the purported geographic variation17. PeIN and
adjacent invasive lesions usually have similar morphology:
differentiated PeIN is preferentially located in the foreskin and
associated with keratinizing squamous carcinoma, whereas warty
and basaloid variants are more likely to occur in the glans and in
conjunction with invasive warty, basaloid, and warty-basaloid
carcinomas15.
The natural history and prognostic significance of morphologic

PeIN subtypes are not well known. This study aims to evaluate
distribution, clinical and pathological features, HPV status, and
genotype prevalence in PeIN subtypes, emphasizing prognostic
significance and outcome in an American series.

MATERIAL AND METHODS
Patients
Specimens obtained from 64 patients from 2002 to 2019 were
retrospectively identified in the pathology database of the collaborating
institutions (University of Alabama at Birmingham, Johns Hopkins
University, and Vanderbilt University Medical Center). Cases with
concurrent invasive carcinoma or carcinoma identified on resection
immediately following the initial diagnostic procedure were excluded.
Most patients underwent repeated procedures over time, but only one
case per patient (index case) was re-reviewed for the study (typically the
specimen obtained when the patient initially presented at each
collaborating institution). Information regarding additional procedures
and margin status performed either before or after the index ase was
obtained from review of medical records. Five pathologists reviewed
one representative hematoxylin and eosin-stained slide for each
case (MSH, GAG, DFS, MJFN, and ALC) to confirm the histologic subtype
and evaluate the immunohistochemistry. Subtyping was performed
according to the World Health Organization 2016 classification8,18.
Lesion distribution was obtained from medical records or presence of
multiple involved biopsy sites. Unicentric PeIN was defined as one lesion
present in a single anatomic site. Multicentric lesions were defined as
multiple lesions separated by normal epithelium in the same anatomic
compartment or located in distant epithelial compartments13. In some
cases, multiple histologically heterogeneous variants coexisted in the same
specimen. Multiple coexisting HPV-related variants in the same speci-
men were defined as hybrid (e.g., a basaloid PeIN adjacent to or separated
from a warty-basaloid PeIN in the same specimen was classified as basaloid/
warty-basaloid). Coexisting HPV-related and non-HPV-related variants in the
same specimen were defined as mixed (e.g., a adjacent or separate basaloid
and differentiated PeIN was classified as basaloid/differentiated). In this
manuscript, “PeIN variant” (n= 64) will designate an isolated PeIN variant
(differentiated, basaloid, warty, warty-basaloid), while “PeIN lesions” (n= 82)
will describe coexisting lesions within the same specimen and encompass-
ing, e.g., a hybrid or mixed PeIN.
Disease recurrence was defined as recurrence in the same anatomic site

following clinical resolution after treatment or de-novo onset in a different
anatomic site. Disease persistence was defined as clinical or pathologic
persistence in the same anatomic location despite treatment. Disease
progression was defined as development of invasive carcinoma or
metastasis. Criteria for diagnosis of LS were previously described in a
study of 200 cases19.
The study was approved by the Institutional Review Board at Vanderbilt

University.

Immunohistochemistry
P16 immunohistochemistry was performed in all cases according to
manufacturer instructions on 5 μm sections using a Leica‐Bond immunos-
tainer (ENZ-ABS377-0100, Enzo Life Sciences, Farmingdale, NY, 1:100).
Antigen retrieval was performed at pH 9 for 10min. Immunostained slides
were counterstained with hematoxylin. P16 positivity was defined as a
continuous, en-bloc stain of atypical tumor cells, excluding parakeratotic or
keratotic regions.

HPV genotyping
Type-specific polymerase chain reaction bead-based multiplex genotyping
(TS-MPG) assays that combine multiplex polymerase chain reaction (PCR)

and bead-based Luminex technology (Luminex Corp., Austin, TX) was
performed in 56 cases, of which 40 yielded sufficient DNA, as previously
described20–23. Cases with multiple PeIN lesions were analyzed as a whole.
The multiplex type-specific polymerase chain reaction utilizes specific
primers for the detection of 19 probable/high-risk (HR) alpha-HPV types
(HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, and
82), and 2 low-risk (LR) alpha-HPV types (HPV 6, 11). Two primers for the

Table 1. Clinical characteristics of the patient cohort.

Characteristic N patients or
procedures

Value

Lesions (reviewed specimens only), n 64 82

Age (mean ± SD/median) 64 59 ± 14/59

Race, n (%) 46

Caucasian 36 (78)

African American 9 (20)

Asian 1 (2)

Site (reviewed specimens only), n (%) 64

Foreskin 13 (20)

Glans 21 (33)

Shaft 17 (26)

Shaft and glans 2 (3)

Shaft and foreskin 1 (2)

Glans and foreskin 2 (3)

Penis and scrotum 1 (2)

Penis and foreskin 1 (2)

Penis, NOS 6 (9)

Centricity (reviewed specimens only),
n (%)

53

Unicentric 35 (66)

Multicentric 18 (34)

Procedure (total repeated
procedures over time), n (%)

110

Biopsy 46 (42)

Excision 45 (40)

Mohs 3 (3)

Circumcision 4 (4)

Laser 1 (1)

Biopsy+ Laser 6 (5)

Excision+ Laser 1 (1)

Partial penectomy 4 (4)

Margin status (excisions only, n total
repeated procedures over time) (%)

57

Negative 19 (37)

Positive 33 (63)

Invasive Disease Progression, n (%) 42

Yes 1 (2)

No 41 (98)

Metastasis, n (%) 42

Yes 1 (2)

No 41 (98)

Follow up Time (months), median
(range)

42 23 (1–169)

Disease Status at Last Follow-up,
n (%)

42

NED 36 (86)

AWD 5 (12)

DOD 1 (2)

Lost to follow up 22 (34)

LTF lost to follow-up, AWD alive with disease, NED no evidence of disease,
DOD dead of disease.
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amplification of beta-globin were also added as a positive control to
ascertain the quality of the template DNA.

Statistical analysis
Categorical variables were described with relative frequencies and
percentages. Continuous variables were reported as mean (SD) and/or
median (range). Statistical significance was determined to be achieved
based on a nominal level of α= 0.05 (two-sided, where applicable).
Univariable logistic regression and Pearson’s χ-squared test were used to
evaluate the association between pathologic variables and PeIN subtypes.
Analysis of factors associated with disease outcomes was performed using
logistic regression. Specifically, we compared the odds of recurrence/
persistence between histology classifications (warty-basaloid/hybrid warty-
basaloid vs. basaloid), margin status (positive vs. negative), and focality
(multifocal vs. unifocal). For analyses involving more than one sample per
individuals, we used generalized estimating equations with a working
independence structure to account for within-subject correlation. Missing
data were addressed using multiple imputation via chained equations with
50 iterations; results were aggregated using Rubin’s rules24. Statistical
analysis was performed with Stata version 17 (StataCorp LLC, College
Station, Texas) or R version 4.1.0.

RESULTS
Clinical and pathologic characteristics
The clinical characteristics of the patient cohort are illustrated in
Table 1. Briefly, the average age was 59 ± 14, years and 10 of 46
(22%) patients were non-white. Lesions arose primarily in the
glans (21 of 64, 33%), shaft (17 of 64, 26%), and foreskin (13 of 64,
20%) and were multicentric in 18 of 53 (34%) patients with no
significant difference across PeIN variants (P= 0.85). Predisposing

factors were known in 43 patients, and included HIV (n= 9), lack
of circumcision (n= 2), balanitis (n= 1), balanitis and delayed
circumcision (n= 1), delayed circumcision (n= 1), buried penis
(n= 1), phimosis and buried penis (n= 1), and immunosuppres-
sion (n= 2). There were no predisposing factors in 25 patients.
Eighty-two lesions were identified in 64 patients. Basaloid (38,

59%) and hybrid (12, 19%) were the most common HPV-related
variants. Non-HPV-related (differentiated) PeIN was the least
common variant (3%). Multiple histologic lesions in the same
specimen were identified in 14 (22%) patients and included hybrid
(12, 19%) and mixed (2, 3%) PeIN. The most common hybrid
lesions were basaloid/warty (4 of 12, 33%) and basaloid/warty-
basaloid (3 of 12, 25%). Mixed lesions included papillary basaloid/
differentiated (1 of 2, 50%) and warty-basaloid/papillary basaloid/
differentiated PeIN (1 of 2, 50%) (Table 2, Figs. 1–3).
LS was identified in 37 of 78 (48%) HPV-related and 4 of 4

(100%) non-HPV-related PeIN lesions. LS was not associated with
any specific PeIN subtype (P= 0.14) (Table 3).

P16 immunohistochemistry and HPV genotyping
Seventy-seven of 78 HPV-related lesions were p16 positive
(99%). An exception was a p16 negative HR-HPV 16 positive
basaloid PeIN (Fig. 4 and Tables 2, 4). All non-HPV-related PeINs
(2 isolated differentiated PeINs, and two differentiated compo-
nents of mixed PeINs) were HPV negative (HPV-related vs. non-
HPV-related, P < 0.0001). HPV genotyping was performed in 56
of 64 cases. However, only 40 (71%), including two differen-
tiated cases, yielded sufficient housekeeping gene DNA. Thus,
the rate of HPV positivity within HPV-related PeIN variants was

Table 2. Pathologic characteristics of the patient cohort.

PeIN variant Multiple lesions
in complex PeIN

Total PeIN
variants
N (%)

Complex
PeIN
Multiple
lesions N (%)

Total
Lesions
N (%)

P16
positive
N. (%)

Total cases
with available
HPV testing
N (%)

HR-HPV
positive
N. (%)

LR-HPV
positive
N. (%)

Differentiated 2 (3) 2 0 (0) 2 (100) 0 0

Basaloid 36 (56) 36 35 (97) 22 (61) 19 (86) 0

Pap basaloid/
basaloid

2 (3) 4 4 (100) 1 (50) 1 (100) 0

Warty 5 (8) 5 5 (100) 3 (60) 1 (33) 0

WB 5 (8) 5 5 (100) 4 (80) 4 (100) 1*

Hybrid 12 (19)

Basaloid/warty 4 (34) 8 8 (100) 2 (16) 2 (100)

Basaloid/
flat warty

1 (8) 2 2 (100)

Basaloid/
warty, WB

1 (8) 3 3 (100) 1 (8) 0 (0)

Basaloid/WB 3 (25) 6 6 (100) 3 (25) 2 (67)

Papillary
basaloid/WB

2 (17) 4 4 (100) 1 (8) 1 (100)

Warty/WB 1 (8) 2 2 (100) 1(8) 1 (100)

Mixed 2 (3) 2 (17) 0 (0)

WB/papillary
basaloid/
differentiated

1 (50) 3 2

Papllary basaloid/
differentiated

1 (50) 2 1

Total PeIN
variants

64 40

Total lesions in
PeIN variants

82 77 NA 31 1*

*This patient was positive for both HR- and LR-HPV.
PeIN penile intraepithelial neoplasia, WB warty-basaloid, HR high risk, LR low risk, HPV human papilloma virus.
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31 of 38 (82%). P16 was positive in these cases, except for the
basaloid PeIN mentioned above. Among p16-positive HPV-
related PeIN, three basaloid, two warty, and two hybrid warty-
basaloid (basaloid/warty-basaloid; basaloid/warty/warty-basa-
loid) were HPV negative.
Genotypes included seven HR- (16, 18, 31, 35, 53, 56, and 73)

and one LR-HPV (11). HPV 16 (27 cases, 87%), and 18 (10 cases,
32%) were the most frequent genotypes. Single and multiple
genotypes were detected in 20 (65%) and 11 (35%) cases,
respectively. The HPV 16/18 combination was the most frequent (6
of 11, 54%). Pure basaloid PeIN was more likely to have one
genotype (16 of 20, 80%) compared to other variants (pure
basaloid vs. other, including warty, warty-basaloid, and hybrid
warty-basaloid, P= 0.01; pure basaloid vs. warty, P= 0.051).
Hybrid PeIN was more likely to have multiple genotypes (4 of 6,
67%), but this did not reach statistical significance (pure basaloid
vs. hybrid warty-basaloid, P= 0.051).
Among HPV-positive cases, HPV 16 and 18 were similarly

distributed in all PeIN variants (Table 4). Among warty PeINs, the
only HPV-positive case had HPV 18.
Two cases had isolated differentiated PeIN and were both HPV

and P16 negative.

Management, follow-up, and outcome
Follow-up was available in 42 of 64 patients (66%) (mean 37,
median 30, range 1–154 months). A total of 22 patients were lost
to follow up after the initial procedure. Overall, most patients (36
of 42, 86%) had no evidence of disease at last follow-up or were
alive with disease (5 of 42, 12%), while 1 patient (2%) died of
disease.
Management information after the initial diagnostic procedure

is illustrated in the Supplementary Table. In the overall cohort of
64 patients, regardless of the type of procedure, recurrences were
multiple and occurred despite repeated procedures (110 total
procedures). A second procedure was performed in 27 of 40 (67%)
patients with available information, a third in 13 of 25 (52%), and a
fourth in 6 of 12 (50%) patients. One patient received up to 9
procedures due to persistent disease and refusal of medical advice
for partial penectomy before he was lost to follow-up after seeking
a referral to another tertiary center. After the initial procedure, 15
of 40 (38%) patients recurred, while additional 12 of 40 (30%) had
persistent disease. Similarly, 11 (44%) and 3 (12%) of 25 patients
recurred or had persistent disease after the second procedure, 6
(50%) and 1 (8%) of 12 after the third procedure, and 1 (17%) and
2 of 6 (34%) after the fourth procedure, respectively. Thus, the

Fig. 1 Morphologic variants and p16 expression in PEIN. A, B Penile intraepithelial neoplasia (PeIN), basaloid variant, characterized by full-
thickness small, immature basaloid cells. P16 immunostain shows full-thickness positivity by immunohistochemistry (Magnification, X200). C, D
PeIN, warty variant. There is hyperparakeratosis and koilocytosis. P16 stain is positive. HR-HPV 16 and HPV73 were positive in this case
(Magnification, X200). E, F Differentiated PeIN with hyperkeratosis and parakeratosis, acanthosis, and basal atypia. p16 stain and HPV were
negative. Lichen sclerosus with homogenization of the subepithelial collagen band is present in the right side of the image (Magnification, X200).
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overall rate of recurrence and persistence episodes over time was
33 of 110 (30%) and 18 of 110 (16%), respectively, including a
patient who progressed to invasive disease.
Subset analysis of excision procedures, including repeated

procedures and excluding biopsies and isolated laser ablation,
showed that a total of 57 procedures were performed over time in
37 patients. Of these, 19 (37%) resulted in negative and 33 (63%)
in positive margins, while margins were not reported in 5.
Remission occurred in 15 of 19 (79%) patients with negative
margins, recurrence occurred in 4 (21%), patients and 1 patient
was lost to follow-up after surgery. Among repeated procedures
with positive margins, 14 (48%) resulted in recurrence, 6 (21%)
resulted in persistent disease, and 9 (31%) were followed by
remission, while in 4 cases follow-up was not available after
surgery. In a subset analysis of patients who received an excision
procedure, we did not have sufficient evidence that histologic
classification was associated with odds of recurrence/persistence
(OR= 2.50, 95% CI: [0.47, 13.3], P= 0.28). Positive margins (OR=
9.81, 95% CI: [2.38, 40.5], P= 0.002) and multifocality (OR= 4.28,
95% CI: [1.15, 16.0], P= 0.030) were associated with higher odds of
recurrence or persistence.
Fourteen patients were treated with topical treatment (7

fluorouracil (FU), 2 imiquimod, 1 imiquimoid, podophylin, and
FU, 1 FU and cryotherapy, 1 FU and imiquimod, 1 photoradiation,
and 1 liquid nitrogen). Imiquimod 5% was administered from daily
to twice weekly applications in cycles for up to one year.
Fluorouracil was administered as one application for 5 days a
week or every other day for 4–6 weeks, in some cases with
multiple repeated cycles. Two patients received two repeated
cycles with FU, 1 received a cycle with both FU and one with
imiquimod. Of total 17 cycles with FU or imiquimod, 8 were
followed by a subsequent procedure for a recurrence, while the
remaining 9 were followed by remission. Both patients receiving
radiation and liquid nitrogen did not experience recurrence or
persistent disease.
Disease progression occurred in 1 of 42 (2%) patients, a 54-year-

old Caucasian man, who initially underwent a local excision of a

hybrid warty-basaloid (basaloid and warty-basaloid PeIN) with
multiple positive margins, followed by treatment with topical
fluorouracil for 4–6 weeks. The patient was diagnosed with
biopsy-proven metastatic well-differentiated squamous cell carci-
noma to the left inguinal lymph nodes 16 months after diagnosis
and died from disease 32 months after diagnosis.

DISCUSSION
We found that PeIN recurrence occurred in 30% of overall
procedures despite multimodality treatment, while progression
occurred in 1 patient (2%) with a hybrid basaloid and warty-
basaloid morphology. This finding is noteworthy given the rate of
positive margins after excision procedures (63%), which in all
cases underwent additional repeated procedures or topical
treatment. The median age of 59 years at diagnosis is ten years
younger than that observed in invasive carcinoma cohorts,
estimated at 68–69 years25,26. However, younger age of onset
for invasive carcinoma has been reported in non-Hispanic Black
patients due to racial/ethnic disparities27. HPV-related PeIN was
most common in our North American series, likely due to the
lower prevalence of predisposing factors, such as phimosis, lack of
circumcision, and smoking. It is noteworthy that 9 of 22 patients
were HIV-positive in our cohort. Similar findings were described by
Soskin et al. in a French population, while no evidence of HIV
infection was detected in a Paraguayan cohort14. These findings
could be explained by the known association of HIV with HPV
infection28,29. Similarly, Soskin et al. described a predominance of
warty and basaloid PeIN in their French cohort and differentiated
PeIN with LS in their Paraguayan cohort (LS, 32 vs. 13%). In our
study, 100% of non-HPV-related and 47% of HPV-related PeINs
had LS. The high prevalence of LS in HPV-related PeIN in our study
is a novel finding. It is unclear whether this finding is associated
with our cohort’s epidemiologic characteristics or the biological
behavior of slow-progressing isolated PeIN.
A recent metanalysis of 71 studies from 1986 to 2017 showed a

HPV DNA and p16 positivity prevalence of 79.8% and 49.5% in

Fig. 2 Morphologic variants and p16 expression in PEIN. A PeIN, warty-basaloid variant. Warty features are present on the surface (B), while
basaloid features are seen in the lower layers (C). P16 stain spares the upper keratinizing layer (D). This lesion was positive for HR-HPV16
(Magnification, A and D, X100; B and C, X200).
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PeIN, respectively, with HPV 16 (69.8%), HPV 6 (18.4%), and HPV11
(6.8%) being the most common genotypes30. HPV genotypes are
associated with PeIN morphology. Fernández-Nestosa et al.
showed a greater HPV genotype variability in PeIN than in
invasive carcinoma with up to 18 genotypes detected by laser
capture microdissection-PCR. This variability was greater in warty
and multicentric PeIN with 11 different HR and LR genotypes
compared to basaloid and unicentric PeIN, usually associated with
a single genotype13. A bias in the study from Fernandez-Nestosa
et al. could be the elevated number of multicentric PeIN, making
comparison problematic. In our study, HPV DNA was identified in
82% of HPV-related PeIN and 84% of p16-positive PeINs. These
results reflect the literature findings, although our cohort had
more HPV 18 than HPV 11. Similar to Fernandez-Nestosa et al.13,
we found multiple genotypes, up to 8, in PeIN variants. Multiple
genotypes were more frequent in hybrid (67%) than basaloid PeIN
(20%) with a trend to statistical significance (P= 0.051), likely
reflecting the heterogeneous composition of hybrid PeIN.
Three p16-positive basaloid, 2 warty and 2 hybrid warty-

basaloid (basaloid/warty-basaloid; basaloid/warty/warty-basaloid)
PeINs were HPV negative. Housekeeping DNA was detected in
these HPV negative cases, indicating that the failure to detect viral
genome was not caused by poor-quality DNA or insufficient

template. Given the high sensitivity and specificity of type-specific
PCR bead-based multiplex genotyping with a detection limit for
HPV down to 10 copies of viral genome31, a possible explanation
for these findings includes a false positive p16 stain, which has
been reported in 5% of head and neck cancers32,33. In penile
carcinoma, a concordance of 84% between HR-HPV detected by
PCR and p16 immunohistochemistry has been reported34, similar
to our results. Alternatively, the focal nature of PeIN lesions with
scant residual lesional tissue available for this study could have
determined a false negative result. Conversely, 1 basaloid PeIN
with positive HR HPV 16 was negative for p16 (“mosaic” pattern).
This finding could represent true absence of p16 expression due
to an innocent bystander HPV infection, either caused by HPV
infecting tissue adjacent to and co-sampled with the tumor or by
virus integration and silencing, e.g., by promoter methylation or
gene deletion with no active gene transcription35. The p16INK4A/
cyclin D/Rb pathway can become disrupted due to allelic loss in
the p16 region and/or promoter hypermethylation36,37, and
inactivation of the tumor suppressor gene p16 due to genetic or
epigenetic alterations can be associated with the absence of p16
immunostaining5.
Our study shows that PeIN lesions are often multiple, as

previously reported13. In a previous study, warty/basaloid PeIN

Fig. 3 Morphologic variants and p16 expression in PEIN. A PeIN, hybrid warty-basaloid and basaloid (Magnification, X100). B Detail of the
surface warty features. C Detail of the lower layer basaloid features. D P16 positivity by immunohistochemistry is predominantly full thickness
with sparing of the upper keratinizing layer. E Basaloid PeIN was also present in this lesion, continuous with the warty-basaloid area. F P16
expression in the lower two-thirds of the epithelium. This lesion was HR-HPV16 and 18 positive (Magnification, X200).
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was more likely multifocal and heterogenous in 61% of cases,
whereas differentiated and basaloid variants were more com-
monly unicentric13. Similarly, Fernandez-Nestosa et al. also
reported a predominance of warty, followed by warty-basaloid
and basaloid PeIN in their cohort of 33 PeIN lesions from 8
patients, 6 of whom had multiple lesions38. These findings could
not be replicated in our study, where PeIN variants were equally
uni- or multicentric.
There are few studies evaluating outcomes in penile precancer-

ous lesions. A recent study from the Netherlands enrolled 380
patients with premalignant penile lesions. However, different
histological classification criteria were applied, using the vulvar

intraepithelial neoplasia grading system (PeIN I–III), and many
lesions in this study were preputial, making this study not
comparable with our series. The authors found disease progres-
sion in 26 patients, of whom 1 (2%) and 18 (7%) had grades I and
III, respectively39. Sudenga et al. prospectively evaluated 3033
patients to detect subclinical HPV conversion to external genital
lesions at 24-month follow-up. Among 1788 positive cases, 92
developed lesions (86 condylomas and 9 PeIN cases)40,41. In our
cohort cumulative recurrence rate over time was 30%. Progression
to invasive carcinoma was infrequent in our study and occurred in
1 of 42 patients in whom follow-up was available, despite the
presence of positive margins in 33 specimens out of 57 repeated

Table 3. Distribution of lichen sclerosus (LS) by PeIN lesion.

PeIN Type N Lesion Type LS Positive N (%) LS Negative N (%) Total P

HPV-Related 78 Basaloid 24 (31) 29 (37) 53 0.14

Warty 5 (6) 7 (9) 12

Warty-Basaloid 8 (10) 5 (6) 13

Non- HPV-Related 4 Differentiated 4 (100) 0 (0) 4

Total 82 41 (50) 41 (50) 82

Fig. 4 Unusual case pf basaloid PEIN with negative (“mosaic” pattern) p16 harboring HR-HPV. A Penile intraepithelial neoplasia (PeIN),
basaloid variant. High-risk (HR)-HPV16 was detected in this case. B High-risk (HR)-HPV16 was detected in this case, while p16 stain was patchy
(“mosaic”) by immunohistochemistry (Magnification, X200).

Table 4. HPV genotype distribution in HPV-related PeIN.

Genotype Basaloid N (%) Warty-Basaloid N (%) Warty N (%) Hybrid Warty-Basaloid N (%) Total

HR-HPV

16 14 (70) 2 (50) – 2 (33) 18

18 2 (10) – – – 2

31 – – – –

35 – – – –

53 – – – –

56 – – – –

Mixed

HR

16/18 2 (10) 1 (25) – 3 (50) 6

16/31 1 (5) – – – 1

16/53/56 1 (5) – – – 1

18/31 – – – 1 (17) 1

18/73 – – 1 (100) – 1

HR–LR

11/16/35/56 – 1 (25) – 1

Total 20 (100) 4 (100) 1 (100) 6 (100) 31

PeIN penile intraepithelial neoplasia, HR high risk, LR low risk, HPV human papilloma virus.
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procedures. Multiple treatment modalities were applied, more
frequently in those with positive margins, as expected. The
infrequent progression in the setting of frequent positive margins
suggests that PeIN may remain latent for many years or regress
spontaneously, and that some forms can be cured with various
topical or local treatments. Alternatively, isolated PeIN may
represent a unique entity, dissimilar from PeIN associated with
invasive carcinoma. Additional larger studies with molecular
characterization may provide insights into the pathogenesis,
biology, and natural history of PeIN.
Limitations of this study include its retrospective nature, the

limited cohort of differentiated PeIN, the lack of uniform patient
management and the limited follow-up available in some patients.
However, despite these limitations, this is the first multi-
institutional study in an American cohort evaluating the prog-
nostic outcome of subtypes of isolated PeIN.
In summary, PeIN occurs earlier than invasive squamous cell

carcinoma and most frequently as an HPV-related type in this
American series. The morphological features of HPV-dependent
PeIN are heterogeneous. Basaloid PeINs the most common variant
preferentially associated with one HPV genotype, usually HPV 16.
About a third of PeINs are multicentric, usually harboring multiples
HPV genotypes. PeIN appears to have a slow progression with
multimodal treatments. Disease recurred in 30% of overall
repeated procedures with an average time-to-recurrence of
10 months, highlighting the need for close clinical follow-up in
these patients. Due to the limited number of progression events,
we could not definitively establish an association between a
specific variant and disease progression; however, progression
occurred in a hybrid (basaloid and warty-basaloid) PeIN. The
relationship of LS with HPV-related PeIN and isolated PeIN needs
further investigation.
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