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ABSTRACT

Objectives: The Lower Anogenital Squamous Terminology
(LAST) recommendations classify human papillomavirus—
associated squamous lesions into low- and high-grade
squamous intraepithelial lesions ( LSILs/IHSILs). Our
study aimed to assess interobserver agreement among

6 experienced pathologists in assigning 40 anal lesions
previously diagnosed as anal intraepithelial neoplasia 2
(AIN 2) to either HSIL or non-HSIL categories.

Methods: Agreement based on photomicrographs of
H&E alone or H&E plus p16 immunohistochemistry was
calculated using x coefficients.

Results: Agreement was fair based on H&E alone (k =

0.42; 95% confidence interval [CI], 0.34-0.52). Adding p16
improved agreement to moderate (x = 0.55; 95% CI, 0.54-
0.62). On final diagnosis, 21 cases (53%) had unanimous
diagnoses, and 19 (47%) were divided. When designating p16
results as positive or negative, agreement was excellent (x =
0.92; 95% CI, 0.83-0.95). Among variables ( staining location,
extent, and intensity ), staining of the basallparabasal layers
was a consistent feature in cases with consensus for positive
results (20/20). Of the 67 H&E diagnoses with conflicting
pl6 results, participants modified 32 (48%), downgrading 23
HSILs and upgrading 9 non-HSILs.

© American Society for Clinical Pathology, 2020. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Key Points

e Substantial disagreement exists among experienced pathologists in
diagnosing anal intraepithelial neoplasia 2.

e The addition of p16 immunochistochemistry increased interobserver
agreement.

e Negative p16 results can reduce unwarranted diagnoses of high-grade
squamous intraepithelial lesions and unnecessary treatment.

Conclusions: Although pl6 increased interobserver
agreement, disagreement remained considerable regarding
intermediate lesions. pl16 expression, particularly if
negative, can reduce unwarranted HSIL diagnoses and
unnecessary treatment.

The Lower Anogenital Squamous Terminology
(LAST) recommendations provide updated diagnostic
guidelines for human papillomavirus (HPV)-associ-
ated lesions of the lower anogenital tract." The 2-tiered
classification represents our current understanding
of HPV-associated carcinogenesis: low-grade squa-
mous intraepithelial lesions (LSILs) indicate productive
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infection with a low risk of malignant transformation,
whereas high-grade squamous intraepithelial lesions
(HSILs) represent transforming infection and a potential
cancer precursor.” In 2014, the World Health Organization
(WHO) Classification of Tumors adopted the terms LSIL
and HSIL for preinvasive squamous lesions in the cervix,
vagina, vulva, and anus.’

The LAST nomenclature largely parallels the former
intraepithelial neoplasia (-IN) classifications: LSIL en-
compasses -IN 1, whereas HSIL encompasses -IN 3. The
former intermediate -IN 2 category was an admixture of
transient productive infections, cancer precursors, and
morphologic mimics of precancer and has been elim-
inated.”® Pathologists must now translate former -IN
2 lesions into negative, LSIL, or HSIL—a challenging
and subjective task.”'” To facilitate and standardize
this process, LAST recommends using biomarker pl6
immunohistochemistry (IHC) as an adjunctive tool.
Under the new classification, lesions staining block-
positive pl6 support the diagnosis of HSIL in the ap-
propriate morphology context; if negative (including
nonblock staining), they are generally designated as LSIL
or benign. Block-positive pl6 is defined as nuclear with
or without cytoplasmic staining that extends from basal
layers upward at least one-third of the epithelial thickness
and laterally over a significant distance.

When a disease classification changes, it is critical to
assess pathologists’ performance to ensure both the ac-
curacy and reproducibility of diagnoses. In the diagnosis
of HPV-associated squamous lesions, most interobserver
agreement studies relate to the cervix; comparable studies
with a focus on anal intraepithelial neoplasia (AIN) are
scarce.”"” In recent years, incidence and mortality of
HPV-associated anal cancers have significantly increased
worldwide, resulting in the implementation of screening
and treatment programs in certain countries."*” As in
cervical disease, anal HSIL is the primary screening target
and threshold for active intervention. Despite strong simi-
larities between anal and genital sites, anal lesions pose
their own diagnostic challenges given the unique anatomy,
microenvironment, and viral factors.”"** Whether p16 im-
proves agreement among pathologists in triaging lesions
previously diagnosed as AIN 2 has yet to be determined.

We conducted an interobserver agreement study
focusing on lesions previously diagnosed as AIN
2. Participants included 6 pathologists from the United
States, the United Kingdom, and Australia who had ex-
perience with HPV-associated anogenital diseases. We as-
sessed agreement on the assignment of AIN 2 into HSIL
or non-HSIL categories based on photomicrographs of
H&E alone or H&E plus p16 IHC. We further analyzed
the impact of p16 results on final diagnoses.
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Materials and Methods

High-Resolution Anoscopy and Biopsy

The Institutional Review Board of the Icahn School
of Medicine at Mount Sinai approved this study. The
Mount Sinai Anal Dysplasia Program specializes in the
screening and treatment of HPV-associated anal precancer
and cancer.” The target population primarily consists of
people living with HIV. Individuals with abnormal anal
cytology (ie, atypical squamous cells of undetermined
significance or worse) undergo high-resolution anoscopy
and biopsy of lesions suspicious for precancer or cancer
following previously described techniques.”* Anal biopsy
specimens (3-6 mm) were fixed in formalin, processed, and
embedded in paraffin wax. Consecutive serial sections
were used for H&E staining and p16 THC. A mouse mon-
oclonal antibody E6H4 against pl6 was used (catalog
No. 725-4713; Roche) on a Ventana Benchmark LT au-
tomated immunostainer. Positive and negative controls
were routinely included.

Case Selection

The pathology database at the Mount Sinai Hospital
was searched from 2015 to 2018 for anal biopsies diag-
nosed as AIN 2. A total of 300 cases with corresponding
pl6 THC were retrieved. Authors Y.L. (9 years of gyn-
ecologic specialty experience) and M.B. (fourth-year
pathology resident) reviewed and selected 40 cases rep-
resenting the most common morphologic features of
AIN 2 for the interobserver study. Based on conventional
morphologic criteria, AIN 2 lesions were defined as dys-
plastic squamous cells with nuclear enlargement, coarse
chromatin, and irregular nuclear size and shape extending
from the lower third to the middle third of the epithelium.
In addition, the presence of mitotic figures (including ab-
normal form) in the middle third was a common feature
in the selected cases.

Interobserver Agreement Study

Six pathologists, from the United States, the United
Kingdom, and Australia, participated in the study. All
practiced surgical pathology for more than 15 years and
had significant expertise in HPV-associated anogenital
diseases, as demonstrated by clinical focus, research, and
publications. Participants independently reviewed photo-
micrographs of each lesion (H&E stain at X200; p16 IHC
at x100) and reported their initial diagnoses based on
H&E alone and their final diagnoses based on H&E plus
pl6 IHC. Initial diagnoses used LAST terminology with
an -IN qualifier in parentheses or descriptive terms such
as “immature squamous metaplasia,” “benign transitional
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mucosa,” and “reactive/inflammatory changes.” Final
diagnoses used only LAST terminology of HSIL, LSIL, or
benign processes. Participants did not discuss among them-
selves specific criteria for H&E interpretation or the assess-
ment of pl6 staining for this study. The p16 IHC results
were reported as negative or positive or with descriptive
terms such as “no staining,” “focal,” or “patchy staining.”

Statistical Analysis

For the purpose of this study, initial and final diag-
noses were categorized as HSIL or non-HSIL. The latter
group included negative assessment for dysplasia or LSIL
(including condyloma) and descriptive terms such as “im-
mature squamous metaplasia,” “benign transitional mu-
cosa,” and “reactive/inflammatory changes.” The p16 IHC
results were categorized as positive or negative. Negative
p16 for the purpose of this study also included descriptive
terms such as “no staining,” “focal,” or “patchy staining.”
Interobserver agreement based on H&E alone or H&E plus
pl6 was evaluated using x coefficients. For each k estimate,
the 95% CI was calculated using the binomial distribution.

Results

Diagnoses Based on H&E Histology Alone

For the 40 selected cases previously diagnosed as
AIN 2, the 6 participants rendered 240 diagnoses based
on photomicrographs of H&E histology: 143 were HSIL
(60%) and 97 were non-HSIL (40%), as shown in BTable 11.
Interobserver agreement was fair (x = 0.42; 95% CI, 0.34-
0.52). Of the 40 cases, 18 (45%) received a unanimous
diagnosis from all participants, including 13 HSILs and
5 non-HSILs. The remaining 22 cases (55%) received di-
vided diagnoses: consensus HSIL by the majority of par-
ticipants (7 cases), consensus non-HSIL by the majority
of participants (7 cases), and tied (8 cases). Of the 40
cases, 16 lesions originated in the anal transitional zone,
whereas 24 were from the squamous zone. Agreement was

ITable 10
Impact of p16 IHC Result on the Final Diagnosis
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43.8% (7/16) for transitional zone lesions and 50% (12/24)
for squamous zone lesions. The difference was not statis-
tically significant (P = .7).

Diagnoses Based on H&E Plus p16 IHC

When designating pl6 THC results as positive
or negative, participants showed excellent agreement
(1 = 0.92; 95% CI, 0.83-0.95) limage 1Al and Hlmage 1BL.
Only 4 cases had divided interpretations: case 9 (2 par-
ticipants interpreted it as positive, and 4 interpreted it
as negative) limage 1Cl and cases 13, 14, and 26 (5 inter-
preted them as positive, and 1 interpreted them as nega-
tive) llmage 1D

After reviewing photomicrographs of pl6 IHC, par-
ticipants changed 32 initial H&E diagnoses from 21 cases,
downgrading 23 HSILs to non-HSIL based on negative
pl6 results and upgrading 9 non-HSILs to HSIL based
on positive p16 results (Table 1). Consequently, 129 final
diagnoses were HSIL (54%) and 111 were non-HSIL
(46%). Interobserver agreement on final diagnosis was
moderate (k = 0.55; 95% CI, 0.54-0.62). A unanimous
final diagnosis among all participants was reached for 21
cases (53%), including 13 HSILs and 8 non-HSILs. The
remaining 19 cases (48%) received divided diagnoses:
consensus HSIL by the majority of participants (6 cases),
consensus non-HSIL by the majority of participants (10
cases), and tied (3 cases).

Impact of p16 IHC on Final Diagnosis

As shown in Table 1, pl16 results were in line with
72% (173/240) of initial H&E diagnoses, whether an
HSIL impression was supported by positive pl16 (n = 98)
or a non-HSIL impression was supported by negative
pl6 (n = 75). Changes in diagnosis occurred when the in-
itial impression was HSIL but p16 was negative (n = 45).
Of these cases, 23 HSIL diagnoses (51%) were down-
graded to non-HSIL, whereas 22 (49%) were retained
as HSIL. Most downgraded cases appeared to represent
morphologic mimics of HSIL such as atypical squamous

Final Diagnosis Based on H&E and p16 IHC

Initial Diagnosis Based on H&E (n = 240) pl6 IHC HSIL, No. (%) Non-HSIL, No. (%) P Value

HSIL (n = 143, 60%) Positive (n = 98) 98 (100) <.001®
Negative (n = 45) 22 (49) 23 (51)

Non-HSIL (n = 97 40%) Positive (n = 22) 9 (41) 13 (59) <.001®
Negative (n = 75) 75 (100)

Total 129 (54) 11 (46)

HSIL, high-grade squamous intraepithelial lesion; IHC, immunohistochemistry.

Six participants diagnosing 40 cases yielded 240 diagnoses. The 4 rows represent the 4 scenarios in which participants modified their H&E diagnoses based on p16 results.
*The proportion of HSIL final diagnoses differs significantly based on p16 results (assessed by ¥ tests).

© American Society for Clinical Pathology
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IImage 10 Interpretation of p16 immunohistochemistry (IHC) results. A, Case 15 with diffuse, continuous staining of basal
and parabasal layers with upward extension. All participants interpreted as positive. Positive to negative: 6:0. B, Case 7 with
discontinuous staining throughout the epithelium but not basal and parabasal layers. All participants interpreted as nega-
tive. Positive to negative: 0:6. C, Case 9 with focal staining in the basal and parabasal layers. Two participants interpreted as
positive, and 4 interpreted as negative. Positive to negative: 2:4. D, Case 13 with patchy staining of the epithelium, including
limited basal and parabasal staining. Five participants interpreted as positive, and 1 interpreted as negative. Positive to nega-
tive: 5:1. (p16 IHC, original magnification x100.)

metaplasia (n = 3), inflammatory atypia (n = 2), and
basal/parabasal expansion due to tangential sectioning
(n = 5). For example, case 28 was diagnosed as HSIL
by all participants based on the H&E image Elmage 2Al
and Blmage 2BH. Given the negative pl6 result, 4 parti-
cipants downgraded the case to non-HSIL, whereas 2
participants retained an HSIL diagnosis with comments
to explain their rationales: “unusual lesion, possible p16
gene mutation or deletion” and “morphology is the gold
standard.”
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Conversely, in cases with an initial histologic impres-
sion of non-HSIL but positive pl6 (n = 22), 9 (41%) were
upgraded to HSIL on final diagnosis, whereas 13 (59%) were
retained as non-HSIL (Table 1). For example, case 11 was
diagnosed as non-HSIL by all participants based on H&E im-
ages lmage 2CH and Bimage 2DN. Given the positive p16 result,
3 participants upgraded the case to HSIL, whereas 3 retained
a non-HSIL diagnosis with comments: (1) “some LSILs
express block-positive p16,” (2) “pl6 is not required in this
case,” and (3) “diagnosis should be based on morphology.”

© American Society for Clinical Pathology
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Blmage 20 Impact of p16 immunohistochemistry (IHC) results on final diagnosis. A, Case 28 was diagnosed as high-grade
squamous intraepithelial lesion (HSIL) by all 6 participants based on H&E morphology. B, Given the negative p16 result, 4
participants downgraded it to non-HSIL, and 2 maintained the HSIL diagnosis. €, Case 11 was diagnosed as non-HSIL by all 6
participants based on H&E morphology. D, Given the positive p16 result, 3 participants upgraded it to HSIL, whereas 3 main-
tained the non-HSIL diagnosis. (A and C, H&E, x200; B and D, p16 IHC, x200.)

Discussion

In this study, there was considerable disagreement
among 6 experienced pathologists in the diagnosis of
anal lesions previously designated as AIN 2. Agreement
was only fair based on H&E alone (x = 0.42; 95% CI,
0.34-0.52) and increased to moderate by adding p16 IHC
(x = 0.55; 95% CI, 0.54-0.62)—a limited improvement.
Because the 2 confidence intervals did not overlap, the
improvement was statistically significant. In nearly half
(19/40) of the cases, even with p16 THC, the participants
did not achieve a unanimous diagnosis—namely, HSIL
was diagnosed by at least one pathologist and non-HSIL

© American Society for Clinical Pathology

by others. Because anal HSIL is the primary target for
both screening and treatment, such high discordance in
rendering pathologic diagnoses inevitably affects the effi-
cacy of early anal cancer detection and prevention.
Compared with the -IN 1 and -IN 3 categories, -IN 2
is the least reproducible diagnosis owing to the equivocal
morphologic features and heterogeneous biology.** Our
study focused on lesions previously diagnosed as AIN 2,
for which the greatest interobserver variation is to be ex-
pected. Participants in our study composed a panel of
experienced pathologists who have demonstrated exper-
tise in this field through research and publications. If ex-
perts with a solid grasp of LAST significantly disagree,
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general pathologists likely face even greater challenges in
diagnosing these intermediate lesions.

Maniar et al” conducted the study most comparable
to ours on a series of -IN 2 lesions from cervix (n = 168),
vagina (n = 2), vulva (n = 2), and anus (n = 28). Using 2
categories (LSIL or less vs HSIL), the authors reported
fair agreement among 3 pathologists based on H&E mor-
phology (x = 0.274). In conjunction with p16 IHC, agree-
ment improved (x = 0.397). Although the authors did not
provide specific details regarding the agreement for AIN
2 cases, it is clear that -IN 2 lesions pose a significant di-
agnostic problem regardless of anogenital site. Although
pl6 improved agreement in both studies, it was unable to
unify diagnoses in a significant number of cases.

The AIN 2 cases in our study displayed a spectrum of
pl6 expression. Their interpretation appeared to be more
objective than H&E morphology (k = 0.92); however,
variations among participants remained. Among vari-
ables (staining location, extent, and intensity), continuous
staining of the basal and parabasal layers appeared to be a
consistent feature in cases with a “positive” p16 consensus.
Only 4 of the 40 cases had discordant p16 interpretation.
All were characterized by limited basal and parabasal
staining, indicating that participants held a different min-
imum requirement for this criterion. Although LAST has
been successful in defining the block-positive pattern, its
relative ambiguity on lateral extent (ie, significant dis-
tance) may account for this disagreement. The British
Association of Gynaecological Pathologists suggests “ab-
normal expression must extend for at least 6 cells across.”*
This number requires further validation but at least pro-
vides a quantifiable measurement for this criterion.

Studying the impact of pl6 results on final diag-
nosis, we found that pl6 expression was in line with the
majority of initial histologic impressions (72%, 173/240),
whether an HSIL impression was supported by positive
pl6 or a non-HSIL impression was supported by nega-
tive pl6. When pl6 results and histologic impressions
conflicted, it was predominately in the form of an HSIL
H&E impression and negative p16, which led participants
to downgrade 51% (23/45) of the diagnoses to non-HSIL.
In a similar interobserver variability study, Krishnamurti
et al'’ reported that p16 THC resulted in a change in diag-
nosis in 17 cases, of which 14 were downgraded from AIN
2 to AIN 1 based on negative p16.

Most downgraded cases in our series were felt to
represent morphologic mimics of HSIL such as atypical
squamous metaplasia, inflammatory atypia, and tangen-
tial sectioning. In addition, the anal transitional zone, a
unique anatomical region, was sometimes mistaken for
HSIL because of its immature appearance Blmage 31.”
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Our results indicate that even for experienced patholo-
gists, these morphologic mimics are difficult to discern
based on traditional morphologic criteria alone. Because
p16 negative HSIL is exceedingly rare, the absence of p16
expression provides a reliable, more objective measure
to distinguish morphologic mimics and prevent unwar-
ranted HSIL diagnoses, reducing unnecessary treatment.

Notably, even when p16 was negative, 22 HSIL H&E
impressions from 13 cases and 4 participants were re-
tained as final diagnoses. Most of these cases revealed
patchy or focal pl6 staining rather than a complete ab-
sence of staining. Some participants considered patchy
and focal pl6 staining to be compatible with their histo-
logic impression of HSIL, especially when they were con-
fident in their morphologic assessment on H&E.

Our findings reflect a longstanding debate, predomi-
nantly in the context of cervical lesions, as to whether p16
results should override H&E diagnoses.” " Scant evidence
suggests that pl6-negative AIN 2 carries a low risk of prog-
ression and thus that downgrading such lesions to non-
HSIL is justified. In the study by Maniar et al,” one of 4 p16-
negative AIN 2 lesions progressed to AIN 3. Albuquerque
et al*’ reported that none of 18 such lesions in their practice
progressed to AIN 3 within a short follow-up of 9 months
(£4 months). The behavior of anal lesions with patchy or
focal p16 expression is even less clear. Liu et al” reported
that anal LSIL with patchy or focal p16 staining carried an
intermediate risk of progression to HSIL (35%) compared
to LSIL with block-positive or negative pl16 (64% and 14%,
respectively) within a median of 16 months of surveillance.

Our study has certain limitations. Participants based
their diagnoses on a single H&E and p16 IHC photomicro-
graph, unlike routine practice in which pathologists review
cases on multiple tissue sections under low and high magnifi-
cations. Participants were not queried as to whether p16 IHC
was needed for diagnosis. In addition, because it was our in-
tention to examine agreement among pathologists from dif-
ferent practice settings, we did not discuss specific criteria for
p16 staining for the purpose of this study. As such, all inter-
pretations reflect participants’ individual adaptation of the
LAST recommendations in their respective practices.

In conclusion, our study highlights the challenges in
classifying intermediate lesions previously diagnosed as
AIN 2. In conjunction with pl6 IHC, the expert panel
assigned 55% of cases as HSIL and downgraded 45% as
non-HSIL; this has significant implications for patient man-
agement because HSIL is the typical treatment threshold.
However, even among the experts, diagnostic variation re-
mained. Better understanding of the biology and prognosis
of such intermediate lesions should lay the foundation for
future diagnostic recommendations and guidelines.

© American Society for Clinical Pathology
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HImage 30 Lesions originating from anal transitional zone. A, Case 19 was diagnosed as high-grade squamous intraepithelial
lesion (HSIL) by 3 participants and non-HSIL by 3 based on H&E morphology. B, Given the positive p16 result, 5 participants
diagnosed it as HSIL, and 1 maintained a non-HSIL diagnosis. €, Case 3 was diagnosed as HSIL by 4 and non-HSIL by 2
based on H&E morphology. D, Given the negative p16 result, 5 participants diagnosed it as non-HSIL, whereas 1 maintained
HSIL. (A and C, H&E, x200; B and D, p16 immunohistochemistry, x100.)
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