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BACKGROUND. Routine liquid-based cytology (LBC) provides excellent sensitivity
for the detection of cervical high-grade squamous intraepithelial lesion (HSIL);
however, its specificity is low. Consequently, many women who have atypical
squamous cells of undetermined significance (ASC-US) or low-grade squamous
intraepithelial lesion (LSIL) cytology undergo unnecessary colposcopy. The
authors hypothesized that a novel immunocytochemical assay (ProEx™ C) that
can be performed on LBC slides had a significantly higher positive predictive value
(PPV) for biopsy-proven HSIL compared with routine LBC,

METHODS. The Pro£x™ C immunocytochemical assay utilizes a cocktail of mono-
clonal antibodies directed against proteins associated with aberrant S-phase cell
cycle induction (topoisomerase Ila, minichromosome maintenance protein 2).
The ProEx™ C reagents were validated in the authors’ laboratory for staining and
scoring reproducibility, open-vial stability, and accuracy before a retrospective
analysis using these reagents was performed on 317 residual cytology samples.
Sensitivity, specificity, PPV, and negative predictive value (NPV) for the detection
of biopsy-proven HSIL were determined.

RESULTS. The ProEx™ C assay was validated successfully in the authors’ cytology
laboratory. Using biopsy-proven HSIL as an endpoint, the ProEx™ ¢ assay yielded
a sensitivity of 85.3%, specificity of 71.7%, PPV of 44.6%, and NPV of 94.8%. Com-
pared with the routine LBC results in the same cohort, the ProEx™ G sensitivity
for biopsy-proven HSIL was 70.6% greater than HSIL-positive cytology (50% vs.
85.3%). ProEx™ C also showed a 114% increase in PPV relative to ASC-US cytology
(21.1% vs. 44.6%).

CONCLUSIONS. The ProEx™ C immunocytochemical assay can be integrated into
a clinical cytology laboratory and may increase the PPV of LBC for biopsy-proven
HSIL. Cancer (Cancer Cytopathol) 2006;000:000-000. © 2006 American Cancer
Society.

KEYWORDS: cervical cytology, liquid-based cytology, immunocytochemistry, high-
grade squamous intraepithelial lesion.

The implementation of cervical cancer screening programs cen-
tered around the Papanicolaou (Pap) test have led to a marked
reduction in the incidence of cervical cancer and mortality caused by
invasive cervical cancer." This is a result of the successful identifica-
tion and ablation of the precursor of cervical cancer, the high-grade
squamous intraepithelial lesion (HSIL). Despite improved screening
programs, an estimated 9710 women in the United States will de-
velop cervical cancer in 2006.2 Although a significant percentage of
those women will have not been screened, approximately 30% may
have had at least 1 false-negative Pap test because of errors in either
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sampling or cytologic interpretation prior to develop-
ing invasive cervical cancer.® Because the identification
of HSIL on a Pap test does not offer great enough sensi-
tivity, women with milder cytologic atypia must
undergo colposcopy and cervical biopsy to achieve ac-
ceptable test sensitivity. In the Atypical Squamous Cells
of Undetermined Significance (ASC-US)-Low-Grade
Squamous Intraepithelial Lesion (LSIL) Triage Study
(ALTS) trial, 12% of women with ASC-US cytology had
an underlying, biopsy-proven HSIL.*® Conservative
estimates predict that approximately 3 million Ameri-
can women receive abnormal cervical cytology results
that require colposcopic evaluation to exclude HSIL.®

Ancillary molecular testing of cervical samples has
started to address some of these limitations. For exam-
ple, high-risk human papillomavirus (HPV) DNA test-
ing can segregate women with ASC-US cytology into 2
groups with significantly different risk of HSIL. Women
who are negative for HPV DNA have a low risk of HSIL
that is similar to the risk among women who have a
cytologic diagnosis of no intraepithelial lesion or
malignancy (NILM).” The combination of NILM cytol-
ogy and a negative HPV DNA test may confer such a
low risk of HSIL that screening intervals for these
women may be increased.®'° Unfortunately, the speci-
ficity of a positive HPV DNA test for HSIL is very low.!?
The ideal molecular marker for HSIL would retain the
negative predictive value (NPV) of a negative HPV
DNA test but would have greater positive predictive
value (PPV). Such a marker also would identify cells
that have undergone neoplastic transformation and
not simply transient viral cytopathic effects.

Recent gene expression profiling studies have iden-
tified a set of candidate molecular markers that are
associated with HSIL."* These molecules fall into sev-
eral categories, including those associated with the
extracellular matrix and those involved in cell replica-
tion and proliferation. The induction of cell prolifera-
tion (S-phase) in HSIL cells is initiated, in part, by the
activity of the E6 and E7 proteins of HPV.'3 It has been
established that HPV E7 binds the RB protein and dis-
places the transcriptional activator, E2E from its com-
plex, thus inducing the aberrant transcription of $-
phase proteins, such as minichromosome maintenance
protein-2 (MCM2) and topoisomerase-IIA (TOP2A),
that are responsible for DNA synthesis and cell prolif-
eration. The MCM proteins function during DNA repli-
cation by loading the prereplication complex onto DNA
and by unwinding DNA through helicase activity to per-
mit DNA synthesis.'* TOP2A is responsible for the enzy-
matic unlinking of DNA strands during replication.'?

In an extension of these exploratory studies, a bio-
marker cocktail containing antibodies against TOP2A
and MCM2 has been developed that may be applied to

cytologic specimens by using immunocytochemical tech-
niques to detect aberrant S-phase induction (ProEx™
C)."® We validated this reagent in our cytology labora-
tory and performed a retrospective study to test the
hypothesis that ProEx™ C will yield a greater PPV and
sensitivity for biopsy-proven HSIL when applied to cer-
vical cytology compared with routine, liquid-based
cytologic analysis.

MATERIALS AND METHODS

Specimen Selection

Prior to beginning this study, the protocol was re-
viewed and approved by the Johns Hopkins Institu-
tional Review Board. The 344 specimens that were
used in this study were residual cervical cytology sam-
ples in SurePath® preservative that were obtained
from the Johns Hopkins Cytopathology Laboratory in
2004 after clinical evaluation was completed. The ori-
ginal clinical cytology diagnoses were rendered by the
5 board-certified cytopathologists on staff at the Johns
Hopkins Hospital. All specimens had been stored at
room temperature for less than 1 year. Priority was
given to specimens with abnormal cytology and a fol-
low-up biopsy within 6 months of the cytology speci-
men procurement. An effort was made to include
cytology samples with a subsequent HSIL (Grade 2
cervical intraepithelial neoplasia [CIN-2]-positive) bi-
opsy. All cytology samples were annotated with the ori-
ginal clinical cytology diagnosis, the follow-up biopsy
diagnosis, and basic patient demographics (age, race);
then, the samples were deidentified and assigned a re-
search protocol number in the data base. Clinical high-
risk HPV DNA testing was performed on SurePath®
samples using Hybrid Capture 2 (Digene Inc., Gaithers-
burg, MD) based on in-house validation according to
the manufacturer’s instructions. The SiHa cell line used
as a control for the immunocytochemical assay was
derived originally from an invasive squamous cell car-
cinoma of the cervix and reportedly contains 1 or 2
copies of integrated HPV type 16. It was shown pre-
viously that SiHa cells over express MCM2 and TOP2A.16
The NILM and HSIL pooled samples that were used in
the validation studies were generated from residual
liquid-based samples from approximately 15 indivi-
duals who had cytologically confirmed NILM or HSIL,
respectively.

Immunocytochemistry

ProEx™ C (TriPath Imaging Inc., Burlington, NC) is a
Class I, in vitro, immunohistochemical diagnostic that is
used with standard immunocytochemistry techniques
to detect the presence of aberrant S-phase induction in
liquid-based cervical cytology specimens. ProEx™ C
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contains antibodies to MCM2 and TOP2A proteins.
Thin-layer slides were prepared from liquid-based cer-
vical cytology specimens in SurePath preservative vials
using the PrepStain® processor and were treated with
a pretreatment buffer for target retrieval (SureDetect™
slide-preparation buffer).

Immunocytochemistry was performed with ProEx™
G, a detection reagent that includes a 3,3’-diaminobenzi-
dine tetrahydrochloride-based chromogen and hema-
toxylin-based counterstains (SureDetect™ detection
reagents and SureDetect™ counterstains), using an auto-
mated staining platform (Dako Autostainer; DakoCyto-
mation). With this reagent, brown nuclear staining is
indicative of aberrant S-phase induction.

Scoring Algorithm

Each slide was scored by manual microscopic evalua-
tion, first by 1 certified cytotechnologist (D.K. or E.K.)
and then by 1 board-certitied cytopathologist (D.RC.
or D.L.R.) who was aware of the cytotechnologist’s di-
agnosis. The following scoring algorithm was devel-
oped: 1) A specimen was determined to be adequate
using Bethesda System 2001 criteria.'” 2) Slides were
screened for moderate-to-intense, brown nuclear
staining in epithelial cells. 3) Stained cells were deter-
mined to be squamous or glandular. 4) Using Bethesda
System 2001 criteria, the stained cell was evaluated for
criteria of ASC-US or a more severe lesion, including
atypical squamous cells, cannot rule out HSIL (ASC-
H), LSIL, HSIL, and invasive carcinoma. If the cell was
glandular, then criteria for atypical glandular cells
(AGC) were applied. Positive responses to each of these
steps, even in only 1 cell, resulted in a positive test
result. A lack of stained cells or the identification of
stained cells that did not satisfy the criteria for at least
ASC-US or AGC resulted in a negative test result.

Statistical Analysis

The data analysis was performed using SAS software
(version 9; SAS Inc., Cary, NC), The estimated sensitiv-
ity, specificity, PPV, and NPV of ProEx™ C for the de-
tection of HSIL (CIN-2-positive) in an ASC-US-positive
population were calculated and compared with the
original liquid-based cytology diagnoses. In addition,
95% confidence intervals were calculated and sum-
marized in a comparison of ProEx™ C results with cy-
tology diagnoses.

RESULTS

Analytic Validation

To validate the ProEx™ C reagents in our cytology lab-
oratory, analytic testing was performed to assess stain-
ing reproducibility, scoring reproducibility, open-vial
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reagent stability, and accuracy for rare positive cell
detection. To assess the reproducibility of the immu-
nocytochemical assay in the clinical cytopathology
laboratory setting, the ProEx™ C antibody cocktail
and general laboratory use reagents were tested in 2
lots on 5 consecutive days with 2 runs completed each
day. For these studies, a panel of 3 specimens (NILM
pooled specimen, HSIL pooled specimen, positive
SiHa control cell line) was tested in duplicate (Fig. 1).
SiHa control slides were considered positive if 30% of
the cells on the slides showed moderate nuclear stain-
ing. Table 1 shows that all SiHa control slides were
positive (40 of 40 slides). All NILM pooled specimens
were negative (0 of 40 specimens), and all HSIL pooled
specimens were positive (40 of 40 specimens). These
results suggested that there was no difference in per-
formance between the 2 lots of ProEx'™ C antibody
cocktail, the detection reagents, or the counterstains
and that the staining reproducibility between runs
over time was excellent.

To test scoring reproducibility, 2 pathologists inde-
pendently scored the same set of blinded slides,
including 10 NILM specimens and 10 HSIL specimens.
Prior to testing the scoring reproducibility, pathologists
and cytotechnologists were trained by using sets of
standardized teaching slides. Slides were interpreted
according to the scoring guide described above (see
Materials and Methods). Table 1 shows that 95% con-
cordance (19 of 20 specimens) was achieved between
the 2 pathologists. These results suggest that, with
minimal training in the use of a scoring guide, pathol-
ogists can achieve high concordance in their interpre-
tation of ProEx™ C-stained slides.

Open-vial reagent stability was tested on 2 lots of
reagents at 8 time points (Days 0 [freshly opened vial],
3,6, 9,12, 19, 26, and 35) using NILM pooled samples,
HSIL pooled samples, and SiHa control cells. Table 1
shows that all of the NILM specimens were scored cor-
rectly as negative (0 of 32 specimens) and that all HSIL
and SiHa specimens were scored correctly as positive in
a blinded review (64 of 64 specimens for both). Conse-
quently, there was no detectable difference in the per-
formance of ProEx™ C reagents over a 35-day period.

Accuracy testing for rare positive cell detection
was performed by using HSIL pooled specimens and
NILM pooled specimens that were spiked with rare
SiHa cells (approximately 20 SiHa cells per slide). All
of the HSIL slides and all of the SiHa spiked samples
were scored correctly as positive (10 of 10 slides for
both) (Table 1).

Retrospective Clinical Testing Results
To test the ability of ProEx™ C to detect HSIL in cer-
vical cytology samples, residual liquid-based cervical
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FIGURE 1. These photomicrographs show positive Proex™ ¢ immunocyto-
chemical staining in (A) SiHa cells, (B) a syncitial cluster of high-grade squa-
mous intraepithelial lesion cells, and in (C) a single atypical squamous cell
(original magnification, x 600).

TABIE 1
Summary of ProEx™ C Analytic Testing

No. of women with positive ProEx™ results

Analytic test NILM pool HSIL pool SiHa cell line
Scoring reproducibility

Pathologist 1 1/10 10/10 NA

Pathologist 2 0/10 10/10 NA
Staining reproducibility 0/40 40/40 40/40
Stability

Lot1 0/16 32132 32/32

Lot2 0/16 32132 32132
Accuracy NA 10710 10/10

NILM indicates no intracpithelial lesion or malignancy; HSIL, high-grade squamous intraepithelial
lesion; NA, not available.

cytology samples were identified for testing from a
specimen repository at our institution. These samples
were deidentified but annotated with the original cy-
tology diagnoses and follow-up biopsy diagnoses.
Three hundred forty-four samples were used that con-
tained a spectrum of original cytologic diagnoses, and
of these, 27 samples ultimately were considered unsa-
tisfactory because of inadequate cellularity. The final
analysis was limited to samples from 317 women (156
NILM samples, 55 ASC-US samples, 1 AGUS sample,
24 ASC-H samples, 53 LSIL samples, and 28 HSIL
samples) (Table 2). The inadequate cellularity probably
was associated with the use of residual specimens
rather than original samples. This cohort contained a
greater prevalence of atypia than the overall screening
population at our institution. In selecting patients,
preference was given to those who had biopsy follow-
up within 6 months of procurement of the cytology
samples. The prevalence of biopsy-proven HSIL within
each cytologic category was designed to be similar to
that observed in the ALTS trial, although the underly-
ing HSIL rate in our ASC-H group (ASC-US, 11%; ASC-
H, 17%; LSIL, 13%; HSIL, 61%) was somewhat lower
the prevalence reported in the AITS trial. A thin-layer
slide was prepared from a sample of each residual
specimen using PrepStain® technology, stained with
ProEx'™ C reagents, screened by a cytotechnologist,
and reviewed by a cytopathologist. A sample was con-
sidered positive if it met 3 criteria: 1) adequate cellular-
ity, 2) moderate or strong nuclear immunocytologic
staining, and 3) atypical cytomorphology in the stained
epithelial cells. The results of the immunocytochemical
assays are summarized in Table 2. Overall, the immu-
nocytochemical staining was very robust in positive
samples; and the distinction rarely was problematic
between faintly stained versus moderately stained
nuclei. In a small number of specimens, there was
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TABLE 2
Cytology and Histology Correlation in a Retrospective Study of the
ProEx™ C Assay

Histology (No. with positive ProEx™ G results)*
Cytology NILM LSIL HSIL No biopsy Total
NILM 2(1) 0(0) 0(0) 154 (17) 156 (18)
ASC-US 43(8) 6(3) 6 (5) 0 55 (16)
AGUS 10 00 0(0 0 1(0)
ASC-H 15 (6) 5(2) 4(4) 0 24(12)
LSIL 26 (4) 20 (6) 7(3) 0 53(13)
HSIL 7(4) 4(3) 17(17) 0 28 (24)
Total 94 (23) 35 (14) 34 (29) 154 (17) 317 (83)

NILM indicates no intraepithelial lesion or malignancy; LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of undeter-
mined significance; AGUS, atypical granular cells of undetermined significance; ASC-H, atypical squa-
mous cells, cannot rule out HSIL,

* The number of women in each category is indicated along with the number (in parentheses) of
women in each category who had positive ProEx C resulis.

staining of normal endocervical cell nuclei; however,
these nuclei usually could be distinguished from atypi-
cal squamous or glandular cells. The total number of
ProEx'™ C-positive samples within the entire cohort
was 83 (26%). A small percentage of the NILM cytology
samples were positive (12%); because of the lack of fol-
low-up biopsies in these patients, the prevalence of
underlying HSIL could not be determined. The ASC-
US-positive cytology category contained a greater over-
all prevalence of ProEx'™ C-positive samples (40%)
than the NILM cytology category (ASC-US, 29%; LSIL,
25%; HSIL, 86%). Within the ASC-US group, the preva-
lence of positive ProEx™ C results was low in patients
who had NILM on follow-up biopsies (19%), similar to
the NILM cytology group. The prevalence of ProEx™ C
positivity was greater among the patients who had
ASC-US samples with LSIL and HSIL on follow-up
biopsies (50% and 83%, respectively). Likewise, within
the LSIL cytology group, the prevalence of ProEx™
positivity was low in patients who had NILM on follow-
up biopsies (15%) but higher among the patients with
LSIL samples who had LSIL and HSIL on follow-up
biopsies (30% and 43%, respectively). The prevalence
of ProEx™ C positivity was greater in the ASC-H cyto-
logic category, ranging from 40% in patients who had
NILM and LSIL on follow-up biopsies to 100% in
patients who had HSIL on follow-up biopsies. The
prevalence of ProEx™™ C positivity was greatest among
the patients with HSIL cytology samples, regardless of
their follow-up biopsy results (NILM, 57%; LSIL, 75%:;
HSIL, 100%), possibly as a result of inadequately
sampled or regressed HSIL lesions in those patients
who had biopsies that showed NILM or LSIL.
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TABLE 3

Comparison of High-Risk Human Papillomavirus DNA Testing,
ProEx™ C Score, and Biopsy Results in Women with Atypical
Squamous Cells of Undetermined Significance*

Variable ProEx™ C positive ProEx™ C negative Total
HPV Positive 12(3) 25(1) 37
HPV Negative 0 14 (0) 14
Totals 12 39 51

HPV indicates human papillomavirus,
* The number of women in each category who had hiopsy-proven high-grade squamnous intraepithelial
lesions is shown in parentheses.

The results of clinical high-risk HPV DNA testing
were available on a subset of women who had ASC-US
cytology results (n = 51 women). Comparison of these
data with ProEx"™ C scores and follow-up biopsy re-
sults revealed that, whereas ProEx™ C was negative in
1 patient and HPV DNA testing was negative in another
patient with biopsy-proven HSIL, the PPV of ProEx™ C
for biopsy-proven HSIL was significantly greater than
the PPV of HPV DNA testing (31% vs. 11%) (Table 3).

Discrepant Analyses

There were 5 cytologic samples within the HSIL biopsy
follow-up group that were negative for ProEx™ C
(false-negative results). These ProEx'™ C slides were
reviewed according to the data analysis described
above. Upon review of these slides after data analysis,
3 samples contained rare atypical cells that were not
stained, whereas 2 samples contained rare atypical
cells with mild nuclear staining.

Within the NILM biopsy follow-up group, there
were 23 specimens (24%) that were positive for ProEx™
C (false-positive results). Because virtually all of those
specimens were from atypical cytologic categories, it is
possible that colposcopy failed to identify an underlying
HSIL in some of the patients. The inaccuracy of col-
poscopic biopsies has been described previously*#2°
Because of the blinded nature of this study, long-term
follow-up for subsequent biopsy results was not pos-
sible.

Within the NILM cytology group, 18 samples (12%)
were positive for ProEx™ C. Only 2 patients in that
group had corresponding biopsy results. Again, the
blinded nature of the current study prevented both a
review of the original Papanicolaou-stained, liquid-
based cytology slide and long-term follow-up.

Statistical Analysis

In an attempt to compare the performance of routine
liquid-based cytology with the ProEx™ C assay for the
detection of biopsy-proven HSIL, we calculated the
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