Original Articles

Adjunctive Human Papillomavirus DNA Testing Is a
Useful Option in Some Clinical Settings for Disease Risk
Assessment and Triage of Females With ASC-H
Papanicolaou Test Results

Sudeshna Bandyopadhyay, MD; R. Marshall Austin, MD, PhD; David Dabbs, MD; Chengquan Zhao, MD

® Context—Recent guidelines recommend colposcopy for
women with atypical squamous cells, cannot exclude high-
grade squamous intraepithelial lesion (ASC-H).

Objective—To determine whether adjunctive high-risk
human papillomavirus (hrHPV) testing is useful for disease
risk assessment in females with ASC-H Papanicolaou (Pap)
test results.

Design.—High-risk HPV prevalence and histopathologic
follow-up data on 1187 females with ASC-H ThinPrep Pap
test (TPPT) and hrHPV test results were analyzed.

Results—ASC-H was reported in 1646 (0.006%) of
277400 (270338 TPPT and 7062 conventional) Pap test
results. The difference in ASC-H detection rates between
TPPTs and conventional Pap smears was statistically sig-
nificant (0.60% vs 0.38%; P = .02). High-risk HPV was
detected in 589 (49.6%) of 1187 females with ASC-H TPPT
and hrHPV testing. The hrHPV DNA-positive rate in fe-
males younger than 40 years was 54.7 %, significantly high-

The abnormal Papanicolaou (Pap) test result category
atypical squamous cells, cannot exclude high-grade
squamous intraepithelial lesion (ASC-H), is a relatively re-
cently recognized subcategory of atypical squamous cells
(ASCs) formally introduced in the 2001 Bethesda System
(TBS2001).! ASC-H Pap tests include a spectrum of ab-
normal cytomorphologic changes with features suggestive
of a high-grade squamous intraepithelial lesion (HSIL) but
judged to lack sufficient criteria for a definitive interpre-
tation of HSIL. Therefore, ASC-H is often regarded as
equivocal HSIL.? Inevitably included in the ASC-H cate-
gory, however, are also benign mimics of high-grade dys-
plastic cells. This category reflects a mixture of true HSIL
and its mimics.> ASC-H is a relatively uncommon Pap test
interpretation and represents an interpretive challenge for
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er than the 36.5% in women 40 years and older. Among
505 females with histopathologic follow-up, cervical intra-
epithelial neoplasia 2/3 was identified in 32.7% of hrHPV-
positive females compared with 1.2% in hrHPV-negative
females. The sensitivity, specificity, positive predictive val-
ue, and negative predictive value of ASC-H cytology in
conjunction with hrHPV DNA testing results for detection
of cervical intraepithelial neoplasia 2/3 were 96.1% versus
100.0%, 54.0% versus 68.4%, 35.8% versus 20.8%, and
98.1% versus 100.0% in females younger than 40 years
and women 40 years and older, respectively.

Conclusions.—Our data suggest that reflex hrHPV test-
ing is a highly useful option for women with ASC-H Pap
tests. Females with ASC-H and negative hrHPV testing may
be more efficiently managed by follow-up with regular Pap
and hrHPV testing rather than universal colposcopy, es-
pecially for women 40 years and older.

(Arch Pathol Lab Med. 2008;132:1874-1881)

both cytotechnologists and cytopathologists. The reported
incidence of cases interpreted as ASC-H varies signifi-
cantly among laboratories and has ranged from 0.22% to
1.09% of all Pap test results; the reported rate of subse-
quent histologic diagnoses of cervical intraepithelial neo-
plasia (CIN) 2/3 on follow-up tissue studies also varies
widely and has ranged from 12.2% to 68.2%.%'” In addi-
tion, the reported rates of high-risk human papillomavirus
(hrHPV) DNA detection in ASC-H cases also have ranged
widely, from 33.3% to 85.6%.2457-111418-34

Despite the reported variability in ASC-H reporting
rates, histologic outcomes, and association with hrHPV
DNA, Consensus Follow-up Guidelines from the Ameri-
can Society for Colposcopy and Cervical Pathology con-
tinue to suggest universal colposcopic referral to women
with a Pap interpretation of ASC-H.**%¢ This recommen-
dation was based primarily on data generated from the
Atypical Squamous Cells of Undetermined Significance/
Low-Grade Squamous Intraepithelial Lesion (ASC-US/
LSIL) Triage Study (ALTS), in which ASC-H interpreta-
tions were rendered only on follow-up thin-layer cytology
slides interpreted by a small group of 4 pathologists des-
ignated the Pathology Quality Control Group.? This group
identified 110 ASC-H cases during internal quality control
reviews and reported that 84% tested positive for hrHPV
DNA.
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Today’s general practice settings, however, differ in a
number of important ways from the ALTS trial, a highly
selective scenario in which all enrolled patients had ab-
normal ASC-US or LSIL Pap findings based on commu-
nity conventional Pap smears interpreted according to the
Bethesda System 1991 (TBS1991).%” Enrollment and refer-
ral ALTS slides interpreted as ASC-US based on 1991 ter-
minology could now be easily reclassified using current
TBS2001 terminology as: (1) negative if formerly ASC-US,
favor reactive; (2) ASC-US if suggestive of low-grade or
intermediate-grade squamous intraepithelial lesion; and
(3) ASC-H if suggestive of HSIL.? Furthermore, the small
number of internal ASC-H interpretations in ALTS were
rendered only by 4 designated, closely interacting review
pathologists. Also, ALTS data reflect findings in a youn-
ger-than-average patient age population (median age, 24
years).'* More diverse studies reflecting larger numbers of
reviewing pathologists consistently show that ASC-H in-
terpretations are highly subjective and have limited repro-
ducibility, even when using standardized published cri-
teria.”” Other studies, even studies using similar cytologic
and hrHPV DNA test methods as ALTS, have demonstrat-
ed a range of significantly lower rates of hrHPV DNA
detection for women with ASC-H Pap tests than reported
in ALTS*

The 2001 American Society for Colposcopy and Cervical
Pathology guidelines recommended reflex hrHPV DNA
testing as the preferred approach for managing women
with a liquid-based cytology Pap test result of ASC-US,
and it has been estimated recently that 85% of all ASC-
US Pap tests in the United States are now routinely re-
ferred for reflex hrHPV DNA testing.?® A number of small-
er studies have presented data suggesting that hrHPV
DNA testing for triage of ASC-H in a number of practice
settings can also reduce substantially the number of wom-
en who are referred for colposcopy without increased risk
for failure to detect high-grade squamous lesions.t Au-
thors in other small studies have presented data support-
ing the American Society for Colposcopy and Cervical Pa-
thology Guideline position,'%1% reflecting the substantial
diversity of laboratory experience.

Given the variability of reported findings and the lim-
ited number of patients in most studies, larger studies are
clearly needed for further consideration of a possible role
for hrHPV DNA in the management of selected popula-
tions of women with ASC-H Pap test results. In this study,
we report results from the largest number of females stud-
ied to date with ASC-H Pap and concurrent hrHPV DNA
test results. Histologic outcomes reflect actual reported re-
sults from a large, subspecialized, academic women'’s hos-
pital practice. The impact of the presence or absence of an
endocervical/ transformation zone sample (EC/TZS) in fe-
males with ASC-H Pap test results is also reported for the
first time.

MATERIALS AND METHODS

Case Selection and Cytology Screening

A retrospective study was designed and initiated after obtain-
ing approval from the institutional review board at the University
of Pittsburgh Medical Center. A computer-based search was car-
ried out to retrieve Pap tests with ASC-H interpretations and

* References 9, 11, 20-22, 25, 26, 28-32, 34.
+ References 7, 9, 11, 20, 22, 24-26, 28, 32.
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with concomitant hrHPV DNA testing during a 30-month period
from July 1, 2005, to December 31, 2007. All specimens were
processed at Magee-Womens Hospital of the University of Pitts-
burgh Medical Center pathology laboratory and reported using
the current TBS2001 terminology.! The Magee-Womens Hospi-
tal/University of Pittsburgh Medical Center cytopathology lab-
oratory is a large, subspecialized, academic hospital laboratory
which consistently reports more than 110000 Pap tests per year
from a large, integrated, 20-hospital health system and which
serves a metropolitan area with a significantly older age profile
than the national average.* The presence or absence of an EC/
TZS was documented from the laboratory information system
files. ThinPrep Pap tests (TPPTs) were prepared according to
manufacturer’s specifications from PreservCyt samples using an
automated processor (ThinPrep 3000, Cytyc Corp, Marlborough,
Mass). Staining of slides was done on a Sakura Tissue Tek Au-
tomated Slide Stainer according to a Food and Drug Administra-
tion—approved manufacturer’s protocol. Location-guided, com-
puter-assisted screening of TPPT slides was accomplished using
the ThinPrep Imaging System (TIS; Cytyc).* The TIS performed
analysis of batches of up to 250 TPPT slides with specialized
image software. The protocol was the same as that described in
our previous reports.?#? In general, an ASC-H interpretation was
rendered when small, rounded squamous cells with dense lim-
ited cytoplasm, enlarged and euchromatic or hyperchromatic nu-
clei, and some degree of nuclear membrane irregularities were
identified. The EC/TZS status was determined according to the
method described in TBS2001; that is, at least 10 well-preserved
endocervical or squamous metaplastic cells, singly or in clusters.
In all cases in which the 22 fields did not contain enough endo-
cervical or squamous metaplastic cells, the cytotechnologists
manually rescreened the entire TPPT slide to determine EC/TZS
status using the same criteria.

High-Risk HPV DNA Detection

High-risk HPV DNA testing was ordered by clinicians accord-
ing to several ordering options: reflex testing triggered by inde-
terminate abnormal ASC Pap test results, routine cotesting with
Pap testing in women 30 years and older, and hrHPV DNA co-
testing regardless of age or Pap test result (HPV regardless).
High-risk HPV DNA detection was performed by the commer-
cially available Food and Drug Administration-approved Hybrid
Capture 2 (HC2) System (Digene Corp, Gaithersburg, Md). The
results of hrHPV testing were either positive or negative. Patients
who had equivocal results or residual samples with quantities
insufficient for hrHPV DNA testing were excluded from this
study.

Histopathologic Follow-up

Histopathologic follow-up included endocervical curettage,
cervical biopsy, cervical conization by loop electrosurgical exci-
sion procedure or cold knife conization. Time elapsed from Pap
testing until colposcopic examination and cervical biopsy, follow-
up procedures, and histologic findings were abstracted from rec-
ord reviews. The surgical pathology slides of all cases with CIN
were reviewed by 2 surgical pathologists to confirm the diag-
noses. In this study, CIN terminology refers exclusively to his-
topathology results. The degree of CIN was categorized as CIN
2 or higher (CIN 2/3) and CIN 1. For patients undergoing 2 or
more procedures during the follow-up period, only the most ab-
normal histologic diagnosis was recorded. All outcomes were
stratified by age and presence or absence of an EC/TZS.

Statistical Analysis

The 95% confidence intervals (CIs) for the frequency of hrHPV
DNA detection were obtained by a Wald test. Comparison of cat-
egoric data was performed using standard contingency table
analyses based on the x?2 test or Fisher exact test for small number
using the SAS 9.1 system (SAS Institute Inc, Cary, NC). P values
of <.05 were considered statistically significant.
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Table 1. High-Risk Human Papillomavirus (hrHPV) Prevalence in Females With Atypical Squamous Cells, Cannot
Exclude High-Grade Squamous Intraepithelial Lesion ThinPreE) Papanicolaou Test Results With and Without an
Endocervical/Transformation Zone Sample (EC/TZS): 10-Year Interval
Total EC/TZS Present EC/TZS Absent
No. Positive No. Positive No. Positive
hrHPV 95% Confidence  hrHPV hrHPV

Age, y Tested No. % Intervals Tested No. % Tested No. % P
10-19 68 56 82.4 73.3-91.5 64 52 81.3 4 4 100.0 >.99*
20-29 488 284 58.2 53.8-62.6 453 263 58.1 35 21 60.0 .86
30-39 302 129 42.7 37.1-48.3 282 118 41.8 20 11 55.0 35
40-49 195 68 34.9 28.2-41.6 184 64 34.8 11 4 36.4 .92
50-59 89 36 40.4 30.2-50.6 75 29 38.7 14 7 50.0 43
60-69 30 13 43.3 25.6-61.0 26 11 42.3 4 2 50.0 >.99*
70-79 15 3 20.0 0-40.2 15 3 20.0 0 0 0
Total 1187 589 49.6 46.8-52.4 1099 540 49.1 88 49 55.7 24

* Fisher exact test.

Table 2. High-Risk Human Papillomavirus (hrHPV)
Prevalence in Older and Younger Females With
Atypical Squamous Cells, Cannot Exclude High-Grade
Squamous Intraepithelial Lesion ThinPrep
Papanicolaou Test Results (2 Age Groups)

No. Positive
Age  hrHPV 95% Confidence
Groups, y Tested  No. % Intervals P

<30 556 340 61.2 57.1-65.3 <.001
=30 631 249 39.5 35.7-43.3

<40 858 469 54.7 51.4-58.0 <.001
=40 329 120 36.5 31.3-41.7

RESULTS

Prevalence of hrHPV in Females With ASC-H Pap Tests

During the July 1, 2005, to December 31, 2007, 30-month
study period, 277400 Pap tests were reported, including
270338 (97.5%) TPPT and 7062 (2.5%) conventional Pap
smears. The number of ASC-H interpretations during this
period was 1646 (1619 TPPT and 27 conventional Pap
smears), 0.59% of all Pap results. The ASC-H detection
rate was 0.60% in TPPT and 0.38% in conventional Pap
smears. The difference in ASC-H detection rates between
TPPT and conventional Pap smears was statistically sig-
nificant (P = .02). Of 1619 females with an ASC-H TPPT
result, 1187 patients (73.3%) had a concurrent hrHPV
DNA test result. The age of females with ASC-H TPPT
and reflex HC2 hrHPV DNA test results ranged from 14
to 88 years, with a mean age of 34 years and a median
age of 30 years. A positive hrHPV DNA result was ob-
tained in 589 (49.6%) of a total of 1187 females with ASC-
H Pap results. The age-related hrHPV DNA prevalence
analyzed in 10-year intervals and the 95% Cls are shown
in Table 1. Patients with ASC-H Pap results who tested
positive for hrHPV DNA were younger than those with
negative hrHPV DNA results, with a peak infection rate
in females younger than 20 years (82.4%). There was a
clear decline in the hrHPV DNA prevalence in older age
groups. When females were divided into 2 age groups,
younger than 30 years and 30 years and older, the hrHPV
DNA rate in 556 females younger than 30 years was 61.2%,
significantly higher than the 39.5% hrHPV DNA rate in
631 women 30 years and older (Table 2). The difference in
hrHPV DNA-positive rates was significant between fe-
males younger than 40 years and women 40 years and
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older (54.7% vs 36.5%; P < .001; Table 2). No statistically
significant variation in hrHPV DNA detection rates was
identified when comparisons were made between females
with ASC-H Pap results with and without an EC/TZS in
all age groups (Table 1).

Histopathologic Follow-up Results

Histopathologic follow-up results were assessed for
women with ASC-H TPPT and concurrent hrHPV DNA
test results between July 2005 and June 2007. Among 926
women with ASC-H Pap results and concurrent hrHPV
DNA testing results, 421 patients had either no histologic
follow-up data, repeat cytology results only, or endocer-
vical curettage only. These patients with limited follow-
up were excluded from our histopathologic follow-up
analyses. A total of 505 females with ASC-H Pap test and
concurrent hrHPV DNA test results had at least 1 follow-
up cervical biopsy result in our system. These follow-up
biopsy results included 257 females (50.9%) with positive
hrHPV DNA results and 248 females (49.1%) with nega-
tive hrHPV DNA results. The 505 females with subse-
quent histopathologic follow-up ranged in age from 15 to
87 years (mean, 34 years; median, 31 years). The average
follow-up duration (period between the ASC-H Pap test
and the last cervical biopsy) was 75 days, ranging from 0
days (few cases with biopsies obtained synchronously) to
19 months.

A total of 101 females had 2 or more biopsies, including
66 loop electrosurgical excision procedure/cone biopsies
and 6 hysterectomies. The detailed histopathologic follow-
up results, correlated with hrHPV DNA test results and
stratified by age, are presented in Table 3. Cervical intra-
epithelial neoplasia 2/3 was identified in 87 (17.2%) of 505
females with ASC-H during the follow-up period. A total
of 90.8% (79/87) of the initial histologic diagnoses of CIN
2/3 were on the first cervical biopsy, 6.9% (6/87) on the
second cervical biopsy, and 2.3% (2/87) on the loop elec-
trosurgical excision procedure/cone biopsy. The average
period between the ASC-H Pap test and the initial diag-
nosis of CIN 2/3 was 63 days, ranging from 6 days to 13
months. A total of 76 (87.4%) of 87 cases of histologic CIN
2/3 were diagnosed within 3 months, and 80 (92.0%) were
within 4 months.

Correlation Between hrHPV DNA Results and
Subsequent Histopathologic CIN
The comparison of the histopathologic outcomes in
women with positive and negative hrHPV DNA results
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Table 3. Histologic Follow-up Results in Females With Atypical Squamous Cells, Cannot Exclude High-Grade

Squamous Intraepithelial Lesion Comparing High-Risk Human Papillomavirus (hrHPV)-Positive and —-Negative Groups
Stratified by Ages*
hrHPV Positive hrHPV Negative
CIN 2/3, CIN 1, CIN 2/3, CIN 1,

Age, y F/U, No. No. (%) No. (%) F/U, No. No. (%) No. (%) P (CIN 2/3) P(CIN 1)
10-19 19 2 (10.5) 6 (31.6) 5 0 0
20-29 118 40 (33.9) 37 (31.4) 79 0 19 (24.1) <.001 27
30-39 67 31 (46.3) 18 (26.9) 73 3 4.1 7 (9.6) <.001 .008
40-49 33 8 (24.2) 10 (30.3) 52 0 2 (3.8) <.001+ .001t
50-59 12 3 (25.0) 4 (33.3) 21 0 4 (19.0)
60-69 6 0 1(16.7) 10 0 0
70-79 2 0 0 8 0 0
Total 257 84 (32.7) 76 (29.2) 248 3(1.2) 32 (12.9) <.001 <.001

* F/U indicates follow-up; CIN, cervical intraepithelial neoplasm.
t Fisher exact test.

Table 4. Histologic Follow-up Results Comparing Older and Younger Females With Atypical Squamous Cells, Cannot
Exclude High-Grade Squamous Intraepithelial Lesion ThinPrep Papanicolaou Test Results*
CIN 2/3 CIN 1
Age 95% Confidence 95% Confidence
Groups, y  F/U, No. No. % Intervals P No. % Intervals P
<40 361 76 21.1 16.9-25.3 <.001 87 24.1 19.7-28.5 .02
=40 144 11 7.6 3.3-11.9 21 14.6 8.8-20.4
Total 505 87 17.2 13.9-20.5 108 21.4 17.8-25.0

* F/U indicates follow-up; CIN, cervical intraepithelial neoplasm.

stratified by patients’ ages is shown in Table 3. Both CIN
2/3 and CIN 1 were identified on histologic follow-up in
a significantly greater proportion of females who were
hrHPV DNA positive than in females who were hrHPV
DNA negative. With any grade of CIN as the clinical end-
point, the cumulative CIN detection rate was 38.6% (195/
505). The CIN detection rate was 62.3% (160/257) in fe-
males with positive hrHPV DNA testing, significantly
higher than the 14.1% (35/248) in females with negative
hrHPV DNA testing (P < .001). In the hrHPV DNA-pos-
itive group, 84 (32.7%) of 257 patients (95% CI, 27.0-38.4)
had a subsequent histologic diagnosis of CIN 2/3. In com-
parison, only 3 (1.2%) of 248 females (95% CI, 0-2.6) in
the hrHPV DNA-negative group had a follow-up tissue
diagnosis of CIN 2/3. This difference was statistically sig-
nificant, with a P value of <.001. Females 30 to 39 years
of age in the hrHPV DNA-positive group had the greatest
risk (46.3%; 95% CI, 34.4-58.2) for CIN 2/3 on follow-up.
Adenocarcinoma in situ was histologically diagnosed in 4
females with ASC-H, 1 in her 20s, 2 in the 30s age range,
and 1 in her 70s. Two of four cases coexisted CIN 2/3.
All 4 females with adenocarcinoma in situ tested positive
for hrHPV DNA.

Relationship Between Age and Histopathologic Follow-up

When stratified into 2 age groups irrespective of hrHPV
DNA test results, 76 (21.1%) of 361 females in the younger
age group (<40 years) had a histologic diagnosis of CIN
2/3. In comparison, 11 (7.6%) of 144 cases in the older
(=40 years) group had a follow-up diagnosis of CIN
2/3. This difference was statistically significant (Table 4).
When stratified into 2 age groups and including only
hrHPV DNA-positive females, 73 (35.8%) of 204 females
younger than 40 years had CIN 2/3 in follow-up biopsies,
and only 11 (20.8%) of 53 women 40 years and older had

Arch Pathol Lab Med—Vol 132, December 2008

HPV Testing Is Useful in Females With ASC-H—Bandyopadhyay et al

CIN 2/3. The difference was statistically significant (P <
.001). The difference in CIN 1 detection rates was statis-
tically significant between females with positive and neg-
ative hrHPV DNA test results (Table 3) and also between
females younger than 40 years and women 40 years and
older age groups (Table 4).

Positive Predictive Value, Negative Predictive Value,
Sensitivity, and Specificity of hrHPV DNA Testing Results
for CIN 2/3

When an ASC-H cytology result was considered by it-
self, it had a positive predictive value (PPV) of 17.2% for
detection of CIN 2/3. However, when the ASC-H cytology
result was used in conjunction with a positive hrHPV
DNA test result, the PPV for CIN2/3 detection almost
doubled (32.7%). A negative hrHPV DNA test had a neg-
ative predictive value of 98.8% in predicting nondetection
of CIN 2/3. The sensitivity and specificity for reflex
hrHPV DNA testing to detect CIN 2/3 in females with
ASC-H were 96.6% and 58.6%, respectively. When strati-
fied into 2 age groups (<40 years and =40 years), the
sensitivity, specificity, PPV, and negative predictive value
of ASC-H cytology in conjunction with reflex hrHPV
DNA testing results for detection of CIN 2/3 were 96.1%
versus 100.0%, 54.0% versus 68.4%, 35.8% versus 20.8%,
and 98.1% versus 100.0%, in females younger than 40
years and women 40 years and older, respectively.

EC/TZ Sampling and CIN Detection
The presence or absence of an EC/TZS did not affect
the subsequent rates of diagnoses of CIN 2/3 or CIN 1 in
the younger or older age groups (Table 5).
COMMENT
The category of ASC-H is a relatively new abnormal
result category and was first included in TBS2001 nomen-

1877



Table 5.

Histologic Follow-up Results in Females With Atypical Squamous Cells, Cannot Exclude High-Grade
Squamous Intraepithelial Lesion ThinPrep Papanicolaou Test Results With and Without Endocervical/Transformation
Zone Sample (EC/TZS)*

EC/TZS Present EC/TZS Absent P
Age, y Total No. CIN 2/3, No. (%) CIN 1, No. (%) Total No. CIN 2/3, No. (%) CIN 1, No. (%) CIN 2/3 CIN 1
<30 203 38 (18.7) 54 (26.6) 4 (22.2) 8 (44.4) .75 1
=30 267 41 (15.4) 43 (16.1) 4 (23.5) 3(17.6) 37 74t
Total 470 79 (16.8) 97 (20.6) 8 (22.9) 11 (31.4) .36 13

* CIN indicates cervical intraepithelial neoplasia.
t Fisher exact test.

Table 6. Accumulated Data on Atypical Squamous
Cells, Cannot Exclude High-Grade Squamous
Intraepithelial Lesion Prevalence in Women With
Liquid-Based Cytology Papanicolaou (Pap) Test
(Literature Review)
Positive
Reference Total No. No. %
Lee and Ng,* 2007 10745 36 0.34
Taraif et al,> 2005 107021 257 0.24
Geisinger et al,* 2007 20354 222 1.09
Gupta et al,” 2007 29475 60 0.22
McHale et al,? 2007 83667 488 0.58
Wau et al,” 2006 119659 377 0.32
Duncan and Jacob,’ 2005 60390 414 0.69
Srodon et al,” 2005 30658 96 0.31
Stany et al,'> 2006 76675 223 0.29
Saad et al,’* 2006 152495 800 0.52
Selvaggi,'* 2003 9214 25 027
Shidham et al,’> 2007 77979 255 0.33
Total 778332 3253 0.42
Current study 270338 1619  0.60
Davey et al,'” 2004 0.57*

* Mean rate for ThinPrep Pap tests from 122 laboratories.

clature.® This interpretation is usually based on presence
of small metaplastic squamous cells, arranged in clusters
or present singly, with a high nucleus to cytoplasmic ratio,
nuclear granularity, hyperchromasia, and nuclear mem-
brane irregularities and thickening. Although cytomor-
phologic criteria have been described for this category,
there is a significant degree of variability and subjectivity
in its application, resulting in interobserver and even in-
traobserver variability and limited reproducibility. In a
study by Quddus et al,* the overall agreement among re-
viewers for ASC-H was 20%, with a poor interobserver
value of 0.11. Another study reported a concordance rate
of only 14% for an interpretation of ASC-H.* The detec-
tion rates for ASC-H have varied significantly in the lit-
erature, ranging from 0.22% to 1.09% with a calculated
mean of 0.42% in liquid-based cytology (Table 6). Bethes-
da 2001 implementation and reporting rates from the Col-
lege of American Pathologists interlaboratory comparison
programs in cervicovaginal cytology indicate that the
mean rate of ASC-H was 0.57% for TPPT results from 122
laboratories.'” In our large series, the ASC-H rate was
0.60%, similar to the mean rate for ASC-H results identi-
fied in TPPT specimens in the College of American Pa-
thologists study, and slightly higher than the calculated
mean rate (0.42%) from the general cytology literature.
At Magee-Womens Hospital, location-guided, comput-
er-assisted screening of TPPT slides has been used since
2005 using the TIS. Two Cleveland Clinic abstracts report

1878 Arch Pathol Lab Med—Vol 132, December 2008

that ASC-H interpretations significantly increased after in-
troduction of the TIS and conclude that the TIS appears
to be especially effective in detecting rare small atypical
metaplastic cells.**** Modest decreases in rates of hrHPV
DNA detection and CIN 2/3 biopsy findings are also re-
ported in the abstracts, suggesting that a significant por-
tion of the previously undetected rare small atypical cells
are not precancerous cells. Other investigators have re-
ported increased detection of abnormal cases with the TIS,
including ASC-H, with little or no changes in hrHPV
DNA detection rates, suggesting that diagnostic thresh-
olds and disease prevalence can be significant variables.*>
The impact of employing different ASC thresholds on ver-
ification bias-adjusted sensitivity and specificity are large-
ly unknown.#64”

As noted earlier, current follow-up guidelines for pa-
tients with ASC-H results are for direct referral to col-
poscopy, largely based on data from 110 cases identified
by the Pathology Quality Control Panel in the ALTS trial.
In the ALTS data set, approximately 40% of patients with
an ASC-H result were subsequently diagnosed with CIN
2/3, further contributing to the American Society for Col-
poscopy and Cervical Pathology follow-up recommenda-
tion. A total of 84% of 110 females with ASC-H results in
ALTS were reportedly positive for hrHPV DNA, suggest-
ing limited efficacy for testing.?!® The ALTS trial, as noted
earlier, was a limited, highly selected clinical trial in which
all entry Pap tests were abnormal conventional smears re-
ported using TBS1991 terminology. Moreover, ALTS re-
flected a relatively young age population (median age, 24
years). Additional studies utilizing liquid-based cytology
have indicated a lower hrHPV-positive rate for ASC-H
women compared with the ALTS study, as low as 33.3%
(Table 7).

The purpose of this study was to evaluate the histologic
outcomes in patients with an ASC-H result and the pos-
sible utility of hrHPV DNA testing in stratifying risk for
a subsequent histologic diagnosis of high-grade dysplasia
on biopsy in routine practice (ie, single-pathologist inter-
pretations). We examined the prevalence of hrHPV DNA
in a series of 1187 TPPTs with an ASC-H interpretation.
To the best of our knowledge, this is the largest study to
assess CIN 2/3 risk and hrHPV DNA detection rates as-
sociated with a Pap interpretation of ASC-H. In our
ASC-H study population, the detection rate for hrHPV
DNA was approximately 50% (49.6%; 95% CI, 46.8%—
52.4%). Although this detection rate was lower than that
reported in the ALTS trial (84%-85.6%)*'® and some other
studies, this rate was higher than that reported in a num-
ber of other reports (Table 7). We combined data on
hrHPV DNA test results with HC2, including most larger
ASC-H studies in the literature, including ALTS results
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Table 7. Accumulated Data on Hybrid Capture Il High-Risk Human Papillomavirus (hrHPV)-Positive Rates in Women
With Atypical Squamous Cells, Cannot Exclude High-Grade Squamous Intraepithelial Lesion Liquid-Based Cytology
Results and Histopathologic Follow-up (Literature Review)*
Histologic CIN 2/3
hrHPV Test hrHPV Positive hrHPV Negative
No. & No. & No. CIN 2/3 Panel Review/ Year of
Tested  No. % Tested No. % Tested No. % Reclassification Publication Reference
23 17 73.9 Yes 2005 Duncan and Jacob'™
110 92 83.6 92 54 58.7 18 2 11.1 Yes 2001, 2006  Sherman et al>1®
48 38 79.2 38 22 57.9 10 0 0 Yes 2005 Liman et al™
101 82 81.2 33 16 48.5 9 0 0 Yes 2007 Nguyen et al*?
96 64 66.7 45 18 40.0 12 1 4.5 No 2006 Srodon et al™
95 54 56.8 31 13 41.9 13 1 7.7 No 2007 Reid-Nicholson et al?°
88 59 67.0 35 15 42.9 7 0 0 No 2006 Wau et al®
16 6 37.5 No 2004 Rowe et al*!
48 16 333 10 3 30.0 6 0 0 No 2005 Palma??
33 21 63.6 15 4 26.7 4 0 0 No 2006 Chivukula and Shidham?*
73 43 58.9 43 14 32.6 30 1 3.3 No 2007 Owens et al*
109 58 53.2 58 19 32.8 51 1 2.0 No 2007 You et al*
88 60 68.2 60 15 25.0 28 0 0 No 2004 El-Fakharany et al?®
40 21 52.5 21 11 52.4 13 1 7.7 No 2004 Hoschar et al®
257 151 58.8 87 33 37.9 No 2005 Taraif et al°
187 86 46.0 No 2006 O'Brien et al*®
209 105 50.2 No 2007 Howard et al*!
138 53 38.4 36 11 30.6 45 2 4.4 No 2006 Christal et al*
115 54 47.0 54 23 42.6 19 4 211 No 2007 Sullivan et al**
1874 1080 57.6 658 271 41.2 265 13 4.9 In total
1187 589 49.6 257 84 32.7 248 3 1.2 No 2008 Current

* CIN indicates cervical intraepithelial neoplasia.

(1874 women with ASC-H) and found an overall hrHPV
DNA detection rate of 57.6% (95% ClI, 55.4%-59.8%; Table
7). This average hrHPV rate is significantly lower than that
reported in ALTS.

There are a number of potential factors to explain the
significant variation in hrHPV DNA detection rates for
women with ASC-H Pap test results (33.3%-85.6%). Sig-
nificant differences in cytologic interpretation thresholds
for ASC-H interpretations are inevitably present between
different laboratories and also exist within laboratories.
Geisinger et al® reported that hrHPV DNA rates in women
with ASC-H among 5 pathologists in one laboratory
ranged from 54% to 83%. Higher hrHPV DNA rates in
women with ASC-H could indicate many things; for ex-
ample, that pathologists effectively differentiate HPV-as-
sociated ASC-H cytomorphologic changes from cell
changes of ASC-US or LSIL or that pathologists tend to
undercall true HSIL cases. On the other hand, lower
hrHPV DNA rates in women with ASC-H could indicate
that pathologists overcall ASC-H as HSIL or report more
cases with metaplastic cells and other mimics as ASC-H.

The ALTS trial represents a limited multi-institutional
study with reassessment of all Pap smear interpretations
by a panel consisting of 1 gynecologic surgical pathologist
and 3 cytopathologists. Accumulated data from studies
where ASC-H interpretations were based on adjudication
panel reviews or reclassification reveal that the hrHPV
DNA-—positive rate was 81.2% (229/282), with a 95% CI
of 76.6% to 85.8%.2101933 On the other hand, accumulated
data from studies (not including current data) without ad-
judication reviews reveals that the hrHPV DNA detection
rate was 53.5% (851/1592), with a 95% CI of 51.0% to
56.0% (Table 7),f similar to our current findings. The dif-

¥ References 5, 9, 11, 20-22, 24-26, 28-32, 34.
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ferences in hrHPV DNA detection rates between the 2
groups was statistically significant (P < .001). Interesting-
ly, the hrHPV DNA detection rate in all 4 studies with
reassessments of ASC-H Pap interpretations was more
than 70%, but was lower than 70% in all studies without
reassessment. With increased recognition of the potential
significance of atypical metaplastic squamous cells as a
possible reflection of underlying CIN 2/3 and an adverse
medicolegal climate, thresholds for abnormal interpreta-
tions may be lowered. Pathologists understand that ret-
rospectively reviewed small metaplastic cells with a high
nuclear to cytoplasm ratio and any suggestion of nuclear
abnormality are quite likely to be interpreted in outcome-
biased retrospective reviews as examples of “missed”
ASC-H or HSIL.*® Therefore, specimens that are classified
routinely as ASC-H through single-pathologist readings
can be expected to have a lower detection rate for hrHPV
DNA compared with specimens subjected to broader con-
sensus reviews.!!

Another plausible explanation for reported variations
might be that different hrHPV DNA detection rates reflect
different demographic population profiles with different
HPV prevalences. The prevalence of hrHPV DNA detected
by the Food and Drug Administration-approved HC?2 test
method in general screening groups of North American
and European women with manually screened, cytologi-
cally negative conventional and liquid-based cytology Pap
test results has been reported to vary from 5.4% to
32.7%.# A low hrHPV DNA rate of 3.9% was also reported
in 1000 cytology-normal women aged 30 years and older
(30—45) who had been screened with TIS-imaged TPPT.®
Our recent study confirmed and extended those obser-
vations with a larger dataset of more than 8000 cytologi-
cally negative patients with HC2 hrHPV DNA test results
after TIS location-guided, computer-assisted screening of
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TPPT, showing a very low hrHPV DNA rate of 2.9% in
the same population as our current study.** The hrHPV
DNA detection rate in our ASC-H cases would logically
have been influenced in part by hrHPV DNA infection
rates in our overall older-than-average, low-risk popula-
tion. High-risk HPV DNA detection rates in cytology neg-
ative women have been reported to be as much as 11 times
higher in the ALTS study population compared with our
current study population (32.7% vs 2.9%).414951

In this study, the hrHPV DNA detection rate in females
with ASC-H showed a peak infection rate in females
younger than 20 years (82.4%) and declined significantly
in women 30 years and older, as noted in numerous other
studies.>?*52 When stratified by age (<30 years and =30
years), the prevalence of hrHPV DNA in the older age
group was significantly lower (39.5%) than in the younger
age group (61.2%). The median age of the 193 females
with ASC-H was 24 years in ALTS,*® but was 30 years,
with a mean age of 34 years, in our study. Morphologic
mimics of ASC-H include atrophic changes, reactive and
reparative changes, naked nuclei, parakeratosis, and im-
mature metaplastic cells.”?#** Many of these changes
played a role in hrHPV DNA-negative ASC-H cases, es-
pecially in women 40 years and older.

ASC-H interpretations associated with follow-up histo-
logic diagnoses of CIN 2/3 have also varied significantly
in the literature. Two relatively large studies, for example,
reflect different extremes. McHale et al® reported a cu-
mulative detection rate for CIN 2/3 of 12.2% in 229
ASC-H women after 12 months of follow-up. Barreth et
al,’® in contrast, reported that 70.2% of 517 ASC-H women
had CIN 2+, including 2.9% cervical cancer and 1.7% ad-
enocarcinoma in situ, in a shorter period of follow-up. Nei-
ther study reported hrHPV DNA detection data for these
patients with ASC-H Pap test results. The CIN 2/3 his-
tologic follow-up in women with hrHPV DNA-positive
ASC-H has ranged from 25% to 58.7% in available reports
(Table 7). The accumulated mean risk of biopsy-proven
CIN 2/3 for 658 hrHPV DNA-positive ASC-H cases was
41.2%, compared with 4.9% for 265 hrHPV-negative ASC-
H cases.

In the present study, histologic follow-up was available
in 505 females with ASC-H. The CIN detection rate in
women with positive hrHPV DNA testing was 62.3%
(160/257), significantly higher than 14.1% (35/248) in fe-
males with negative hrHPV DNA testing (P < .001). The
PPV for biopsy-confirmed CIN 2/3 was 32.7% in hrHPV
DNA-—positive ASC-H cases, almost double the 17.2% PPV
for ASC-H results when hrHPV DNA test results were
unavailable. The negative predictive value of a negative
hrHPV DNA test with ASC-H results was calculated at
98.8% in all cases, and 100% in women 40 years and older.

The highest CIN 2/3 detection rate was 46.3% in wom-
en 30 to 39 years old with hrHPV DNA-positive ASC-H
results. A follow-up histologic diagnosis of CIN 2/3 was
made in 21.1% of ASC-H cases from females younger than
40 years compared with a significantly lower rate of 7.6%
in women 40 years and older (Table 3). The lower preva-
lence of hrHPV DNA infection in the older age group
would increase the specificity of hrHPV DNA testing in
the older age group. Additionally, the negative predictive
value of a negative hrHPV DNA test in this age group
(=40 years) increased to 100%, implying that adjunctive
hrHPV DNA testing after ASC-H Pap results would be
useful in minimizing risk of high-grade dysplasia, espe-
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cially in the older population. Even more limited ALTS
data suggest that hrHHPV DNA testing may be more useful
in evaluating older women with ASC-H Pap results.?

The high negative predictive value of hrHPV DNA test-
ing further suggests that women with a Pap result of
ASC-H and a negative hrHPV DNA test may only need
regular screening for follow-up as opposed to any more
extensive workup. On the other hand, the low specificity
of a positive result for hrHPV DNA—positive ASC-H cases
indicates the need for caution in interpreting these results
to patients.

There are different opinions regarding the utility of
hrHPV DNA testing for triage of women with ASC-H.
Combining the 2 screening tests (Pap testing and hrHPV
DNA testing) allows stratification of the patients into low-
and high-risk groups before deciding on referral to col-
poscopy. Colposcopy is a more invasive procedure, more
expensive, and requires an additional patient visit. Many
authors suggest that reflex hrHPV testing for the triage of
women with ASC-H Pap tests would serve as a better
method for selecting patients with ASC-H Pap results who
should wundergo immediate colposcopic examina-
tion.7,9,11,19,20,32,33

In our study, a small subset of hrHPV DNA-positive
ASC-H cases had CIN 1 on subsequent histologic exami-
nation. This result is similar to findings reported by Sro-
don et al,'' who found that 24.4% of women with hrHPV
DNA-positive ASC-H had follow-up biopsy findings of
low-grade dysplasia. In addition, approximately 12.9% of
the females who had hrHPV DNA-negative ASC-H re-
sults were diagnosed with CIN 1 on follow-up colposcop-
ic biopsy. A significant number of these females likely har-
bored the low-risk HPV subtypes, which are not detected
by the hrHPV DNA HC2 test.

Our study also documents that the presence or absence
of an EC/TZS in ASC-H cases did not affect either hrHPV
DNA detection rates or histologic follow-up results. This
finding is consistent with our recent report that HC2
hrHPV DNA detection in females with negative, LSIL, or
HSIL TPPT results is independent of cytologic sampling
of the transformation zone.*

In summary, results from our current, large ASC-H
study indicate that hrHPV DNA testing has an extremely
high negative predictive value for histologic CIN 2/3,
reaching 100% in women 40 years and older, and almost
doubles the PPV of an ASC-H Pap test result without
hrHPV DNA testing. The recommendation for colposcopic
referral for all females with ASC-H is reasonable if the
laboratory has an associated hrHPV DNA detection rate
similar to that noted in ALTS. Otherwise, reflex hrHPV
DNA testing is a highly useful option for females with
ASC-H Pap results. Routine testing for hrHPV DNA in
conjunction with an ASC-H Pap test result appears to be
useful and justified in formulating treatment options for
these patients. Our data and other studies’ results suggest
that females with ASC-H TPPT results and negative HC2
hrHPV testing can be managed by follow-up with regular
Pap and hrHPV DNA testing rather than universal col-
poscopy. The attractiveness of reflex hrHPV DNA testing
and triage is especially striking for patients 40 years and
older.
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