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Objective

cedure (LEEP) cone biopsy were the gold standard.

To test whether pl 6™NE* jmmunocytochemistry (ICC) in

liguid-based cytology (LBC) is
useful with colposcopy in ab-
normal Pap smears.

Study Design

A series of 248 women with
abnormal Pap smear were an-
alyzed for oncogenic (HR) hu-
man papillomavirus (IHPV)
types wsing the Hybrid Cap-
ture 11 assay and for p1 6N+

expression using 1CC on cervical samples in PreservCyt lig-
utd media. Colposcopic and loop electrosurgical excision pro-

In management of ASCUS,
p16'NKk4a |[CC is clearly more
specific than HCII, significantly
improving the specificity and PPV
of colposcopy.

Results

pl6™NE# [CC did best as pre-
dictor of high-grade squamous
intraepithelial lesion, with
OR 12.18 (2.72-54.57) (b=
0.0001), showing §8.2% sen-
sitivity (SE), 61.9% specifici-
ty (SP), 14.6% positive pre-
dictive wvalue (PPV) and
98.6% megative predictive
valwe (NPV). In sorting dis-

crepant cases, pl6"™NK*a JCC results in 100% SE and
100% NPV in detecting cervical intraepithelial neoplasia
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(CIN)2 lesions among Pap+/biopsy— women. In atypical
squamous cells undetermined significance (ASCUS) cytol-
ogy, adding p16™K+« [CC improves specificity of colposcopy
Sfrom 27.3% to 81.8% and PPV from 42.8% to 71.4%.
Best performance is obtained with p1 6INK4a ICC and col-
poscopy: 83.3% SE, 81.8% SP, 71.4% PPV and 90.0%
NPV.

Conclusion

p16™K%a is useful in sorting clinically relevant discrepant
cases, and pl6™NK* JCC significantly improves SP and
PPV of colposcopy in management of ASCUS cytology.
(Acta Cytol 2007;51:755-766)

Keywords: cervical intraepithelial neoplasia; col-
poscopy; cytology, liquid-based; human papillo-
mavirus; Hybrid Capture II; immunocytochemistry;
pl6™NE4a; Papanicolaou smear.

he conventional Pap test has proven its efficacy as

the only cost-effective means to reduce the inci-
dence and mortality of cervical cancer in countries
where organized screening programs have been im-
plemented (e.g., in the Nordic countries).’»? In most
other countries, the screening programs or oppor-
tunistic screening etforts have not been equally suc-
cessful, however.2-* "This has challenged the impor-
tance of this simple, cost-effective and accurate test,
attempting to question the well-documented benefits
of the Pap test as a diagnostic and screening tool.>:6
The foundations of that criticism derives from the fact
that the true character of the 2 most frequent cytolog-
ic abnormalities (low grade squamous cell lesion, low
grade squamous intraepithelial lesion [LSIL] and
atypical squamous cells undetermined significance
[ASCUS]) is still not fully understood, making their
management strategies controversial and ambigu-
ous.”?

This has prompted a vigorous testing of other diag-
nostic tools in management of women with abnormal
Pap smear results (MAPS).”-? Recently, a variety of
such tools have been extensively tested in large trials,
and different algorithms and recommendations have
been launched by several professional societies.10-14
These potential triage tools include liquid-based cy-
tology (LBC), cytology automation and testing for
human papillomavirus (HPV), the oncogenic types of
which are the single most important etiologic agents
of cervical intraepithelial neoplasia (CIN) and cervical
cancer.!>-21 The benefits and limitations (including
the cost-effectiveness) of these different approaches
have been extensively discussed in the recent litera-
i 17532

The last few years have witnessed a rapidly expand-
ing interest in molecular markers, not only as research

tools used to increase our understanding of the mo-
lecular mechanisms of cervical cancer,?3:2% but also
with increasing intensity as potential screening tools
and, most recently, as novel means to triage women
with equivocal Pap smear results.2°-29 The most in-
tensely studied of all of these molecular markers is
pl6!NK4 and emerging evidence suggests its useful-
ness as an adjunct diagnostic and screening tool, read-
ily applicable in both histologic and cytologic sam-
ples.?3:26:30-37 Tn normal cells, the activity of CDK4
and CDKG6 is strictly regulated by several CDK in-
hibitors, one of which is p16™K#4a 23.31,34 Because ex-
pression of pl16!™NK4a js regulated by a negative feed-
back from pRB, reduced or lost pRB function results
in up-regulation of pl16™K#a expression,16-18.23,31,34
Accordingly, inactivation of pRB through binding
with E7 of the high-risk human papillomavirus (hr-
HPV) types should result in up-regulated expression
of p16™K4a and the latter could represent a specific
biomarker of cells expressing HPV E7.23:31.33,34 This
in turn should have widespread implications in cervi-
cal cancer screening,?®293% and this concept has been
tested in several recent reports evaluating the role of
pl6™NK4 ag a marker of hr-HPV types,23:31.3438-41 jp
diagnosis of CIN31:#2-45 and, more recently, also SIL
cytology.¥6-4? The value of p16'™NK4a a5 3 useful mark-
er of hr-HPV, CIN and cervical cancer has been es-
tablished in most of these studies.

We here extend these studies to testing the per-
formance indicators of p16™k* immunocytochem-
istry (ICC) in MAPS.” More specifically, we com-
pared pl6™K+ ICC with 2 other diagnostic tools
(ThinPrep and Hybrid Capture IT [HCII] assay) in de-
tecting CIN 2/3 under 2 special situations (1) in man-
agement of women with equivocal Pap smear results
(ASCUS and atypical squamous cells, unable to ex-
clude high grade SIL [ASC-H]), as well as (2) in sort-
ing out clinically relevant discrepant cases, where con-
ventional tests give discordant results. The major aim
was to assess whether inclusion of pl6!NK4a ICC
would be of added value in this type of real-life setting
of a major colposcopy referral clinic.

Materials and Methods
Patients

In the present study, we examined 248 women re-
ferred for colposcopic examination due to an abnor-
mal Pap smear in a colposcopy clinic in Paris, France.
All women were examined in the Institute Alfred
Fournier (IAF), during November and December
2005, by 2 certified colposcopists (J.M. and G.P.). The
mean age of the women was 35.1 years (SD 10.4, range
17-70, median 32.8). The women had a Pap smear
taken in different clinics in Paris and were referred for
colposcopic examination to TAF. All women had a new

756 ACTA CYTOLOGICA  Volume 51 Number5 September-October 2007



p16'™K4ain Equivocal Pap Test Management

cervical cytology sample taken, and all were examined
by colposcopy and cervical biopsy or treated by loop
electrosurgical excision procedure (LEEP) cone.

Cytology

All women had a previous Pap smear taken within 2-3
months before their enrollment in the study (i.e., the
referral Pap), performed by community physicians.
These baseline smears were examined by cytologists
in several laboratories in Paris and were not available
for reexamination by the authors. The smears were
classified according to the 2001 Bethesda System
(TBS 2001), and these original diagnoses were the
baseline referral Pap smear diagnoses. The following
diagnostic categories were included: ASCUS, 98
cases; ASC-H, 18 cases; LSIL, 105 cases; and high
grade squamous intraepithelial lesion (HSIL) 27 cases
(n=248).

In the referral clinic, a new cervical cytology sample
was taken from all of the women. Cervical samples for
LBC were collected by a specially designed sampling
device, which was rinsed into an LBC medium, Pre-
servCyt (ThinPrep liquid Pap vial) (Cytyc Corpora-
tion, Marlborough, Massachusetts, U.S.A.) and pre-
pared for ThinPrep specimens, following the
manufacturer’s recommendations. This medium is
also validated for use with the HCIT for HPV test-
ing.30

Colposcopy

After sampling for LBC and HPV DNA testing (sep-
arately), colposcopic examination of the cervix, vagina
and vulva was performed for all patients by 2 colpo-
scopists, using a jointly agreed upon protocol. Lesions
in the transformation zone (TZ) were assessed by ap-
plying 5% acetic acid and iodine solution, under
% 8—12 magnification. If colposcopy proved unsatisfac-
tory, further exploration of the endocervix was sys-
tematically carried out under x 20 magnification using
a Koogan speculum.’® The International Federation
for Cervical Pathology and Colposcopy nomencla-
ture’! was used to classify the colposcopic patterns as
normal; abnormal TZ (ATZ) with minor changes
(with or without features of HPV infection), suggest-
ing low grade CIN (CIN 1); ATZ with major changes
suggesting CIN 2/3; and cancer. For statistical analy-
sis, colposcopic results were dichotomized as either
normal or abnormal.

Biopsy Procedures. All 248 women underwent colpo-
scopic examination, with biopsy or LEEP. LEEP cone
biopsy was performed in cases with (1) Pap test show-
ing HSIL and ATZ in colposcopy; (2) regardless of
the Pap test result, if the ATZ was large (250% of TZ
area); (3) an endocervical lesion and unsatisfactory
colposcopy; or (4) ATZ and a squamocolumnar junc-

tion localized >3 mm within the endocervix. Alto-
gether, 42 women underwent treatment by LEEP
cone, while the rest (n=206) had a directed punch
biopsy taken.

Histology

All biopsies were examined in 1 pathology laboratory
in Paris (Laboratoire Claude-Levy) and reported by 1
pathologist (R.D.). Histologic assessments were made
as blinded by the HPV DNA status. In classifying the
biopsies and LEEP samples, the CIN terminology was
adopted.>-%16 For simplicity, histology was graded as
normal (including metaplasia), CIN (including flat
condyloma) and CIN 2+ (including CIN 3 and cervi-
cal cancer). In calculating the performance character-
istics of pl6™NK# ICC, cytology, colposcopy and
HCIT assay, we analyzed the biopsies and LEEP sam-
ples separately, used as the gold standard, and in sta-
tistical calculations, different cutoff values were tested:
CIN 1 and CIN 2/3.

p16/Nk4a JCC. TICC analysis for pl6™K#4a was per-
formed on the same samples as prepared for LBC
(ThinPrep). Only the slides with a sufficient amount
of cells were subjected to ICC analysis. The ICC pro-
cedures were performed using the CINtec pl6™VK#a
Cytology Kit (Dako Cytomation AS, Clostrup, Den-
mark), designed for use on cytology specimens pre-
pared either in the conventional way or using LBC.
Technical details of the test have been described in
previous studies using this assay.?%:36:46,48.49 The visu-
alization system of the CINtec p16™k4 Cytology Kit
is based on an optimized polymer and reagent for cy-
tology specimens. The product is delivered in a kit
format in which all reagents have been through exten-
sive validation and quality control in order for the kit
to perform with the most consistent results.

Evaluation of the ICC Staining. Evaluation of the ICC
staining was performed by screening the whole slide at
lower magnification and controlling the staining at
magnification of x400. All positive cells were counted
in whole slide, and p16 reaction was classified positive
if nuclear or cytoplasmic immunostaining was clearly
demonstrated. In statistical calculations, reactions to
pl6™E4 were considered as positive or negative and
not graded any further.

Hybrid Capture Il (HCH) in LBC Medium

Separate specimens for HCII test were collected into
PreservCyt LBC media (ThinPrep liquid Pap vial),
validated for use with the HCII assay, following the
manufacturer’s instructions. Specimens collected in
PreservCyt medium were transported to a laboratory
at 2-30°C. Before analysis, specimens may be stored at
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room temperature for up to 21 days or at 2-8°C for up
to 8 weeks. The HCII assay was performed according
to the instructions of the manufacturer (Digene Co.,
Gaithersburg, Maryland, U.S.A)). In estimation of
positive reactions, samples were considered positive if
the relative light units/control were >1.0.52 Only hr-
HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59 and 68) were tested in these samples.

Statistical Analysis

Statistical analyses were performed using the SPSS
(SPSS for Windows, 13.1, Chicago, Illinois, U.S.A.)
and STATA (STATA/SE 9.1, StataCorp, College
Station, Texas, U.S.A.) software packages. Frequency
tables were analyzed using the ¥? test, and the likeli-

hood ratio (LLR) statistics or Fisher’s exact test (where
appropriate) were used to assess the correlation be-
tween the categorical variables. OR and 95% CI were
calculated where appropriate. Differences in the
means of continuous variables between the groups
were analyzed using nonparametric tests (Mann-
Whitney). Performance indicators of pl16™k4 ICC,
LBC, conventional cytology, colposcopy and HPV
testing in detection of the outcome variables (CIN 1
or CIN 2/3) were calculated using the conventional
contingency tables for sensitivity, specificity, positive
(PPV) and negative predictive value (NPV), with 95%
CI based on the F-distribution (£1.96 x SE). The
agreement (reproducibility) of cytologic diagnosis was
controlled by comparing the diagnosis of the referral

Tablel Results of the Diagnostic Tests as Related to Each Other and Cervical Biopsy

Diagnostic
pl1é6
Cytology Positive Negative
Outcome test N ASC ASH LSIL HSIL No. % No. %
Cytology
Normal 57 (35.6) 103 (64.4)
ASCUS 10 (58.8) 7 (41.2)
ASC-H 13 (52.0) 12 (48.0)
LSIL 8(27.6) 21(724)
HSIL 15(88.2) 2(11.8)
p=0.00012
pl6
Positive 55.3 97 126 7.8 14.6
Negative 71.0 4.8 83 145 14
p=0.0001
HCII
Positive 53.4 9.2 14.1 14.1 9.2 77 (47.2) 86 (52.8)
Negative 859 24 24 Fa| 2.4 26 (30.6) 59 (69.4)
p=0.0001 p=0014
Colposcopy
Normal 84.1 3.7 1.2 8.5 24 31(37.8) 51(62.2)
Abnormal 54.8 8.4 14.5 133 9.0 72 (43.4) 94 (56.6)
Major change 42.3 9.6 19.2 9.6 19.2 36 (69.2) 16 (30.8)
N/AB; p=0.0001 N/AB; p=0.415
MC/NMC; p=0.0001 MC/NMG; p=0.0001
Biopsy
Normal (metaplasia) 81.5 3.7 4.6 93 0.9 33(30.6) 75 (69.4)
CIN 1 (flat
condyloma) 58.3 10.0 8.3 21.7 7 16 (26.7) 44 (73.3)
CIN 2 and more 333 185 1.1 74 29.6 18 (66.7) 9(33.3)
p=0.0001 p=0.001
LLETZ
Normal (meta-
plasia) 83.3 0.0 16.7 0.0 0.0 4 (66.7) 2(33.3)
CIN 1 (flat con-
dyloma) 62.5 12.5 25.0 0.0 0.0 4(50.0) 4 (50.0)
CIN 2 and more 357 36 286 7.1 25.0 21 (75.0) 7(25.0)
p=0.01 p=0.416

AB = abnormal, MC = dichotomized (major change vs. no major change [NMCJ); N = normal; N/AB, dichotemized (normal vs, abnormal).

@Fisher’s exact test.
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Pap smear with the current LBC cytology, using
Cohen’s k and weighted x (intraclass correlation coef-
ficient). In all tests, values p<0.05 were regarded as
statistically significant.

Results

The results of the different tests are related to each
other as shown in Table I. There was only a modest
concordance between the referral Pap and the current
LBC, Cohen’s x = 0.400 (95% CI 0.358-0.442)
(p=0.028), and only the LBC results are used in all
calculations. Cytologic abnormality is significantly re-
lated to p16™K4a expression, albeit the relationship is
not linear. HCII positivity increases with cytologic ab-
normality. Cytology also closely correlates with ab-

normal colposcopy and colposcopy with major
changes. p16'™K42 expression is also significantly re-
lated to HCII test result (p=0.014) and abnormal col-
poscopy with both cutoffs (p=0.0001). HCII result is
significantly (p=0.0001) related to cytologic and col-
poscopic abnormality. Histology was analyzed sepa-
rately for cervical biopsies (n=206) and LEEP cones
(n=42). In biopsy, histologic grade bears a significant
correlation to LBC, HCIL, and abnormal colposcopy
and also with pl6INK4 expression. Albeit showing a
similar trend, due to the small number of LEEP sam-
ples, these correlations showed a lower statistical sig-
nificance.

Table II summarizes the performance indicators of
each test as predictors of different outcomes at various

test
HCll
Positive Negative Colposcopy
No. % No. % N N/AB MC
87 (54.4) 73 (45.6) 69 (43.1) 91 (56.9) 22 (13.8)
15(88.2) 2(11.8) 3(17.6) 14 (82.4) 5(29.4)
23 (92.0) 2(8.0) 1(4.0) 24 (96.0) 10 (40.0)
23(79.3) 6(20.7) 7(24.1) 22(75.9) 5(17.2)
15(88.2) 2(11.8) 2(11.8) 15(88.2) 10 (58.8)
p=0.00012 p=0.00012 p=0.0001
77 (74.8) 26 (25.2) 31(30.1) 72 (69.9) 36 (35.0)
86 (59.3) 59 (40.7) 51(35.2) 94 (64.8) 16(11.0)
p=0014 p=0415 p=0.0001
45 (27.6) 118 (72.4) 49 (30.1)
37 (43.5) 48 (56.5) 3(3.5)
p=0.012 p=0.00012
45 (54.9) 37 (45.1)
118 (71.1) 48 (28.9)
49(94.2) 3(5.8)
N/AB; p=0.012
MC/NMG; p=0.00012
56(51.9) 52 (48.1) 42 (38.9) 66 (61.1) 4(3.7)
37 (61.7) 23(383) 55(91.7) 5(8.3) 3(5.0)
26 (96.3) 1(3.7) 27 (100) 0(0.0) 17 (63.0)
p=0.0001 **p=0.0001 **p=0.0001
4(66.7) 2(33.3) 2(33.3) 4 (66.7) 0(0.0)
6(75.0) 2(25.0) 8(100) 0(0.0) 2(25.0)
25(89.3) 3(10.7) 27 (96.4) 1(3.6) 24 (85.7)
p=0.342 **p=0.001 **p=0.0001
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Tablell Predictors of Abnormal Cytology (ThinPrep), Abnormal Colposcopy and CIN at Different Test and Outcome Cutoff Levels
Predictive Sensitivity Specificity PPV NPV OR (95% CI)
test Outcome cutoff % (95% Cl) % (95% Cl) % (95%Cl) % (95% Cl) % (95%Cl) p Value
pl16 Cytology: ASC-US 523 (41.4-63.0) 64.4(56.4-71.8)  44.7 (34.9-54.8) 71.0(62.9-78.3) 1.97 (1.16-3.35) 0.011
Cytology: ASC-H  50.7 (38.6-62.8)  62.1(54.6-69.3)  34.9(25.8-44.9) 75.9 (68.1-82.6) 1.68 (0.96-2.94) 0.064
Cytology LSIL 50.0 (34.9-65.1) 604 (53.3-67.2) 223 (14.7-31.6) 84.1(77.2-89.7) 1.52 (0.80-2.90) 0.246
Cytology HSIL 88.2(63.6-98.5) 61.9(553-68.2) 14.6(8.4-22.9) 98.6 (95.1-99.8)  12.18(2.72-54.57) 0.0001
Major change, 53.8(36.5-67.7) 65.8(58.7-72.4)  29.4(20.5-39.7) 843(77.6-89.7)  4.33(2.27-8.37) 0.0001
Colpo
CIN1 55.4 (44.7-65.8)  68.9(60.8-76.3) 53.1(42.7-63.4) 709 (62.7-78.3) 2.76 (1.60-4.75) 0.0001
CIN 2/3 70.9(57.1-824) 68.7(61.4-753)  40.6(30.7-51.1) 88.7 (82.2-93.4) 5.34(2.76-10.35) 0.0001
HClI Cytology: ASC-US 863 (77.3-92.7) 456 (37.7-53.6)  46.6 (38.7-54.5) 85.8 (76.6-92.4) 5.31(2.68-10.52) 0.0001
Cytology: ASC-H ~ 85.9(75.6-93.0) 423 (34.9-50.0)  37.4(29.9-45.3) 88.2(79.4-94.2)  4.48(2.15-9.32) 0.0001
Cytology LSIL 82.6(68.5-92.1) 38.1(31.3-45.2) 233(17.1-30.5) 90.6 (82.3-95.8) 2.92 (1.29-6.60) 0.005
Cytology HSIL 88.2(63.5-98.5) 35.9(29.7-42.4) 9.2 (5.2-14.7) 97.6 (91.8-99.7) 4.20(0.93-18.84) 0.061
Major change, 94.2(84.0-98.7) 41.8(34.8-49.0) 30.0(23.1-37.7) 96.4(90.0-99.2) 11.74(3.53-38.99) 0.0001
Colpo
CIN1 85.8(77.0-92.2) 48.2(39.9-56.7) 51.3(43.1-59.4) 843 (74.7-91.3) 5.67 (2.89-11.09) 0.0001
CIN 2/3 92.7(82.4-97.9) 43.7(36.1-50.9)  33.1(25.7-41.1) 95.1(88.1-98.6) 9.77 (3.39-22.80) 0.0001
Cytology
LSIL Major change, 28.8(17.1-43.0) 84.1(783-88.9) 32.6(19.5-48.0) 81.6 (75.6-86.7) 2.15(1.06-4.39) 0.039
Colpo .
CIN1 26.0(174-36.2) 86.2(79.5-91.3)  54.5(38.8-69.6) 64.7 (57.5-71.4) 2.20(1.13-4.28) 0.025
CiN 2/3 345(22.2-485) 86.2(80.4-90.9)  43.1(28.3-58.9) 81.3(75.1-86.5) 3.31(1.65-6.66) 0.001
HSIL Major change, 19.2 (9.6-32.5) 96.4(92.8-98.5)  58.8(32.9-81.5) 81.8 (76.2-86.5) 6.42(2.31-17.86) 0.0001
Colpo
N1 16.3 (9.4-25.4) 98.6 (95.1-99.8)  88.3 (63.6-98.5) 65.0 (58.3-71.2)  13.92(3.10-62.49) 0.0001
CIN 2/3) 27.2(16.1-40.9)  98.9(96.1-99.8) 88.2 (63.6-98.5) 81.8 (76.1-86.6) 33.75(7.42-153.49) 0.0001
Colpo = colposcopy.
Table lll  Discrepant Cases Sorted by Adjunct Tests
Adjunct test
Discrepancy or Cytology (LSIL cutoff) P16 (+/-)
double negative SE SP PPV NPV SE SP PPV NPV
Pap—,=CIN2 90.9 37.5 66.6 75.0
Pap+, biopsy—* 100.02 77.7 333 100.0
Pap—, colpo HG 92,93 66.6 86.7 80.0
Pap+, colpo— 00.03 57.1 00.0 80.0
p16+, biopsy—*
p16—,=CIN 2* NC? NC NC NC
p16+, Pap—
p16—, Pap+
HCll—, = CIN 2* NC? NC NC NC 66.6 100.0 100.0 50.0
HCIl+, Pap— 82.53 75.0 46.7 94.1
HClI-, = LSIL 100.03 714 33.3 100.0
p16+, HCIl- 50.03 90.9 333 95.2
p16—, HClI+ 31.83 823 36.8 78.8
HCl—, Pap— 50.03 71.0 4.7 98.0
p16—, Pap—
P16—, HClI- 00.03 91.2 00.0 96.3
P16—, colpo— 100.03 91.6 20.0 100.0
HCll-, colpo— 00.04 94.2 00.0 97.0 100.0% 68.5 83 100.0
Pap—, p16—, HCIl-

TCIN3 cutoff, 2HSIL cutoff, 3CIN2 cutoff and 4CIN1 cutoff.
*Includes both biopsy and LEEP.
NC = not computable; PAP+, LSIL or higher.
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cutoff levels of cytology and histology (biopsy and
LEEP separately). pLl6™ % performs best as predic-
tor of HSIL cytology (OR 12.18,95% CI2.72-54.57).
Sensitivity and NPV of pl6INK# [CC increases with
increasing CIN grade, being best for CIN 2/3
(p=0.0001). HCII shows similar SE across the whole
spectrum of cytologic abnormalities, while specificity
(SP) decreases and NPV increases toward HSIL.
HCII is also a sensitive predictor of CIN at the ex-
pense of declining SP and increasing NPV toward
high-grade CIN 2/3. Due to the limited number of
LEEP cases, these figures are different from those ob-
tained when biopsies are used as the reference. Per-
formance of cytology is dependent on the cutoff (i.e.,
LSIL or HSIL), the best indicators being established
for HSIL as predictor of CIN 3 (OR 55.96, 95% CI
12.1-258.7), followed by those for CIN 2 (OR 33.75,
95% CI 7.42-153.49) (for combined biopsy and
LEEP histology). :

The performance indicators for LBC, HCII and
pl6™K4 ICC in management of discrepant cases are
calculated in Table III. At the end, all possible combi-
nations of double negatives are listed and analyzed in
the same manner. Colposcopy is by far the single most
useful test, showing 100% SE and 100% NPV in solv-
ing a wide variety of discrepant situations, including
the most relevant ones (e.g., Pap—~/CIN 2/3; HCII+/
Pap—; and most of the double negatives). The clinical-
ly most relevant discrepancies include the following:

(1) Pap+/biopsy— and Pap+/colpo—; (2) HCIL+/Pap—
and pl6!NK42/Pap— and (3) HCII-/Pap— and
pl6™K+_/Pap—. Tn the management of these, both
pl6™NK4a and HCIT tests can be helpful, but in a di-
vergent manner, in part complementing each other.
Accordingly, in Pap+/biopsy— cases, performing
pl6™E4a ICC results in 100% SE and 100% NPV in
detecting CIN 2 lesions, while using HCII does the
same in Pap+/colpo— cases. In category 2, pl16™NK4a
ICC has a 82.5% SP and 94.1% NPV in detecting
CIN 2 in HCIT+/Pap— cases, while HCIT is 91.6% SE
and 95.2% NPV in detecting CIN2 in pl6m™NK4ay/
Pap— cases. When either HCIT or p16™ 42 is negative
together with a negative Pap (category 3), either of
these 2 tests will aid the correct detection of CIN 2,
with 98% NPV but with different SE, SP and PPV.
Similarly, when both HCII and colposcopy are nega-
tive, p16™K+ expression predicts CIN 1 (or higher)
with 100% SE and 100% NPV,

The role of each test as triage tools of women with
ASCUS or ASC-H cytology is summarized in Table
IV. Both HCIT and pl6™&4 [CC performs inade-
quately, if used as stand-alone tests in management of
women with ASCUS cytology. In this setting, HCIL
correctly identifies 5/6 and pl6™K4a ICC 4/6 CIN
2/3 lesions among the ASCUS patients, with 83.3%
and 66.7% SE. The latter is clearly more specific and
also has a better PPV and NPV. Of all combinations,
the best performance in management of ASCUS cy-

used
HCII (+/-) Colposcopy (N/AB)

SE SP PPV NPV SE SP PPV NPV
81.87 00.0 529 00.0 100.07 62.5 78.5 100.0
50.02 27.7 71 833 50.02 333 7.6 857
85.73 16.6 70.5 333

100.03 285 16.6 100.0
50.02 418 38 94.7 50.02 55.8 5.0 96.0
94.1" 14.2 727 50.0 94,11 00.0 69.5 00.0
91.63 555 40.7 95.2 100.03 583 444 100.0
100.03 294 36.8 100.0 85.73 235 315 80.0

NC? NC NC NC

100.03 46.8 333 100.0
100.0% 28.5 166 100.0
100.03 54.5 16.6 100.0
9543 35.2 323 96.0
100.0% 49.2 54 100.0
85.73 50.5 111 98.0 100.0% 443 114 100.0
100.03 421 5.7 100.0

100.0% 50.0 4.0 100.0
100.03 469 37 100.0
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Table IV p16/NK4e Immunocytochemistry and Other Tests in Management of Women with ASCUS Cytology

Performance in detecting CIN 2/3 lesions

Test and combination Sensitivity (95% CI) Specificity (95% Cl) PPV (95% CI) NPV (95% CI)

ASCUS 24.0(9.4-45.1) 92.4(86.7-96.1) 35.3(14.2-61.7) 87.5(81.2-92.3)
ASCUS, HCII 83.3(35.8-99.6) 9.1(0.2-41.2) 33.3(11.8-61.6) 50.0(1.3-98.7)

ASCUS, p16iNKksa 66.7 (22.3-95.6) 54,5(23.4-83.2) 444(13.7-78.8) 75.0 (34.9-96.8)
ASCUS. colposcopy 100.0 (54.1-100) 27.3 (6.0-60.9) 42.8(17.7-71.1) 100.0 (29.2-100)
ASCUS, HClI, p16!NKaa 83.3(35.9-99.6) 54.5(23.4-83.2) 50.0 (18.7-81.3) 85.7 (42.1-99.6)
ASCUS, colposcopy, HCII 83.3(35.8-99.5) 36.4(10.9-69.2) 41.7 (15.2-72.3) 80.0 (28.4-99.4)
ASCUS, colposcopy, p16/NK4a 83.3(35.9-99.6) 81.8 (48.2-97.7) 71.4 (29.0-96.3) 90.0 (55.5-99.7)
Colposcopy (alone)? 98.1 (90.2-99.9) 41.2 (33.9-48.7) 33.5(26.3-41.4) 98.6 (92.9-99.9)

Only women in these 2 categories are included in analysis.
2Whole series (shown here only for comparison).

tology is obtained when pl6™% 4 ICC is combined
with colposcopy, showing 83.3% SE, 81.8% SP,
71.4% PPV and 90.0% NPV (OR 22.50, 95% CI
1.60-314.56). This combination is markedly more
specific than colposcopy with the HCII test and also
has significantly higher PPV and NPV.

Discussion

To improve the accuracy and cost-effectiveness of
CIN diagnosis particularly in cases with equivocal cy-
tology, a variety of other diagnostic tools have been
extensively tested during the past several years. These
include automated cytology, LBC and HPV detection
assays using HCII, or other newly introduced com-
mercial tests (e.g., Roche AMPLICOR HPV test
[Roche Molecular Diagnostics, Basel, Switzer-
land]).15-2153 More recently, the use of molecular
markers as potential tests for triaging women with
equivocal Pap results smear has been suggest-
ed.?3-29.31 Of the several potential markers reported in
the recent literature, the most intensely studied mo-
lecular marker is p16INK#a 23.26,30-37 The rationale is
that inactivation of pRB through binding with E7 of
the hr-HPV types results in up-regulated expression
of p161NK4a_and the latter should represent a specific
biomarker of cells expressing HPV E7, that is, CIN
and cervical cancer cells.?3-31,33.3% This concept has
been tested in several recent reports evaluating the
role of p1 6™K4 35 3 marker of hr-HPV typeg?331,34,38-41
in diagnosis of CIN,31-32:42-45 35 well as proving its ap-
plicability in Pap smears.36.37,:46-49,54-56 Tn several
studies, pl16'™NE4 has been shown to be a specific
marker of CIN and hr-HPV type,23.31.32.34.38-45 ¢
expression of this protein was of no prognostic value
in cervical cancer or in predicting the clearance of hr-
HPV after treatment of CIN.31

In the present study, we extended the analysis to
testing the performance indicators of pl6™K4a JCC
(applied in LBC samples) in management of women
with abnormal Pap smear results. In a management

setting, test specificity is more important, whereas in
screening, a more sensitive test would be preferable.
More specifically, we compared p16™% 4 ICC with 2
other diagnostic tools (ThinPrep and HCII assay) in
detecting CIN 2/3 under 2 special circumstances: (1)
in management of women with equivocal Pap smear
results (ASCUS and ASC-H), as well as (2) in sorting
out clinically most relevant discrepant cases, where
other diagnostic tests give discordant results. T'o avoid
any verification bias, all patients underwent col-
poscopy and punch biopsy, which was used as the gold
standard technique. We also separately analyzed the
42 cases, where LEEP histology was used as the gold
standard (Tables I and II). The limited number of
LEEP samples did not markedly affect the perfor-
mance indicators when histology was used as the ref-
erence; the biopsy series (n=206) thus closely reflect-
ing the combined histology (n=248) data.
Technically, pl6™&4 ICC was readily applicable
in the LBC sample collected for ThinPrep cytology,
thus confirming the recent experience of oth-
ers.36:37,46-49,54-56 I our series of 248 women re-
ferred for abnormal Pap test, pl 6™NK4a ICC was close-
ly (p=0.0001) related to cytologic abnormality in
ThinPrep, being most prevalent among ASC-H and
HSIL cases (Table I). This intimate link between
pl6!NK% and HSIL has been reported in the recent
studies in which this technique was applied in Pap
smears.30:36,37,54-56 Tnterestingly, pl6™NKE+ expres-
sion was markedly less frequent (27.6%) in LSIL than
in ASC-H and HSIL, being almost identical to the fig-
ures (25%) reported by Trunk et al>¥ and those (21%)
of Bose et al,?® who also confirmed the high preva-
lence among ASC-H cases. These authors speculated
that only a minority of LSIL cases might progress on
to HSIL and p16™%4 might be useful for triaging
these patients for closer follow-up.?¢ Accordingly, this
would suggest that also ASC-H cytology showing a
frequent (52%) pl16™K4a expression would represent
cases at high risk for progression, which indeed was
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the case in this series, in which CIN 2/3 was signifi-
cantly more frequent among women with ASC-H
than among LSIL cytology, 46% and 14.8%, respec-
tively (Table I). On the other hand, the vast majority
of LSIL cytology will eventually disappear, without
ever progressing to high grade CIN. Indeed, using
pl6NE4 JCC in triage of ASCUS and LSIL cases
should be helpful in distinguishing women at in-
creased risk for true cervical disease, more accurately
than does HCII assay.

In this study, pl6™&+2 expression was also signifi-
cantly (p=0.0001) related to the grade of cervical le-
sion in the biopsy and LEEP, being most frequent in
CIN 2/3 lesions (Table I). This link to CIN grade was
equally as strong as that of HCII positivity, albeit
HPYV positivity was more common than pl16™NK+a ex-
pression in all grades of CIN. As could be anticipated
from this, pl6™&+ and HCIT test results were also
closely correlated, but with less statistical power
(p=0.014). This is consonant with other recent stud-
ies failing to establish an intimate relationship be-
tween pl6™K+ expression and HCII positivity in cer-
vical cytology samples.?%:36:37 On the other hand, in
studies in which pl16™E4 staining has been applied to
CIN biopsies, this marker usually shows a significant
linear relationship to CIN grade.31:32:42-45 Only a few
studies exist in which p16INE42 expression in cytology
has been correlated with concurrent biopsies.5+36
Ekalaksananan et al** studied p16™K4a expression and
HCIT in Pap smears and biopsies, disclosing that all of
the pl6-positive cases of squamous metaplasia, CIN
2/3 and squamous cell cancer were hr-HPV-positive.
In another study, Yoshida et al>® analyzed a series of
98 cervical lesions, of which 16 demonstrated marked
discrepancies between the cytologic and histologic di-
agnoses, in both their pl6™K% expression and hr-
HPYV detection. The most feasible explanation for this
failure to establish equally close association between
pl6™k+ expression and CIN grade when the tech-
nique is performed in biopsies on one hand?31:32:42-45
and in cytologic samples on the other hand,*%6 is the
imperfect correlation between cervical cytology and
biopsy. This is well illustrated in the present study, in
which problematic are the histologic correlates of
ASCUS and LSIL cytology, despite the significant
overall correlation between ThinPrep and biopsy
(p=0.0001) (Table I).

Thus, when performed on the same cytologic
(ThinPrep) samples, pl 6"™NE4a ICC can be anticipated
to give the best correlation to cytologic abnormality as
reported before?0:36,37.54-56 and also confirmed in our
series (Table I). This is also well illustrated by the per-
formance indicators calculated for the different tests
(pl6™NK4 ICC, HCIL, LBC) in detecting different
outcome measures (SIL, CIN) (Table II). Not unex-

pectedly, HCII and colposcopy are the most sensitive
tests in detecting CIN 2/3, whereas LBC with HSIL
cutoff is by far the most specific test, being in align-
ment with most of the studies reported.!-2' Cytology
also had the best PPV (88.2%), whereas HCII showed
the highest NPV (95.1%) in detecting CIN 2/3 (com-
bined biopsy and LEEP). Compared with these fig-
ures, pl6™NE+ JCC performance was more modest,
when the biopsy (or LEEP) was used as the gold stan-
dard. When HSIL was used as the outcome measure,
however, pl6™K+ [CC shows 88.2% SE, 61.9% SP,
14.6% PPV, and 98.6% NPV, detecting HSIL with
OR 12.18 (95% CI 2.72-54.57) (T'able II). These fig-
ures are almost identical to those of HCII, but the pre-
dictive power (OR) of the latter is much lower. Of the
diagnostic tests used, colposcopy (major changes as
cutoff) and HSIL cytology and are the most powerful
tests, predicting CIN 2/3 (combined biopsy and
LEEP) with OR = 56.29 (95% CI 22.79-139.00) (data
not included in table), and OR = 33.75 (95% CI 7.42—
153.49), respectively. These are followed by HCIT
with OR 9.77 (95% CI 3.39-22.80) and pl6™NK4a
ICC, with OR =5.34 (95% CI2.76-10.35). Thus, nei-
ther HCII nor pl6™E#2 ICC can reach the over-
whelming predictive power of cytology and colpos-
copy, which complement each other, colposcopy
being more sensitive and cytology more specific. Also,
the profile of p16"™&4 ICC and HCII is different; de-
spite its higher SE and NPV, HICII is less specific than
pl6™NE4 JCC and has a lower PPV.

Thus, it seemed feasible to assess how these differ-
ent tests perform in solving clinically relevant dis-
crepant cases, that is, situations in which any of the 2-
test combinations give discordant results (Table TIT).
Although colposcopy (in this specialized clinic) is the
single most useful test in solving a wide variety of dis-
crepant situations, both p16™&4 and HCII tests can
be helpful as well, but in a divergent manner and com-
plementing each other. Of all possible discrepant
cases, those being Pap+/biopsy— or Pap+/colpo— are
among the clinically most relevant ones. Thus, in
Pap+/biopsy— cases, performing pl 6™NK+ [CC results
in detection of CIN 2/3 lesions with 100% SE and
100% NPV, and uvsing HCII does the same in
Pap+/colpo— cases. In practice, asking p16IVK+ ICC
in the LBC sample seems a viable option in such cases,
and a positive test strongly suggests a high-grade le-
sion, not detected in the biopsy. The same would be
achieved by adding HCIT test to triage Pap+ women
with negative colposcopy. In cases with TICIT+/Pap—
or pl6INK4a/Pap— pl6INK+ [CC has a 82.5% SP in
detecting CIN 2, while HCIT is 91.6% SE and 95.2%
NPV, respectively. Furthermore, in HCII-/Pap- or
pl6™K+a—/Pap— double negatives, either of these tests
will aid the correct detection of CIN 2, with 98%
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NPV but with different SE, SP and PPV. Similarly,
when both HCII and colposcopy are negative,
pl6INE expression predicts CIN with 100% SE and
100% NPV, In this respect, the profile of HCII seems
to be very similar in p16™K42—/colpo— lesions, raising
the question about the feasibility of combining these
tests.

Prompted by recently published data,26:30,31,36,48,54-56
we finally analyzed the role of p16™N&42 JCC alone or
combined with HCII (and colposcopy) in manage-
ment of women who are referred for colposcopy due
to equivocal (ASCUS) cytology (Table IV). Both
HCII and pl6™&+a JCC performs inadequately, if
used as stand-alone tests in this setting. Although
HCII is more sensitive, pl6™K42 [CC is clearly more
specific and has better PPV and NPV, Similar results
have been reported by other recent studies,2630:32,36.48,54-56
strongly advocating the inclusion of p16™k42 ICC as
an adjunct biomarker in both MAPS, triage and
screening. In the present management setting, the
best performance is obtained, when p16™NK4a ICC is
combined to colposcopy, showing 83.3% SE, 81.8%
SP, 71.4% PPV and 90.0% NPV. Thus, adding
pl6™E4a ICC in the diagnostic repertoire significant-
ly improves the specificity of colposcopy in detecting
CIN 2/3 lesions among ASCUS patients, from 27.3%
up to 81.8%. At the same time, also PPV increases
from 42.8% to 71.4% (Table IV). No such advantage
is obtained by using HCII assay instead; showing
equal sensitivity, this (HCII + colpo) combination is
markedly less specific (36.4%) and has a lower PPV
(41.7%) than colposcopy with p16'™NK4a ICC. All
measures increasing the specificity of colposcopy are
of potential clinical relevance, but the feasibility and
cost-effectiveness of p16™K+2 ICC in management of
women with ASCUS cytology remain to be elucidat-
ed.

To conclude, when performed in the ThinPrep
sample, p16!™NK4a JCC as a single test in MAPS setting
does not exhibit remarkable performance in detecting
CIN 2/3 in the biopsies or LEEP specimens.
pl6™K4a JCC performs best as a predictor of HSIL,
showing 88.2% SE, 61.9% SP, 14.6% PPV and 98.6%
NPV. It seems to be a useful test also in sorting out
clinically relevant discrepant cases, e.g., those being
(1) Pap+/biopsy—, (2) Pap+/colpo—, (3) HCII+/Pap-,
and (4) HCII-/Pap— double negatives. In manage-
ment of ASCUS, p16'™NE42 [CC is clearly more specif-
ic than HCII, significantly improving the specificity
and PPV of colposcopy. Indeed, the best performance
in managing ASCUS patients is obtained when col-
poscopy is combined with pl6NK42 JCC. Although
technically feasible to apply in the LBC samples,
pl6iNK4a JCC is a potential adjunct tool in manage-
ment of women with ASCUS cytology as well as in

triage of such women for colposcopy. This test does
not give any added value in management of ASC-H,
however; and its performance in a screening setting
remains to be fully elucidated in another type of study
design.
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