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Abstract: Most human papillomavirus (HPV)-independent penile
squamous cell carcinomas (PSCCs) originate from an intra-
epithelial precursor called differentiated penile intraepithelial
neoplasia, characterized by atypia limited to the basal layer with
marked superficial maturation. Previous studies in vulvar cancer,
which has a similar dual etiopathogenesis, have shown that about
one fifth of HPV-independent precursors are morphologically
indistinguishable from high-grade squamous intraepithelial le-
sions (HSILs), the precursor of HPV-asssociated carcinomas.
However, such lesions have not been described in PSCC. From
2000 to 2021, 55 surgical specimens of PSCC were identified.
In all cases, thorough morphologic evaluation, HPV DNA
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detection, and p16, p53, and Ki-67 immunohistochemical (IHC)
staining was performed. HPV-independent status was assigned
based on both negative results for pl6 IHC and HPV DNA.
Thirty-six of the 55 PSCC (65%) were HPV-independent. An
intraepithelial precursor was identified in 26/36 cases (72%). Five
of them (19%) had basaloid features, morphologically indis-
tinguishable from HPV-associated HSIL. The median age of the
5 patients was 74 years (range: 67 to 83y). All 5 cases were pl6
and DNA HPV-negative. Immunohistochemically, 3 cases
showed an abnormal p53 pattern, and 2 showed wild-type p53
staining. The associated invasive carcinoma was basaloid in 4
cases and the usual (keratinizing) type in 1. In conclusion, a small
proportion of HPV-independent PSCC may arise on adjacent
intraepithelial lesions morphologically identical to HPV-
associated HSIL. This unusual histologic pattern has not been
previously characterized in detail in PSCC. p16 IHC is a valuable
tool to identify these lesions and differentiate them from HPV-
associated HSIL.

Key Words: penile cancer, differentiated penile intraepithelial
neoplasia, p53, pl6, HPV

(Am J Surg Pathol 2022;46:1071-1077)

Penile cancer is a rare malignancy,! and penile squamous
cell carcinomas (PSCCs) represent >90% of the malig-
nancies of this organ. Classically, PSCC had been subclassified
based on its histologic features.>> Growing evidence showing
that PSCC may arise following 2 distinct etiopathogenic
pathways, one associated with human papillomavirus (HPV)
and a second independent of HPV* has led to a significant
switch in the classification of these tumors, which in the last
revision of the World Health Organization (WHO) are pri-
marily subclassified according to their association or not with
HPV.> Significant epidemiological differences have been
identified between these 2 main types of PSCC, with HPV-
associated neoplasms usually arising in men with a history of
smoking habit and multiple sexual partners,® while the HPV-
independent tumors are frequently associated with chronic
inflammatory conditions, lichen sclerosus, and phimosis.!
However, unlike other anatomic sites with HPV-associated
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and HPV-independent cancers, in which the former have
consistently shown to have a better prognosis than the latter,’
it is still unclear whether this prognostic implication also ap-
plies to PSCC.3? Recently, a few studies have shown a trend
towards longer disease-free survival in patients with HPV-as-
sociated PSCC.10:11

Similar to vulvar squamous cell carcinomas,'? the ma-
jority of PSCC develop from premalignant lesions generically
named penile intraepithelial neoplasia (PeIN).!3 Remarkably,
each etiopathogenic type is associated with a type of PeIN
lesion with specific morphologic features. The PeIN lesion on
which HPV-associated PSCC develop was previously known
as Bowenoid or undifferentiated PeIN, and after the launch in
2012 of the lower anogenital squamous terminology is also
referred to as penile high-grade squamous intraepithelial lesion
(HSIL).!# Penile HSILs are etiologically and morphologically
identical to the HSIL of the vulva, uterine cervix, or anus and
typically show basaloid or warty features, with obvious ar-
chitectural and cytologic disarray involving the whole thick-
ness of the epithelium.!3 Characteristically, penile HSIL and
HPV-associated PSCC show pl6 overexpression!> resulting in
“block-type” immunohistochemical (IHC) staining and wild-
type pattern of p53 IHC expression. The PeIN lesion on which
HPV-independent PSCC originate is called simplex or differ-
entiated penile intraepithelial neoplasia (dPeIN), a lesion that
has marked similarities with differentiated vulvar intra-
epithelial neoplasia (dVIN), the precursor of HPV-independent
vulvar squamous cell carcinoma.'® Both dPeIN and dVIN are
characterized by acanthosis, prominent intercellular bridges,
large keratinocytes, and atypia limited to the basal layer with
marked maturation in the superficial layers of the
epithelium.'®!7 Presence of inflammatory conditions, such as
lichen sclerosus and lichen simplex chronicus, is also frequently
associated with dPeIN.!” dPeIN is typically negative for p16,
and about half of them show abnormal p53 THC expression,'®
similarly to dVIN.!?

Our group described in 2009 an unusual morpho-
logic variant of dVIN that mimicked HSIL.?® Recent
studies have shown that this variant accounts for about
one fifth of the precursors of HPV-independent vulvar
squamous cell carcinomas.?! In the penis, a few studies
have occasionally briefly mentioned PeIN lesions showing
mixed differentiated and basaloid or differentiated and
warty features.!”?>23 However, this HSIL-like pattern of
dPeIN has not been thoroughly characterized in terms of
HPYV testing and pl6 and p53 IHC staining patterns. In
this study, we aimed to describe, in a series of well-
characterized HPV-independent PSCC (negative for HPV
DNA and pl6), the prevalence and the histologic features
of dPeIN with HSIL-like morphology, a lesion that can be
easily misdiagnosed as HPV-associated penile HSIL.

MATERIALS AND METHODS

Case Selection and Histologic Evaluation of the
Invasive Carcinoma

A computer-based search was conducted on the
pathology database of the Hospital Clinic of Barcelona to
retrieve all patients surgically treated of PSCC from
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January 1, 2000, through December 31, 2021. Two expert
pathologists (I.LR.-C. and I.T.) and 1 trainee (J.G.) re-
viewed all the available slides. Five to 34 slides were
available per case for revision (mean: 12 slides). Mor-
phologic evaluation was performed on hematoxylin and
eosin glass slides. The histologic subtype of PSCC was
established following the WHO 2016 classification.?*
Histologic evaluation was blind to IHC and HPV DNA
detection results.

Clinical variables, including treatment and outcome,
were collected from the medical records. The TNM stag-
ing was performed according to the eighth edition of the
American Joint Committee on Cancer/Union for Inter-
national Cancer Control (AJCC/UICC) staging manual.??
All samples and data were used in accordance with the
ethical standards of 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study
protocol was approved by the Institutional Review Board
of the Hospital Clinic of Barcelona (Protocol code
HCB.2020.1207).

Histologic Evaluation of the Adjacent Skin

The skin adjacent to the invasive carcinoma was
carefully evaluated in search of (1) associated premalig-
nant (PeIN) and (2) inflammatory lesions. One to 15 slides
with adjacent skin were available per case for revision
(median: 5 slides). Following the criteria of WHO 2016
classification,?* PeIN were further classified based on pure
morphologic criteria as dPeIN (HPV-independent PeIN)
and HSIL (HPV-associated PeIN). A distance of at least
I cm away from the invasive carcinoma was required to
categorize a case as PeIN.

The diagnosis of dPeIN (HPV-independent PeIN)
was based on the presence of moderate to marked basal
atypia, dyskeratosis, and elongated and anastomosing rete
ridges, along with preserved maturation of the upper
layers of the epithelium.!” HSIL (HPV-associated PeIN)
was diagnosed on the basis of evident cytologic and ar-
chitectural atypia involving the whole thickness of the
epithelium with the absence of maturation and basaloid
looking or koilocytic-like (warty) features.

Inflammatory lesions such as lichen simplex chron-
icus and lichen sclerosus were also recorded if present.
Lichen simplex chronicus was diagnosed in the presence of
acanthosis, spongiosis, and hyperkeratosis, along with
papillary dermal fibrosis and interstitial inflammation with
histiocytes and lymphocytes.?® Lichen sclerosus was
identified by a thickened basement membrane, as well as
subepidermal edema and dense fibrosis.?®

Immunohistochemistry

A representative paraffin block was selected from
each case for p16 and p53 THC staining. The selection was
based on the presence in the block of invasive PSCC, as
well as adjacent skin, including, if present, premalignant
and/or inflammatory lesions. The automated BenchMark
ULTRA platform (Ventana, Tucson, AZ) was used for
the THC techniques, following the manufacturer’s proto-
col. For each biomarker, the evaluation was performed

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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separately in the invasive carcinoma and in the adjacent
premalignant lesion, the inflammatory lesion (if present),
and the normal epithelium.

pl6 staining (clone E6H4; Roche) was performed in
all cases in the invasive tumor as well as in the adjacent
skin lesions (PeIN and inflammatory lesions). Only diffuse
and continuous cytoplasmic and nuclear staining in a
group of contiguous cells at the basal and parabasal layers
(block staining) was considered positive for pl6. The ab-
sence of staining or patchy staining were considered as a
negative result for pl6.

Staining for p53 (clone DO-7; Roche) was conducted
in all cases in the invasive tumor and in the premalignant
and/or inflammatory lesions (if present). The p53 6-pattern
framework recently introduced in vulvar squamous cell
carcinoma was used to evaluate p53 staining.?’?® Two
staining patterns were classified as “normal,” indicative of
wild-type protein: (1) scattered and (2) mid-epithelial. The
scattered pattern was defined as weak or moderate het-
erogenous nuclear staining in isolated cells, while the
mid-epithelial pattern consisted of strong staining in mid-
epithelial cells, with sparing of the basal and lower para-
basal cells. Four patterns were considered as “abnormal”
indicative of mutated p53 protein: (1) basal overexpression
(at least 80% of the cells in the basal layer), (2) parabasal/
diffuse overexpression (positive staining in at least 80% of
basal cells with extension to cells in the superficial layers),
(3) null pattern (complete absence of staining), and (4)
cytoglasmic expression (with or without nuclear stain-
ing).”! Normal adjacent skin, stromal, or inflammatory
cells served as an inner staining control.

Ki-67 IHC analysis was performed with the mono-
clonal antibody (clone 30-9; Roche).

HPV Analysis
In all cases, the same block of formalin-fixed, paraffin-
embedded tissue used for IHC including both the PSCC and

the adjacent skin (with a premalignant and inflammatory
lesion, if present), was selected. No microdissection was
conducted. DNA extraction was performed on two 10 um
whole tissue sections. Paraffin sections without tissue were
cut before and after each carcinoma sample to avoid con-
tamination. The microtome blade was replaced after each
case. The DNA was extracted after 1-hour incubation in 20
pL of proteinase K solution (I mg/mL) at 56°C. Sub-
sequently, proteinase K was heat-
inactivated at 95°C for 1 hour. The DNA was isolated using
a commercial kit (QIAamp Tissue Kit; Qiagen, Hilden,
Germany) according to the manufacturing instructions.

A volume of 10 puL of isolated DNA was used for
PCR amplification, using the SPF10-LiPA system (Fujir-
ebio, Gent, Belgium). HPV genotyping was performed
using INNO-LiPA HPV Genotyping Extra II kit (Fujir-
ebio). This system allows the amplification and genotyping
of high-risk HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, and 68; of the probable high-risk HPV 26, 53, 66, 70,
73, and 82; and of low-risk HPVs 6, 11, 40, 42, 43, 44, 54,
61, 62, 67, 81, 83, and 89. Quality in each run was ensured
with both positive and negative controls for DNA iso-
lation, amplification, hybridization, and genotyping.

RESULTS

A total of 55 PSCC were evaluated; 36 (55%) were
HPV DNA-negative and pl6-negative and thus were
classified as HPV-independent PSCC. Among these 36
HPV-independent PSCC, PeIN was identified in the ad-
jacent skin in 27 cases (75%), 5 cases (14%) showed only
inflammatory lesions with no atypia (4 lichen simplex
chronicus and 1 lichen sclerosus and lichen simplex), while
4 cases (11%) showed normal skin. Twenty-two of 27
PeIN (82%) showed classic differentiated features with
marked basal atypia and thus were classified as dPeIN.
The remaining 5 of the 27 PeIN lesions (18%) were
deemed unusual due to clear and extensive basaloid traits,

TABLE 1. Clinical and Pathologic Characteristics of the 5 Unusual, HSIL-like dPelN Lesions

Histologic Subtype

IHC Results

Size
(Invasive
Case Age Location Invasive  Associated HPV Ki-67 pS3 IHC Tumor) TNM
No. (y) of PeIN PeIN Carcinoma Lesions Surgery DNA pl6 (%) Pattern (mm) Stage
1 70 Glans  Basaloid Usual type
and (keratinizing)
foreskin
2 72  Foreskin Basaloid  Basaloid — Partial Negative Negative 20 Mutated-type 23 pT1laNOMO
penectomy (null pattern)
3 67  Foreskin Basaloid Warty- — Shaving  Negative Negative 20 Mutated-type 11 pT1laNOMO
basaloid (basal
overexpression)
4 76 Glans  Basaloid  Basaloid LSC Glandectomy Negative Negative 30 Wild-type 5 pT1aNOMO
(scattered
staining)
5 83 Glans  Basaloid  Basaloid — Partial Negative Negative 10 Wild-type 20 pTlaNoMO
and penectomy (mid-epithelial
foreskin staining)

LSC indicates lichen simplex chronicus.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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morphologically indistinguishable from HPV-associated
PeIN (HSIL). Table 1 outlines the clinical and pathologic
characteristics of the 5 unusual, HSIL-like dPeIN lesions.
The procedure for the selection of cases for this study is

shown in Figure 1.

Clinical Features

The median age at diagnosis of the 5 patients with
unusual HSIL-like dPEIN was 74 years (range, 67 to 83 y).
Three patients were consulted for phimosis (cases 1, 2, and
4). The average size of the invasive carcinoma was 17 mm
(range: 5 to 28 mm). Two lesions (40%) were located in the
inner foreskin, 1 (20%) in the glans, and the remaining 2
(40%) compromised both inner foreskin and the glans. At
presentation, 4 patients were at clinical stage I and 1 at

stage Illa.

In 2 cases, the limits between dPeIN and invasive
carcinoma were clinically distinguishable (cases 2 and 4).
In both cases, PeIN was described as a persistent ery-
thematous lesion with superficial ulceration, unifocal (case
2), or multifocal (case 4). Patient 2 had unsuccessfully
been treated with imiquimod. In 3 cases (cases 1, 3, and 5),
the PeIN lesion had not been identified clinically. In case
3, the entire lesion was described as a giant exophytic le-
sion reminiscent of giant condyloma, and no distinction
between PeIN and invasive carcinoma was made. The
lesion had been treated with topical imiquimod without

clinical response.

Only 1 of the patients (case 3) had a documented
history of cigarette smoking and alcohol consumption.
None of the patients referred multiple sex partners. No
synchronous or metachronous anogenital tumors were

observed in any of the 5 patients.

Histologic Characteristics

Figure 2 shows the typical histologic characteristics of
the HSIL-like HPV-independent precursor. All 5 unusual
dPeIN displayed evident HSIL-like basaloid morphologic
traits. The epidermis was entirely occupied by undifferentiated,
basaloid-like keratinocytes with an increased nucleus-to-
cytoplasmic ratio. Loss of maturation (“wind-blown”
pattern) and moderate to severe cellular atypia were evident
throughout the epithelium. Prominent mitoses were identified
in all 5 cases (Fig. 2). In 1 of the cases (case 4), the adjacent
skin additionally showed the presence of lichen simplex
chronicus (case 4). None of the patients had adjacent lichen
sclerosus.

In 1 patient (case 1), the adjacent invasive carcinoma
of usual keratinizing type, 3 patients (cases 2, 3, and 5)
showed basaloid type carcinoma, and 1 (case 4) mixed
basaloid-warty carcinoma. Areas of associated dPeIN
with typical features (prominent intercellular bridges,
large keratinocytes, and abnormal maturation with basal
atypia) were identified in case 1.

IHC Findings

The characteristic IHC features of HPV-independent
lesions mimicking HSIL are shown in Figure 3. pl6 THC
was completely negative in the 5 intraepithelial lesions, as
well as in the adjacent invasive PSCC. Three cases showed
abnormal p53 IHC staining (suggestive of mutation): 2 of
them showed diffuse overexpression (cases 1 and 3), and 1
null pattern (case 2). Two lesions (cases 4 and 5) showed
wild-type p53 staining. Ki-67 staining ranged from 5% to
30% of the cells in the HSIL-like lesion. All 5 lesions
showed a low index of proliferation, with a mean of 17%
(range: 5% to 30%).

Penile squamous cell carcinomas (PSCC)

(n=55)
HPV DNA testing
+ p16 IHC
HPV DNA-/p16- PSCC
(n=386)
Histological revision
of the adjacent skin
h 4 y
PSCC with normal PSCC with PelN PSCC with inflammatory lesions
skin (n=27) without atypia
(n:d) {n:S}

A

r

v

(n=

PSCC with
dPelN

22)

PSCC with unusual,
HSIL-like PeIN
(n=5)

FIGURE 1. Study algorithm.
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HPV DNA Testing

All the 5 unusual PeIN as well as their associated
invasive carcinoma were negative for both low-risk and
high-risk HPV types (6, 11, 16, 18, 31, 33, 34, 35, 39, 40,
42,43,44, 45,51, 52, 53, 54, 56, 58, 59, 66, 68, 70, and 74).

DISCUSSION

In this study, we describe a subset of well-characterized,
HPV-independent dPeIN lesions (HPV-negative and
pl6-negative) with histologic features indistinguishable from
typical HPV-associated PeIN (HSIL). All 5 lesions displayed
unequivocal traits typical of HPV-associated lesions (HSIL)
such as architectural disarray, loss of maturation, and altered
nucleus-to-cytoplasmic ratio evident throughout all levels of
the epithelium. Negativity for both HPV DNA and pl6 in
the invasive PSCC as well as in the adjacent PeIN allowed
ruling out any role of HPV in the pathogenesis of these tu-
mors. Interestingly, all 5 lesions showed low proliferative
index with Ki-67 staining, which is in keeping with the
findings reported in HPV-associated precursors throughout
the anogenital tract.?>3 To the best of our knowledge, this
unusual histologic pattern of HPV-negative PeIN has not

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Two cases (cases 1 and 3) with penile HPV-independent PeIN simulating HPV-associated PelN (HSIL). Case 1 (A, A’), The
epidermis is markedly disorganized, showing the “wind-blown” appearance, abundant mitotic features and atypical, slightly
enlarged keratinocytes. Only minimal maturation is observed in the superficial layer. p16 staining is negative. Case 3 (B, B"), The
epidermis is thickened and entirely replaced by small, undifferentiated, basaloid-like keratinocytes disposed in a disorganized
manner. Mitotic figures are evident throughout the epithelium. p16 is negative in the lesion.

o B

been reported in detail in PSCC, although a few dPeIN le-
sions with mixed basaloid and differentiated features have
occasionally been mentioned in a few reports.!72%23

IHC stains were supportive of an HPV-independent
oncogenic pathway involved in these cases. Expression of pl6
was consistently negative in all 5 cases, both in the basaloid
dPeIN and the associated PSCC. The staining of p53 showed
an abnormal (suggestive of mutation) pattern in 3 cases.
Considering that 7P53 mutations are far more common in
HPV-independent PSCC,?! the unusual lesions described
in this study probably comprise a morphologic spectrum
of dPeIN.

A few cases of HPV-associated invasive PSCC with
plé-negative THC result have been previously identified by
Chahoud et al.>> These tumors had nonsense CDKN2A mu-
tations, which could explain the pl6 IHC-negative result. In
our series, the negative result for HPV DNA, in addition to the
negative staining for pl6, strongly favors the absence of any
carcinogenic role of HPV in these cases.

Interestingly, similar HPV-independent lesions with
HSIL-like, basaloid pattern have been described.?*?! Indeed,
we described in 2009 for the first time a subset of 4 HPV DNA-
negative (and pl6-negative) cases of vulvar intraepithelial

www.ajsp.com | 1075
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p16

-
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FIGURE 3. Histologic and IHC features of HPV-independent lesions mimicking HSIL. Case 1. A, The epidermis shows marked
architectural and cellular atypia. A’, p53 stain showing suprabasal overexpression. A”, Negative p16 stain. Case 2. B, Acanthotic
epidermis filled with small, basaloid-like cells. B, p53 stain showing absence of expression (null pattern), with conserved staining in
the inflammatory cells. B”, Negative p16 stain. H/E indicates hematoxylin and eosin.

neoplasia, morphologically indistinguishable from HSIL.% In
2020, we further characterized these unusual precursors of
vulvar cancer in a larger international multicenter cohort
study?! showing that 6% of all dVIN showed definite basaloid
and/or warty features. The basaloid histology of these unusual
vulvar lesions was identical to the 5 lesions identified in this
series. Remarkably, vulvar squamous carcinoma is a rare ne-
oplasm with dual etiopathogenesis (HPV-associated and HPV-
independent) and a highly similar genomic landscape (frequent
TP53, CDKN2A, and NOTCH-1 mutations).>>** Thus, it is
plausible that both types of carcinomas also share unusual
HPV-negative precursors, mimicking HPV-associated PeIN.
Several clinical characteristics of the 5 cases presented
in this study might be considered as additional evidence of a
carcinogenic origin independent of HPV. First, most of the
patients did not have lifestyle risk factors for HPV-associated
neoplasm, such as multiple sex partners, smoking, and alco-
hol consumption history. Second, the absence of any response
to imiquimod, a treatment that has shown to be effective in
HPV-associated lesions.”® Third, the foreskin was compro-
mised in most of the cases, in accordance with the evidence
accumulated for dPeIN,'” and contrarily to HPV-associated
HSIL, which mostly affects the glans.®® Unfortunately, the
clinical behavior of these lesions is unknown. However, the
appropriate classification of these lesions as HPV-independent
might be clinically relevant in similarity with HPV-

1076 | www.ajsp.com

independent squamous premalignant lesions of the vulva
which have proven to be more aggressive in the vulva.’® Thus,
the patients with HSIL-like HPV-independent lesions of the
penis will probably have to undergo a stricter follow-up than
patients with penile HSIL.

In summary, our study shows that HPV-independent
precursors may have a broader morphologic spectrum than
originally thought, featuring occasionally a basaloid mor-
phology identical to HPV-associated HSIL/PeIN. Im-
munostaining for p16 is a reliable tool in differential diagnosis.
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