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Comparative Analysis of Cervical
Cytology Screening Methods and
Staining Protocols for Detection

Rate and Accurate Interpretation

of ASC-H:

Data From a High-Volume Laboratory

in Turkey
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Background: This study evaluated the effectiveness of the
ThinPrep® Imaging System (TIS) and ThinPrep® Pap Stain
(TPPS). A comparative analysis was conducted to determine the
detection rates of atypical squamous cells, cannot exclude high-
grade squamous intraepithelial lesion (ASC-H), the ASC:squa-
mous intraepithelial lesion (SIL) ratio, biopsy follow-up for
ASC-H in terms of the screening method used (manual screening
[MS] vs. TIS screening [TISS]) and the staining protocol (regu-
lar Pap stain [RPS] vs. TPPS).

Methods: This study was performed over two periods. The RPS
period included manually screened slides, whereas the TPPS
period included TIS + manually screened slides. All data from
the study periods were compared using statistical analysis.
Results: The detection rate of ASC-H was significantly higher
during the TPPS period than during the RPS period (0.49% vs.
0.23%); this finding is in contrast to the insignificant difference
between the screening method periods. The positive predictive
value (PPV) of ASC-H cytodiagnosis for cervical intraepithelial
neoplasia of grade 2 or more severe histologies was signifi-
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cantly different between manually screened and TIS slides
(22.10% vs. 38.55%), in contrast to an insignificant difference
between RPS and TPPS periods (37.14% vs. 29.77%).

Conclusion: Implementation of the TIS did not change the ASC-H
detection rates appreciably. However, the new technology
improved PPV for ASC-H cytodiagnosis and enabled the detec-
tion of true disease. Our laboratory statistics indicate that the
TPPS is not a superior staining protocol and did not increase
our diagnostic accuracy for ASC-H compared with RPS. Diagn.
Cytopathol. 2015;43:863-869. © 2015 Wiley Periodicals, Inc.
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The Pap test is widely accepted as one of the most effec-
tive screening methods for detecting cervical precancer-
ous lesions, which can be treated easily.l_3 In practice,
the Pap test is a complex system, and complex systems
are subject to failure, particularly when they depend on
human performance. Failures are caused by inadequate
screening in 20-40% of Pap tests.*

The factors that contribute to cervical cytology screening
challenges include “mistakes” in what is inherently an imper-
fect and highly subjective analysis,” visual searches for low-
target prevalence,’ inability to view every cell on any given
slide,” monotonous and demanding activity, and a critical
need to maintain high vigilance.®” Correct diagnosis depends
on an accurate interpretation of cells, especially small cells,
which are difficult to categorize using a Pap test.'”

ASC-H is a gray zone with regard to cytologic interpretation
and reflects an uncertain diagnosis. The term was introduced
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in 2001 in the Bethesda System to define changes that are
suggestive, but not diagnostic, of high-grade SIL (HSIL) in
the absence of unequivocal SIL."" ASC-H is associated with
histologic CIN2+ in approximately 60% (59%'*—68%"?) of
women. These cells resemble immature squamous cells; they
vary in size and shape and have high N/C ratios.'"* Such
small cells are responsible for false-positive and false-
negative reports.'” To aid in the identification of these cells,
computer-guided imaging for slide interpretation was
recently developed. Only two systems are currently available
for cervical cytology: the BD FocalPoint™ system and the
ThinPrep® imaging system (TIS) (Hologic).'® The TIS,
approved by the U.S. Food and Drug Administration in
2003, is a fully integrated, interactive automated screening
system that assists but does not replace cytotechnologists
(CTs) and cytopathologists (CPs) in the primary screening
and diagnosis of ThinPrep® Pap test slides.”® The system
consists of an image processor and automated review scopes
(RSs). The slides are fully scanned by the image processor
one by one. Then, the 22 fields of view (FOVs) most likely
to contain abnormal cells (the largest and darkest cells) are
chosen.!” The CT reviews these FOVs (approximately 25%
of the slide) saved from each slide either manually or by
autoscanning using RS."”'® The TIS is designed for use
with a proprietary ThinPrep® Pap Stain (Cytyc Corporation,
Marlborough, MA, USA) (TPPS). This stain was developed
to be “near stoichiometric” to DNA content, which is similar
to Feulgen stain, and provides near-quantitative assessment
of DNA content.'® The quality of the stain allows for analy-
sis of the integrated optical density of the nucleus, which is
required to image the slide. This system combines imaging
technology with human interpretive expertise.>*° Some
authors have reported that computer assistance has the ability
to reduce screening errors'® and identify more abnormal
cases compared to manual screening (MS) alone,’%!%21720
whereas other authors®'***” have reported a decrease in the
rate of SAs after using the TIS. The majority of available
studies have found that the TIS has significantly higher sensi-
tivity for histologically confirmed cervical intraepithelial
neoplasia (CIN) of grade 2 or more severe histologies
(CIN2+) (CIN 2 or 3 or carcinoma).”*?*?® The system has
been adopted by many laboratories across the world.?'’
Although liquid-based cytology (LBC) has mostly replaced
conventional Pap smears in cervical cancer screening in Tur-
key, computer-assisted imaging systems are still in their
infancy. In Turkey, only our laboratory uses a fully auto-
mated image processor, although some centers do have the
ThinPrep® Integrated Imager.

The objective of this study was to evaluate the short-
term effects of implementing the TIS and TPPS in our
high-volume laboratory. We specifically focused on the
detection of ASC-H, which has a high positive predictive
value (PPV) for the detection of clinically significant pre-
cancerous target lesions during cervical screening. For this
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purpose, a total of 93,492 ThinPrep® Pap tests were ana-
lyzed specifically and retrospectively for the following: a)
the detection rate of overall squamous abnormalities (SAs);
b) the detection rate of ASC-H; c¢) the ASC:SIL ratio, used
as a quality-control measure;’ " and d) biopsy follow-up
for ASC-H in terms of screening method (MS vs. TIS
screening [TISS]) and staining protocol (regular Pap stain
[RPS] vs. TPPS). To the best of our knowledge, this study
is meaningful and differs from previously published studies
in the following ways. First, this is the first report to spe-
cifically focus on and compare the effects of RPS and
TPPS in LBC slides regardless of the screening method
used. Second, only a few studies?’® in the literature have
specifically focused on ASC-H during the TISS and TPPS
periods. Third, this is the first report to evaluate the effects
of implementing the TIS in Turkey.

Materials and Methods

This study was performed at the Acibadem Pathology
Laboratory in Istanbul. The laboratory is accredited by
the Joint Commission International, processes the highest
number of Pap tests in Turkey, and employs 5 CTs and 4
CPs. Our laboratory introduced the TIS in January 2011.
ThinPrep® slides were prepared using a ThinPrep® 5000
Processor (Hologic, Inc, Marlborough, MA, USA) and
stained with RPS (Merck) during the pre-TIS period and
TPPS during the post-TIS period using an automated
stainer (Thermo Scientific Varistain Gemini). It is impor-
tant to note that before routine use of the TIS, the manu-
facturer provided validation protocols for both the imager
and the stain. All CTs and CPs were trained on the use of
the RS and passed proficiency tests for both RS and
TPPS. Following completion of the system validation, all
the TP Pap test slides were processed by the TIS with
5 RSs. However, some slides were manually screened
due to an insufficient number of RSs. The selection of the
slides for MS was essentially performed randomly by the
CTs. The assistance of the TIS was specifically stated in
the reports of all cases that were processed by the imager.
Each slide was read initially by the TIS. The 22 FOVs
chosen by the imager were examined by a CT at an RS
to locate possible abnormalities. If there was any suspi-
cion of an abnormality in these FOVs, the slide was then
screened in its entirety. The cellular changes detected in
these 22 FOVs were compared with the cellular changes
in the remainder of the slide, and additional marks made
during MS or by autoscanning. If an abnormality was
identified upon full screening, the slide was referred to a
CP for diagnosis. In accordance with the manufacturer’s
instructions for the TIS, slides were interpreted as nega-
tive without additional screening if abnormalities were
not identified in the 22 FOVs. Cytologic interpretations
were made using criteria from the 2001 Bethesda
System.'’
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This study was conducted over two periods for each
screening method and staining protocol. The RPS period
(January 2009-December 2010) included ThinPrep®
slides that were manually screened. The TPPS period
(January 2011-December 2012) included ThinPrep®
slides that were TIS+ manually screened. The results of
all cervical cytology diagnoses for the study periods were
retrieved from the computer database (proprietary soft-
ware called “Cellula” that was designed, built and run by
Acibadem Information Technologies) retrospectively, and
all cases were included in the study except unsatisfactory
samples. Biopsy follow-up results (including cervical
punch biopsies, endocervical curettings, loop electrocau-
tery excision procedures, cold knife cones, and hysterec-
tomy specimens) for ASC-H were also retrieved through
computerized searches to determine the PPV. The most
severe histologic diagnosis was considered the follow-up
histologic diagnosis. CIN2+ was categorized as a positive
reference standard. For this retrospective study, the rate
of overall SAs, the rate of ASC-H, the ASC:SIL ratio,
and follow-up histologic diagnoses of ASC-H category
for CIN2+ during the study periods were compared
between the screening methods (MS vs. TISS) and stain-
ing protocols (RPS vs. TPPS).

Statistical significance for all data tables was deter-
mined using the “Two Proportions™!** and “y?*3
analyses in Minitab Statistical Software.

Results

During the study period, 93,492 ThinPrep® Pap tests that
were satisfactory for evaluation were evaluated in our
laboratory. The rate of SAs was 9.59% (n=8,968). The
pre-TIS period consisted of 25,550 ThinPrep® slides
stained with RPS (MS). The post-TIS period included
67,942 ThinPrep® slides stained with TPPS (TISS and
MS) from the routine workload. The number of cases
with SAs was 2,002 (7.83%) during the RPS period and
6,966 (10.25%) during the TPPS period (p <0.05). Dur-
ing the TPPS period, the difference in the detection rates
of SAs between MS and TISS was not significant
(3,002/33,349 [9.00%] vs. 3,964/34,593 [11.45%]; p <
0.05). ASC-H (n = 395) constituted 0.42% of all Pap tests
(n=93,492) and accounted for 4.40% of all SAs
(n=8,968) during the study period.

Table I shows the detection rates of ASC-H during the
staining and screening periods. The rate was significantly
higher during the TPPS (Fig. 1a) period compared to the
RPS (Fig. 1b) period (0.49% vs. 0.23%; p < 0.001). How-
ever, although the imager increased the detection rate of
ASC-H compared with the manual period (180/34,593
[0.52%] vs. 155/33,349 [0.46%]), the increase in detection
was not statistically significant (p < 0.05). ASC:SIL ratios
during the staining and screening periods are summarized
in Table II. Whereas the ratio was significantly decreased
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Fig. 1. Atypical squamous cells, cannot exclude high-grade squamous
intraepithelial lesion: (a) ThinPrep® Pap stain (original magnification
400X); (b) regular Pap stain (original magnification 400X). [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.
com.]

between the RPS and TPPS periods (1.89 vs. 1.45; p <
0.001), no significant difference was found between the MS
and TISS periods (1.41 vs. 1.49; p < 0.05).

To determine the clinical significance of the increased
detection rate of ASC-H, the rates of the histologically
correlated cases were compared between each staining
protocol and screening method. Follow-up data from sub-
sequent biopsies were available for 213 patients
(53.92%), all of whom were diagnosed with ASC-H. Dur-
ing the study period, the PPV for ASC-H cytology was
30.98% (66/213) in our laboratory. Biopsy correlation
data for the staining and screening method periods are
provided in Table III for comparison. As shown, the RPS
was used to detect 60 ASC-H cases with 35 biopsies (cor-
relation: 13 [37.14%]) and the TPPS was used to detect
335 cases with 178 biopsies (correlation: 53 [29.77%]).
The significant increase in ASC-H interpretation using the
TPPS compared with the RPS (0.49% vs. 0.23%; p <
0.001) did not reflect the PPV for CIN2+ (29.77% vs.
37.14%; p < 0.05). Table III shows that 21 out of 155
manually screened (22.10%) ASC-H diagnoses with 95
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Table I. Comparison of ASC-H Rates Between Staining Protocols and
Screening Method Periods

Table II. Comparison of ASC:SIL Ratios Between Staining Protocols
and Screening Method Periods

ASC-H Total Pap tests ASC:SIL P value
No. of  Detection Staining protocol periods
cases rate (%) P value Regular Pap stain 1.89 (1,311:691) <0.001
Staini rocol iod ThinPrep Pap stain 1.45 (4,132:2,834)
amning protocot periods Screening method periods
Regular Pap stain 60 853 25'522 <0.001 Manual screening 1.41 (1,759:1,243) 0.285
ThinPrep Pap stain 335 49 7.9 ThinPrep Imager system screening 1.49 (2,373:1,591)
Screening method periods
Manual screening 155 0.46 33,349 0.301 . . ® . " s
ThinPrep Tmager 180 0.52 34,593 resulted in more ThinPrep cases being “overcalled” as

system screening

biopsies were confirmed compared with 32 out of 180
TIS screened (38.55%) ASC-H diagnoses with 83 biop-
sies. The difference in PPV based on the screening
method was statistically significant (p < 0.05).

Discussion

A comparison of cervical cancer screening methods must
include an evaluation of the sensitivity of CIN2+ detec-
tion, which has a strong tendency to progress into inva-
sive carcinoma. Calculating the false-negative rate using
a threshold of ASC has a stronger correlation with poten-
tial HSIL misses and better reflects the performance of
the laboratory compared with low-grade SIL (LSIL)."”
For this reason, in this study, we focused on ASC-H,
which has a high PPV for the detection of CIN2+.'%"3

An unfortunate paradox of Pap test interpretation is
that the higher the grade of dysplasia, the more difficult it
can be to detect the abnormality. High-grade dysplastic
cells tend to be smaller and thus more difficult to iden-
tify, andchromatin abnormalities may not be conspicu-
ous.* In addition, abnormal cells can be sparse because
the LBC specimen represents a sample of a sample.*
Moreover, there are many morphologically similar HSILs.
Therefore, not surprisingly, approximately 15% of HSIL
cases are under-diagnosed and may be passed over as
benign.*** This study documented data for the TPPS and
TIS separately, and the results also discussed separately
in the following sections.

TPPS

Following the implementation of the new imager, an
adjustment was required by both the CTs and the CPs to
the new staining protocol. Although the TPPS is very
similar in all respects to the RPS, it is possible that the
proprietary stoichiometric stain, which presents darker
and perhaps slightly more vivid nuclei, may have been a
contributing variable in the imager cohort.”*-° Roberts
et al.’® suggested that their CPs had initial adaptation
problems with the TPPS that resulted in the interpretation
of the darkness of some groups of cells as hyperchroma-
sia, which is suggestive of a high-grade lesion. This issue

866 Diagnostic Cytopathology, Vol. 43, No 11

possible high grade. Similarly, we experienced a signifi-
cant increase in the number of cases of SAs (10.25% vs.
7.83%; p<0.05) and ASC-H interpretation (0.49% vs.
0.23%; p < 0.001) using TPPS compared with RPS. This
difference may be an indication that the “learning curve”
for a new staining protocol (which has been emphasized
by Lozano’) is partially responsible for our increased
rates of ASC-H. However, this increase did not reflect a
significant PPV for CIN2+ (29.77% vs. 37.14%; p <
0.05), in agreement with the results reported in Chivuku-
la’s study.?® Whether the lack of a significant PPV can be
clarified with an increased number of follow-up biopsies
requires further study.

ASC:SIL ratios also decreased from 1.89 to 1.45 (p <
0.001) using the TPPS. This result indicates that we may
have slightly under-reported SIL prior to using the TPPS
and that the new staining protocol allowed for an
increased detection of SIL.

Lozano et al.’” suggested that the initial increase in
ASC rates is partially due to the new staining protocol
and partially to the focus of the TIS on “small cells.”
Because the data from staining protocols and screening
methods were evaluated independently in our study, we
confirmed that the effect of the TPPS was significant,
whereas the effects of the TIS did not increase the rates
of detection of ASC-H. Lapen et al.'® reported that the
TPPS produces results that are similar to those obtained
using a commercially available stain (Richard—Allan) for
cytologic diagnoses and that the diagnostic results from
screening by the CTs showed 79.9% agreement between
the TPPS and RPS. In our opinion, this rate of agreement
is not sufficient. Thus, adaptation to and familiarization
with this new staining protocol is necessary, and the level
of experience of the screeners may play an important role
in preventing conflicting results. Additionally, this finding
indicates that the staining methodology plays a key role
in the interpretive process. We agree with Lozano et al.’
that cytology based on a visual representation is as much
an interpretive art as a science.

TIS

When compared with MS, some authors
have noted the potential of the TIS to allow and force the

7,8,18,21,24-26,35-43

85U80|7 SuoWILLOD 8A1Iea.D) 8|qed!jdde aus Aq pausenob aJe sl O ‘@SN Jo Sa|nJ Joj Akeiq1T8uIUO /3|1 UO (SUOPUOD-PU-SWBI W00 A8 | Aeiq Ul UO//SdnL) SUORIPUOD pue swie 1 8y} 88S *[9202/20/02] U0 AigiTauljuo A8 |IM ‘B91SeAIIN RUIPAY 1]V BWLRIN Wepeqny Aq TTEEZ 9P/Z00T OT/I0PAW0D A8 1M Ake.q 1 Buluo//SdnY WOy papeojumoq ‘TT ‘STOZ ‘6EE0L60T



Diagnostic Cytopathology DOI 10.1002/dc

CERVICAL CYTOLOGY SCREENING METHODS AND STAINING PROTOCOL

Table III. Comparison of Biopsy Confirmations (Predictive Value) Following ASC-H Diagnosis Between Staining Protocols and Screening Method

Periods
ASC-H
No. of follow-up No. of correlating

No. of cases biopsies biopsies PPV (%) P value
Staining protocol periods
Regular Pap stain 60 35 13 37.14 0.406
ThinPrep Pap stain 335 178 53 29.77
Screening method periods
Manual screening 155 95 21 22.10 0.016
ThinPrep Imager system screening 180 83 32 38.55

CT to consider and concentrate on crucial atypical cells,
enabling the detection of more diseases and reducing the
false-negative rate in the laboratory; others have reported a
decrease in the rate of SAs with the use of the TIS.*!-**?’
The results of our analysis showed no meaningful increase
in the detection rate of SAs during the TISS period com-
pared with MS (11.45% vs. 9.00%; p < 0.05).

Multipl studies have reported that the detection rate of
ASC-H cells was increased using the TIS.”521:26:27.36-38.4044
In contast, our results demonstrated that TIS primary screen-
ing did not significantly impact the ASC-H rate compared
with MS (0.52% vs. 0.46%; p < 0.05); this result is in agree-
ment with a similar finding by Roberts.>* These data suggest
that we had no difficulties in detecting ASC-H cells before
the use of the TIS and that we did not have a serious
“learning curve effect” for TIS, which has been emphasized
in previous studies.”**

Although the ASC:SIL ratio varies widely among and
within laboratories,*” it generally ranges between 1.3 and
3.0.4*2 In our laboratory, the ratio was similar (p > 0.05)
when the use of the imager (1.49) was compared with
manual analysis (1.41). This result is comparable with
those of other studies,7’2g’36’40’43 44 reporting the same
ASC:SIL ratios before and after use of the TIS. Based on
these findings, we can speculate that the implementation
of the TIS did not significantly increase the cytologic
detection of SAs compared to MS in our laboratory.

Although some studies have demonstrated that interpre-
tation is not highly reproducible, ASC-H diagnoses have
consistently been associated with histologic CIN2+ in
24-96% of patients.'"'*® In our study, the PPV for
ASC-H was also within these limits (30.98%). Miller
et al.® and Dziura et al.>! reported that biopsy results con-
firmed a significant increase in the detection of CIN2+
for ASC-H cases in the imager cohort, which is in con-
trast to the reports of Ha et al.** and Koltz et al.>* In this
study, the difference in the proportion of correlated biop-
sies for ASC-H before and after TIS implementation was
found to be significant (22.10% vs. 38.55%; p < 0.05).
However, the increase in the detection rate of ASC-H
cells did not reach the point of statistical significance
when using the TIS. Moreover, our biopsy confirmation

results suggest that TIS has improved the diagnostic accu-
racy for the cytologic ASC-H category compared with
MS in our laboratory.

The data from this study are especially important
because of the following: (1) We report our initial experi-
ence with the TIS and TPPS within 2 years of their intro-
duction into a high-volume laboratory in Turkey. (2) This
is the first report to specifically compare the effects of the
RPS and TPPS in LBC slides regardless of the screening
technique used. (3) This is one of only a few studies that
have focused specifically on ASC-H that have a high
PPV for the detection of clinically significant precancer-
ous target lesions in cervical screening during both the
TISS and TPPS periods. (4) This is the first report to
evaluate the effects of implementing the TIS in Turkey.

However, this study has several limitations: (1) The
biopsy follow-up data were only available for 53.92% of
cases, all of whom were diagnosed with ASC-H. (2)
Because this study was specifically focused on ASC-H, a
PPV was not evaluated at the level of ASC-US, LSIL,
and HSIL+. In conclusion, implementation of the TIS
did not change ASC-H detection rates appreciably. How-
ever, the new technology improved the PPV for ASC-H
cytodiagnosis and allowed for the detection of true dis-
ease, thereby avoiding false-positive cytologic diagnoses
by our laboratory. Our laboratory statistics indicated that
the TPPS is not a superior staining protocol and did not
increase our diagnostic accuracy compared with RPS. In
the near future, we plan to study the effect of implement-
ing TIS and TPPS on PPV at the level of ASC-US, LSIL,
and HSIL+.
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