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Abstract

P16!NK4a jmmunohistochemistry (IHC) is widely used to facilitate the diagnosis of human
papillomavirus (HPV)-associated cervical precancerous lesions. While most p16 results are
distinctly positive or negative, certain ones are ambiguous: they meet some but not all
requirements for the “block-positive” pattern. It is unclear whether ambiguous p16
immunoreactivity indicates oncogenic HPV infection or risk of progression. Herein, we compared
HPV genotypes and subsequent High-grade Squamous Intraepithelial Lesion (HSIL) outcomes
among 220 cervical biopsies with a differential diagnosis of Cervical Intraepithelial Neoplasia 2
(CIN 2) based on hematoxylin and eosin morphology and varying degrees of p16
immunoreactivity. P16 results were classified as block-positive (n=40, 18%), negative (n=130,
59%), or ambiguous (n=50, 23%), a category we further grouped into three patterns: strong/basal
(n=18), strong/focal (n=15), and weak/diffuse (n=17). 70% of ambiguous p16 lesions were
negative for the most common low- and high-risk HPV types; the remaining 30% were positive for
HPV 16, 18, 45, 58, 59, or 66. Three patterns revealed comparably low HPV detection rates (28%,
27% and 35%). During 12-month surveillance, HSILs were detected in 35% of the p16 block-
positive group, 1.5% of negative group, and 16% of the ambiguous group. The accuracy of
ambiguous p16 immunoreactivity in predicting oncogenic HPV and HSIL outcome is significantly
lower than that of the block-positive pattern but greater than negative staining. Specific guidelines
for this intermediate category should prevent diagnostic errors and help implement p16 IHC in
general practice.
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Introduction

Pathological diagnosis and classification of human papillomavirus (HPV)-associated
cervical precancerous lesions have advanced from heavy reliance on morphologic
interpretation to a new era that integrates biomarkers and HPV genotypes [1, 2]. In 2012, the
Lower Anogenital Squamous Terminology (LAST) project recommended a two-tiered
classification: Low-grade and High-grade Squamous Intraepithelial Lesion (LSIL, HSIL)
[3]. The new classification eliminated Cervical Intraepithelial Neoplasia 2 (CIN 2), an
intermediate category comprised of transient HPV infection (LSIL) along with transforming
infection that carries true cancer risk (HSIL) [4]. The latter must be discerned in order to
initiate an active intervention. Making this distinction solely based on hematoxylin and eosin
(H&E) morphology can be challenging and subjective. Biomarker p16'NK4a
immunohistochemistry (p16 IHC), shown to improve diagnostic accuracy for HSIL, has
been recommended by LAST as a supplement to aid this task [5, 6]. It is critical for
pathologists to update their knowledge on how judiciously to use p16 as well as interpret its
results [7, 8].

LAST defines “block-positive” p16 as supporting a diagnosis of HSIL, provided the staining
meets certain criteria: (1) demonstrates strong nuclear with or without cytoplasmic signal,
(2) extends from the basal layers upward at least one third of the epithelium, and (3) extends
laterally over a significant distance. Following these criteria, most cases are straightforward
to interpret: strong/diffuse (positive) or no stain (negative). When the signal is weak/focal,
pathologists generally interpret it as negative as well. Apart from these uncomplicated cases,
certain p16 results are ambiguous: they meet some but not all requirements for the “block-
positive” pattern. One such example would be a strong nuclear and cytoplasmic staining that
is nevertheless limited to a portion of the dysplastic epithelium. Whether equivocal lesions
should be upgraded to HSIL based on such strong but limited staining has become an
ongoing debate in daily practice.

It is unclear whether ambiguous p16 immunoreactivity indicates risk of progression or even
the presence of oncogenic HPV. To answer this question, we compared HPV genotypes as
well as subsequent HSIL outcomes among 220 cervical biopsies with differential diagnosis
of CIN 2 on H&E morphology and varying degrees of p16 immunoreactivity. Our goal was
to assess the ramifications of ambiguous p16 immunoreactivity and thereby to provide
diagnostic guidance on this practical and important issue.

Materials and methods

Morphological diagnostic criteria and case selection

Institutional Review Board approval was obtained from the Mount Sinai School of
Medicine. The pathology database was searched between January 2012 and June 2015 for
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cervical biopsies that had p16 IHC performed at the time of diagnosis. Blinded from p16
IHC result, authors (Y.L and M.A) reviewed all H&E slides and categorized lesions into
unequivocal HSIL, unequivocal LSIL, and “morphologic CIN 2”. In cases where no
agreement was reached between the two reviewers, one additional pathologist (T.K.) was
consulted, and final consensus diagnosis was reached among the three at a multi-headed
microscope. Only “morphologic CIN 2” cases were included in the study. Unequivocal
HSIL and LSIL cases were excluded.

Our practice follows the morphological diagnostic criteria as recommended by LAST [3].
LSILs are lesions demonstrating koilocytosis and/or abnormal nuclear features and mitotic
activity within the lower one third of the epithelium. The abnormal nuclear features refer to
increased nuclear size, irregular nuclear membranes, and increased nuclear to cytoplasmic
ratio. HSILs are lesions demonstrating abnormal nuclear features and mitotic activity
involving the middle third or the full thickness of the epithelium.

“Morphologic CIN 2” is a heterogeneous group consisting of lesions with certain
histological features suspicious but not definitive for HSIL. Four of the most common
histological features are illustrated in Fig 2: (A) mitoses located in the middle level of
epithelium and/or the presence of atypical mitoses; (B) marked koilocytic atypia, defined as
nuclear enlargement = 5 times the size of an intermediate cell nucleus or multinucleation
with = 5 nuclei [9]; (C) eroded or thin epithelium displaying abnormal nuclear features; and
(D) tangentially sectioned epithelium resulting in substantial expansion of the basal and
parabasal layers.

Medical charts were reviewed for patients’ subsequent clinical management and outcome
within 12 months of the initial biopsy, including cervical cytology, biopsy and excisional
procedure. We excluded patients with less than 12 months of follow-up, prior excisional
procedures, or cervical glandular lesions.

P16 immunohistochemistry and interpretation

IHC was performed using a mouse monoclonal antibody to p16 (Roche E6H4™, catalog
#725-4713) on a Ventana Benchmark LT automated immunostainer (Tucson AZ, USA)
according to standard protocol. Positive and negative controls were included routinely.
Positive signal was defined as nuclear + cytoplasmic staining. Cytoplasmic staining alone
was considered as negative. Without knowledge of the HPV results and follow-up outcome,
authors (Y.L and M.A) reviewed all IHC slides and recorded a detailed description of p16
immunoreactivity for each lesion based on four parameters: (1) intensity. strong (dark brown
color similar to the positive control) versus weak (yellow color significantly lighter than the
positive control); (2) extent. diffuse (signal involves > 50% of the epithelium) versus focal
(< 50% of the epithelium); (3) continuity. continuous (staining extends laterally over a
significant distance) versus discontinuous (alternating clusters of either positively or
negatively stained cells); and (4) /ocation. positive cells reside in the lower third, two thirds,
or full thickness of epithelium.

Based on these four parameters, lesions were categorized as block-positive, negative, and
ambiguous pattern. Block-positive patterns (Fig. 1A and B) fulfilled all requirements
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described in LAST: strong and diffuse immunoreactivity extending from the basal layers
upward more than one third of the epithelium and laterally over a significant distance.
Negative results (Fig. 1C and D) were defined as total absence of staining or else weak,
focal, and discontinuous staining.

Certain p16 results that met some but not all requirements for the “block-positive” pattern
were classified as ambiguous. Based on the four parameters, ambiguous results were further
grouped into 3 patterns: (1) strong/basal (strong, diffuse, continuous staining of the lower
third of epithelium without upward extension, Fig. 3A and B), (2) weak/diffuse (weak,
diffuse, discontinuous staining reaching at least two thirds, Fig. 3C and D), and (3) strong/
focal (strong, focal, and discontinuous staining located at any level of the epithelium, Fig.
3E and F). Consensus for each case was reached among the authors at a double-headed
microscope.

HPV genotyping

The Maxwell 16 FFPE Tissue LEV DNA Kit (Promega, Madison, Wisconsin) was used for
DNA extraction from tissue sections according to the manufacturer’s instructions. The
concentrations of extracted DNAs were measured by a NanoDrop ND-2000
spectrophotometer. Real time PCR was performed with Roche Light cycler 480 and a High
Resolution Melting Master kit (Roche, Indianapolis, IN) using PCR primers (GP5+ and
GP6+) specifically targeted to L1 region covering the 13 most common high-risk HPV types
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66) and 10 low-risk types (6, 11, 13, 30,
32, 34, 40, 42, 53, 61) [10]. Beta-actin gene was used as a quality control for nucleic acid
extraction and PCR reaction. Once the initial screening for HPV DNA was confirmed, type-
specific primers and probes for HPV 16 or HPV 18 (targeting E6 region) were used to detect
HPV 16 or HPV 18 by real time PCR. The probe pairs were labeled with fluorescein at the
3’ end and LightCycler-Red 640 for HPV 16 or LightCycler-Red 670 for HPV 18 at the 5’
end. When HPV 16/18 specific PCR was negative, Sanger Sequencing was performed to
detect other HPV genotypes after amplification with GP5+ and GP6+ primer pairs. HPV
subtypes other than HPV 16/18 were determined by aligning sequences in GeneBank.

Statistical analyses

RESULTS

Statistical analyses were performed in STATA 13 (Stata Corporation, College Station TX).
Fisher’s test was used to determine the significance of associations between parameters. A
p-value <0.001 was considered statistically significant.

Varying degrees of p16 immunoreactivity among morphologic CIN 2

A total of 220 cervical lesions (one per patient) with a differential diagnosis of CIN 2 based
on H&E morphology were retrospectively studied. Patient ages ranged from 18 to 73 years
old (mean 39). Five pathologists (two senior gynecological pathologists and three junior
surgical pathologists) originally reported these cases as benign (n=88), LSIL/CIN 1 (n=90),
HSIL/CIN 2 (n=35), and HSIL/CIN 3 (n=7).
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40 cases (18%) revealed strong and diffuse staining corresponding to a block-positive result
as described in LAST. 130 cases (59%) revealed negative results, including total absence of
staining (n=71) or weak staining extending < 50% of the epithelium (n=59). The remaining
50 cases (23%) revealed ambiguous staining patterns: strong/basal (n=18, 8%), strong/focal
(n=15, 7%), and weak/diffuse (n=17, 8%).

Oncogenic HPV subtypes

The 50 biopsies with ambiguous p16 were tested for oncogenic HPV subtypes. As shown in
Table 1, 35 (70%) were negative for 13 high-risk and 10 low-risk strains, whereas 15 (30%)
were positive, including HPV 16 (n=5), HPV 18 (n=4), HPV 66 (n=3), and one for each of
HPV 45, 58, and 59. 13 of 18 (72%) strong/basal p16 lesions were negative for HPV; the
remaining 5 (28%) were positive for HPV 16 (n=2), 45, 59, and 66. Among 15 strong/focal
p16 lesions, 11 (73%) were negative, whereas 4 (27%) were positive for HPV 16, 18 (n=2),
and 58. Among 17 weak/diffuse p16 lesions, 11 (65%) were negative, while 6 (35%) were
positive for HPV 16 (n=2), 18 (n=2), and 66 (n=2). Upon reviewing H&E slides, lesions
testing positive or negative for HPV DNA revealed significantly overlapping morphological
features. Five cases with negative p16 staining were tested as negative controls, none
revealing HPV. Another 5 cases with block-positive p16 staining were tested as positive
controls, and all of them were positive for high-risk HPV, including 2 for HPV 16 and 3 for
HPV 18.

HSIL outcome

Concurrent HSIL was present in 4 (10%) patients from the block-positive p16 group, 6
(12%) from the ambiguous group, and 1 (0.8%) from the negative group. All patients
underwent surveillance at our facility for 12 months, including cytology, biopsy or
excisional procedures. As shown in Table 2, 14 of 40 (35%) block-positive p16 patients
revealed HSIL on subsequent procedures while the remaining 26 (65%) revealed LSIL or
less. In the ambiguous p16 group, 8 out of 50 (16%) revealed HSIL, including 2 with strong/
basal pattern (HPV 16, 45), 5 with strong/focal (HPV 16, 18x2, and negative x2), and 1 with
weak/diffuse pattern (HPV 16). Both HPV negative cases had concurrent HSIL lesions on
biopsy. The remaining 42 (84%) revealed LSIL or less. In the negative p16 group, only 2 of
130 patients (1.5%) revealed HSIL; one of them had concurrent HSIL on biopsy. The
remaining 128 (98.5%) revealed LSIL or less. The block-positive p16 group revealed a
significantly higher percentage of HSIL outcomes than the ambiguous group during follow-
up (p<0.001). Both block-positive and ambiguous p16 groups revealed a significantly higher
percentage of HSIL outcomes than the negative group during follow-up (p<0.001).

Discussion

The use of p16 IHC has significantly increased in most practices since the publication of
LAST recommendations [11-13]. Our group employs p16 primarily to triage lesions with
the morphologic differential diagnosis of CIN 2 into LSIL vs. HSIL categories. Additionally,
LAST recommends p16 to differentiate HSILs from their mimics, solve disagreement, and
to search for subtle HSILs in cases with high-risk cytology. Regardless of application, the
dramatic increase of p16 IHC has opened the door to a wide spectrum of staining results. We
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previously reported two notable p16-related diagnostic errors that led to over-diagnosis of
HSIL in routine practice: (1) overusing p16 IHC on unequivocal LSIL and (2) upgrading
questionable lesions to HSIL based on p16 non-block staining patterns [14]. In the present
study, we focus on the latter, aiming to assess the ramifications of non-block p16 staining as
well as to provide interpretative guidance on this practical and important issue.

Upon retrospective review, the majority of CIN 2 lesions (77%) in our series revealed p16
that was distinctly positive (18%) or negative (59%). In such instances, p16 IHC is a
convenient adjunctive tool that promptly offers straightforward answers, especially for
morphologically challenging cases. Multiple studies have established that among
pathologists and even non-pathologists, p16 improves diagnostic accuracy for precancerous
lesions [15, 16]. A pertinent study by Liao et al. showed that after receiving video-based
training, 12 non-pathologist physicians were able to diagnose HSIL solely based upon p16
IHC with 88% sensitivity and 87% specificity, rates that were only slightly inferior to
pathologists involved in the study (96% and 92%) [17].

Apart from these clear-cut cases, we found that difficulties arose when a p16 result met
some but not all requirements for the “block-positive” pattern, instances we refer to as
ambiguous pattern. 23% of morphologic CIN 2 lesions in our series followed this scenario.
The ambiguous patterns we frequently encountered were strong/basal (8%), strong/focal
(7%) and weak/diffuse (8%). For example, despite strong and continuous nuclear/
cytoplasmic staining, the strong/basal pattern did not meet the height requirement for
“block-positive” as specifically defined in LAST. Can we disregard strong/basal staining as
negative, and if not, should we upgrade such lesions to HSIL?

To answer this question, we tested ambiguous p16 lesions for the presence/absence of HPV
DNA. Surprisingly, 70% were in fact negative for the most common 13 high-risk and 10
low-risk HPV strains. Only 30% harbored HPV, including HPV 16/18 (60%) and the less
common types 45, 58, 59, and 66 (40%). The 3 patterns revealed comparably low HPV
detection rates: strong/basal (28%), strong/focal (27%), and weak/diffuse pattern (35%). By
way of comparison, we tested 5 block-positive p16 lesions, all of which harbored HPV
16/18. Of the 5 negative p16 lesions tested, none were positive for HPV.

In regards to HPV detection rates, our ambiguous patterns are akin to the focal strong
staining pattern described in several studies that employed semiquantitative p16 scoring
methods. In a widely used scoring system, Klaes et al. categorized p16 results into focal
(with a cutoff defined as < 25% of epithelium stained positive) vs. diffuse (>25% of
epithelium) [18]. They detected HR-HPV in 27% of focal and 76% of diffuse cases. When
Keating et al. increased the cutoff to 80%, HR-HPV remained low in the focal strong cases
(30%) and high in the diffuse ones (70%) [19]. In contrast, block-positive p16 is strongly
associated with the presence of HR-HPV as demonstrated by high positive predictive value
(97%) as well as negative predictive value (86%) [20, 21].

We further compared surveillance results among CIN 2 lesions with varying degrees of p16
immunoreactivity. HSIL was subsequently detected in 16% of patients with ambiguous p16
lesions, including 2 strong/basal, 5 strong/focal, and 1 weak/diffuse pattern. The remaining
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patients, even those harboring HR-HPV, revealed LSIL or less for 12 months. Conversely,
HSIL outcome was significantly higher in the block-positive p16 group (35%) and lower in
the negative p16 group (1.5%). Our results are consistent with a large prospective study
recently published by Miralpeix et al. that assessed p16°s status as a predictor of CIN 2
behavior [22]. They report that all “p16 negative CIN 2” regressed while 43% of “p16
positive CIN 2” persisted or progressed to CIN 3 at 12 months. We recommend “p16
ambiguous CIN 2” as a distinct category of cervical lesions that appear to pose an
intermediate risk of persistence and progression.

P16 is a commonly used IHC marker; however, its interpretation is unique in the context of
HPV-related lower anogenital lesions. Both quality and quantity of p16 immunoreactivity
affect its specificity in predicting high-risk HPV and HSIL outcomes. One cannot simply
designate it as positive or negative; rather, pathologists must consider multiple parameters
such as staining intensity, extent, continuity, and location. When using p16 to triage CIN 2
lesions, pathologists need to be aware of the ramifications of an ambiguous p16 result.
Specific guidelines for this intermediate category should prevent diagnostic errors while
helping to implement LAST in general practice.
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Figure 1.
Morphologic CIN 2 lesions display distinctly positive and negative p16 results. A and B, A

lesion displays strong/diffuse staining (b/ock-positive in LAST terms) and tests positive for
HPV 16. C and D, A lesion displays weak, discontinuous and focal staining (negative) and
tests negative for HPV (A, C: H&E, original magnification x100; B, D: corresponding p16
IHC, original magnification x100).
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Figure 2.
Four of the most common histological features trigger the differential diagnosis of CIN 2

and deployment of p16 IHC. A, Mitoses located in the middle level and/or atypical mitoses.
B, Marked koilocytic atypia. C, Eroded or thin epithelium displaying abnormal nuclear
features. D, Tangentially sectioned epithelium with substantial expansion of the basal and
parabasal layers (H&E, original magnification x200).
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Figure 3.
Morphologic CIN 2 lesions with ambiguous p16 immunoreactivity. A and B, A lesion

displays strong/basal pattern and tests positive for HPV 16. Patient’s subsequent LEEP
reveals HSIL. C and D, A lesion displays weak/diffuse pattern and tests negative for HPV.
Subsequent biopsy reveals LSIL. E and F, A lesion displays strong/focal pattern and tests
positive for HPV 58. Subsequent biopsy reveals LSIL. (A, C, and E: H&E, original
magnification x200; B, D, and F: corresponding p16 IHC, original magnification x200).
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The presence or absence of oncogenic HPV in morphologic CIN 2 lesions with ambiguous p16
immunoreactivity

Ambiguous P16 | mmunor eactivity (n=50)

HPV DNA
Strong/basal (n=18) | Strong/focal (n=15) | Weak/diffuse (n=17)
Absent (n=35) | 13 (72%) | 11 (73%) | 11 (65%)
Present (n=15) | 5 (28%) | 4 (27%) | 6 (35%)
16 52 16 16 (x2)
Types o 18 (x2) 18 (x2)
o 58 66 (x2)
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Table 2

Clinical outcomes for morphologic CIN 2 lesions with varying degrees of p16 immunoreactivity during 12-
month follow-up

Follow-up within 12 months

P16 IHC N Concurrent HSIL
HSIL LSIL or less
Block-positive 40 4 (10%) 14 (35%) *# 26 (65%)
Ambiguous 50 6 (12%) 8 (16%) * 42 (84%)
Negative 130 1 (0.8%) 2 (1.5%) 128 (98.5%)
Total 220 11 (5%) 24 (11%) 196 (89%)

*
Both block-positive and ambiguous p16 groups revealed significantly higher percentages of HSIL outcome than the negative group during 12-
month follow-up (p<0.001).

#The block-positive p16 group revealed a significantly higher percentage of HSIL outcome than the ambiguous group during 12-month follow-up
(p<0.001).
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