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Abstract: Studies evaluating the routine Papanicolaou (Pap) test have traditionally used as the reference gold
standard, the diagnoses on the follow-up histologic samples. Since the latter are typically obtained days to weeks
after the Pap test, the accuracy of the resultant comparison may be affected by interim factors, such as
regression of human papillomavirus, new lesion acquisitions or colposcopy-associated variability. A subset of our
clinicians have routinely obtained cervical cytology samples immediately prior to their colposcopic procedures,
which presented a unique opportunity to re-evaluate the test performance of liquid-based cervical cytology in
detecting the most clinically significant lesions (i.e. cervical intraepithelial neoplasia 2 or worse: CIN2+), using as
gold standard, diagnoses on cervical biopsies that were essentially obtained simultaneously. For each patient,
cytohistologic non-correlation between the Pap test and biopsy was considered to be present when either
modality displayed a high-grade squamous intraepithelial lesion (HGSIL)/CIN2+ while the other displayed a less
severe lesion. Therefore, HGSIL/CIN2+ was present in both the Pap test and biopsy in true positives, and absent
in both modalities in true negatives. In false positives, the Pap test showed HGSIL while the biopsy showed less
than a CIN2+. In false negatives, Pap tests displaying less than a HGSIL were associated with biopsies displaying
CIN2+. Combinations associated with “atypical” interpretations were excluded. A cytohistologic non-correlation
was present in 17 (4.8%) of the 356 combinations reviewed. The non-correlation was attributed, by virtue of
having the less severe interpretation, to the Pap test in all 17 cases. There were 17, 322, 0, and 17 true
positives, true negatives, false positives and false negatives respectively. The sensitivity, specificity, positive
predictive value and negative predictive value of the Pap test, at a diagnostic threshold of HGSIL, in identifying a
CIN2+ lesion were 50%, 100%, 100% and 95% respectively. Even in Pap test/biopsy combinations obtained on
the same day by the same colposcopist and evaluated by the same pathologist, there is a 4.8% (17/356) false
negative rate associated with the Pap test. Our findings suggest that there may be an intrinsic error rate
associated with this test modality.
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Introduction
As a screening modality that is ultimately
geared towards the reduction of cervical
cancer-related mortality by earlier detection,
the Papanicolaou (Pap) test has been
__________
The views expressed in this article are those of the
authors and do not reflect the official policy of the
Department of Defense or other Departments of the
United States Government.

remarkably successful [1-6]. Nonetheless,
worldwide, cervical cancer remains the 2nd
most commonly diagnosed non-cutaneous
malignancy and is associated with the 5th
highest cancer-related mortality [7]. The vast
majority of the latter is generally attributed to
the absence of well-developed cancer
screening programs in many developing
countries [7, 8, 9]. However, even in countries
where these programs are robust, thousands
of cervical cancer-related preventable deaths
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occur annually [10]. Failures of a Pap testbased cervical cancer screening program in
preventing otherwise preventable deaths may
be attributed to several factors, including
limited access to healthcare by a subset of the
population, failure of eligible women to
present for screening and/or follow-up,
suboptimal sampling, lesional and processingrelated factors, interpretation errors, and
clinical management deficiencies [11]. Since
the presence of any of the aforementioned
factors may theoretically preclude effective
screening for an individual patient, coupled
with the concept of a widely performed
screening test for a disease whose prevalence
is relatively low, it may be anticipated that Pap
test-based cervical cancer screening programs
would be associated with an inherent error
rate.
Previous studies evaluating the accuracy of
the Pap test have traditionally used as the
reference gold standard, the diagnoses on the
follow-up histologic samples [12, 13, 14].
Indeed, cytohistologic correlation studies have
been an integral component of quality
improvement and quality assurance programs
in most cytopathology laboratories in the
United States for many years [15]. However,
since the cervical biopsies are typically
obtained days to weeks after the Pap test, the
accuracy of the resultant comparison may be
affected by interim factors, such as regression
of human papillomavirus infection, new lesion
acquisitions
or
colposcopy-associated
variability. A subset of our clinicians have
routinely obtained liquid-based cytologic and
histologic samples concurrently, which
presented a unique opportunity to re-evaluate
the test performance of the Pap test in
detecting the most clinically significant lesions
(i.e. cervical intraepithelial neoplasia 2 or
worse: CIN2+), using as gold standard,
diagnoses on cervical biopsies that were
essentially obtained simultaneously.

reference laboratory that receives cytology
samples from variably sized military facilities
throughout the United States. The screened
population is comprised predominantly of
young military women. In 2006, over 150,000
Pap tests were processed.
Based on telephonic interviews of a
representative cross section of submitting
clinicians, the Pap test is typically obtained
before the start of the colposcopic procedure,
after which the latter proceeds routinely. The
clinicians included residents, attending
physicians and nurse practitioners, and were
selected in a largely random fashion based on
contactability, diversity of practice setting and
geographic location. They represented
approximately 37% of all clinicians that
submitted cytohistologic combinations for the
study period. In all instances, the same
individual performed both the Pap test and the
biopsy. The stated objective for obtaining
concurrent samples in all individuals
interviewed was the possibility of increasing
diagnostic yield.

Following approval from our Institutional
Review Board, the computerized database of
the department of pathology at Wilford Hall
Medical Center (WHMC, Lackland Air Force
Base, San Antonio, TX) was searched for all
patients with a Pap test and cervical biopsy
that were accessioned within 24 hours of each
other for the period 1/3/06-7/27/07. The
cytopathology division at WHMC is a large

For each patient, diagnostic discordance
(cytohistologic non-correlation) between the
Pap test and biopsy was considered to be
present when either modality displayed a high
grade
squamous
intraepithelial
lesion
(HGSIL)/CIN2+ while the other modality
displayed a less severe interpretation [i.e. no
dysplasia or CIN 1 in biopsies or negative for
intraepithelial lesion or malignancy (NILM) or
low grade squamous intraepithelial lesion
(LSIL) in Pap tests]. Therefore, HGSIL/CIN2+
was present in both the Pap test and cervical
biopsy in true positives and absent in both
modalities in true negatives. In false positives,
the Pap showed HGSIL while the cervical
biopsy showed less than a CIN2+ (i.e. CIN 1 or
negative). In false negatives, Pap tests
displaying less than a HGSIL were associated
with concurrent cervical biopsies displaying
CIN2+. For the purpose of this study, CIN2+
included CIN2, CIN3, adenocarcinoma-in-situ,
invasive squamous cell carcinoma, and
adenocarcinoma. Combinations associated
with ASC-US (atypical squamous cells of
undetermined significance) or ASC-H (Atypical
squamous cells, cannot exclude HGSIL
interpretations) were excluded, as were cases
in which either the Pap test and/or the cervical
biopsy were deemed unsatisfactory for
pathologic evaluation. All slides were reviewed
for the remaining patients to confirm the
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Material and Methods
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reference interpretations. In our laboratory,
any Pap test/cervical biopsy combinations for
the same patient are flagged and segregated
to ensure that the same pathologist signs out
the diagnostic reports for both samples.
The sensitivity, specificity, positive predictive
value and negative predictive value for the Pap
test (at a HGSIL threshold) for detecting
CIN2+, using the diagnoses on the
concurrently obtained cervical biopsies as the
reference gold standard, was then determined.
Sensitivity was calculated by dividing true
positives by the sum of true positives and false
negatives (X100); Specificity was calculated by
dividing true negatives by the sum of true
negatives and false positives (X100); positive
predictive value was calculated by dividing
true positives by the sum of true positives and
false positives (X100); negative predictive
value was calculated by dividing true negatives
by the sum of true negatives and false
negatives (X100).
Results
There were a total of 606 patients with Pap
test/cervical biopsy combinations for the study
period. Nine combinations were excluded due
to insufficient material for pathologic
evaluation in either the Pap test (n=4) or
biopsy (n=5). 241 of the remaining 597
combinations were excluded because the Pap
test involved an ASC-H (n=30) or ASC-US
(n=211) interpretation. The remaining 356
combinations formed the basis for this study.
All cytologic preparations were liquid-based
(ThinPrep®, Cytyc Corporation, Marlborough,
MA).
A cytohistologic non-correlation was present in
17 (4.8%) of the 356 combinations. The
cytohistologic non-correlation was attributed,
by virtue of having the less severe
interpretation, to the Pap test in all 17 cases.
Upon review, all 17 cases had cells diagnostic
of LGSIL but no HGSIL cells. There were 17,
322, 0, and 17 true positives, true negatives,
false
positives
and
false
negatives
respectively. Using the cervical biopsy
diagnoses as the gold standard, the sensitivity,
specificity, positive predictive value and
negative predictive value of a HGSIL
interpretation on a Pap test in identifying a
CIN2+ lesion was 50%, 100%, 100% and 95%
respectively.
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The present study design was primarily geared
towards the detection of CIN2+ by the Pap test
i.e. performance of the Pap test, at a
diagnostic threshold of HGSIL, in detecting
CIN2+. However, since the Pap test is a
screening modality, abnormalities on which
should theoretically trigger some further
action, we performed additional analyses on
all 597 cases with differing thresholds and
definitions. The distribution of interpretations
in all 597 combinations is outlined in Table 1.
In the second analysis, we investigated the
ability of any cytologic abnormality (ASC-US
and above, ASCUS+) to detect CIN2+. In this
2nd analysis, true positives were defined as an
ASC-US+ interpretation on the Pap test and a
CIN2+ on the biopsy, true negatives as NILM
on the Pap test and no CIN2+ on the biopsy,
false positives as ASC-US+ on the Pap test and
no CIN2+ on the biopsy, and false negatives as
NILM on the Pap test and CIN2+ on the biopsy.
Using these definitions, there were 68, 124,
405, and 0 true positives, true negatives, false
positives and false negatives respectively. The
calculated negative predictive value, positive
predictive value, sensitivity and specificity of a
ASC-US+ Pap test interpretation for detecting
CIN2+ was 100%, 14.4%, 100%, 23.4%.
Therefore, the large amount of false positives
attributed
to
ASC-US
interpretations
significantly improved sensitivity and negative
predictive value while unacceptably lowering
positive predictive value and specificity.
In the third analysis, we investigated the ability
of a Pap test, at an interpretation threshold of
LGSIL and above (LGSIL+), to detect CIN2+.
ASC-H was considered to be above LGSIL in
severity for the purposes of this analysis. True
positives were defined as a LGSIL+
interpretation on the Pap test and a CIN2+ on
the biopsy, true negatives as NILM or ASC-US
on the Pap test and no CIN2+ on the biopsy,
false positives as LGSIL+ on the pap test and
no CIN2+ on the biopsy, and false negatives as
NILM or ASC-US on the Pap test and CIN2+ on
the biopsy. Using these definitions, there were
50, 317, 212, and 18 true positives, true
negatives, false positives and false negatives
respectively.
The
calculated
negative
predictive value, positive predictive value,
sensitivity and specificity of a LGSIL+ Pap test
interpretation for detecting CIN2+ was 94.6%,
19.1%, 73.5% and 60% respectively.
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Table 1 Distribution of interpretations in 597 concurrently obtained cervical biopsies and Pap tests
Pap test interpretation
Cervical biopsy diagnosis
Number
LSIL
Negative for Dysplasia
11
LSIL /ASC-H
Negative for Dysplasia
2
NILM
CIN, grade 1
83
LSIL
CIN, grade 2-3
17
NILM
Negative for Dysplasia
41
ASC-US
Negative for Dysplasia
48
ASC-H
Negative for Dysplasia
1
ASC-US
CIN, grade 1
145
ASC-H
CIN, grade 1
4
LSIL
CIN, grade 1
187
LSIL / ASC-H
CIN, grade 1
7
ASC-US
CIN, grade 2-3
17
ASC-H
CIN, grade 2-3
7
HGSIL
CIN, grade 2-3
16
LSIL / ASC-H
CIN, grade 2-3
9
ASC-US
CIN, grade 1 adenocarcinoma in-situ
1
HGSIL
Microinvasive squamous cell carcinoma
1
Total

597

LSIL, low grade squamous intraepithelial lesion; HGSIL, high grade squamous intraepithelial lesion; NILM,
negative for Intraepithelial lesion or malignancy; ASC-H, atypical squamous cells, cannot exclude HGSIL; CIN,
cervical intraepithelial neoplasia; ASC-US, atypical squamous cells of undetermined significance

The performance of the Pap test in detecting
CIN2+, stratified by the various definitional
thresholds outlined above, is shown in Table 2.
The average age of the 356 women in our
study dataset was 27.8 years (95% CI ±8.64;
range 16-65, median 25). The average age for
the entire data set of 597 women was 28.39
years (95% CI ±8.84; range 16-65, median
26).
Discussion
The accuracy of the Pap test has traditionally
been determined using the diagnoses on the
follow-up histologic samples as the gold
standard [12, 13, 14]. Although undoubtedly
practical, this determination is potentially
fraught with many errors related to factors
arising in the interim, such as regression of
human papillomavirus infection, new lesion
acquisitions
or
colposcopy-associated
variability. In the active medicolegal
environment
in
which
gynecologic
cytopathology exists [16, 17], it is imperative
that there be continuous research efforts
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aimed at reaffirming the error rate of the Pap
test in routine practice settings. The central
objective of the present study was to reevaluate the performance of the liquid-based
Pap test, at a diagnostic threshold of HGSIL, in
detecting CIN2+. Notable distinctions between
the present study and many others include the
entire composition of our dataset of liquidbased samples and the nearly concurrent
retrieval of the cytologic and histologic
samples. Our study was designed to limit
potentially confounding factors. The Pap tests
and cervical biopsies were obtained by the
same individual in most instances; both were
obtained on the same day, and both were
evaluated by the same pathologist.
Using the cervical biopsy as the gold standard,
we found the sensitivity, specificity, positive
predictive value and negative predictive value
of a HGSIL interpretation on a Pap test in
identifying a CIN2+ lesion was 50%, 100%,
100% and 95% respectively. We identified 17
(4.8%) false negatives out of 356 Pap
test/cervical biopsy combinations, i.e. 17
cases in which the biopsy showed CIN2+ while
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Table 2 Performance of Pap test in detecting CIN2+ with different definitional thresholds
Definitional thresholds on the Papanicolaou test
Parameter
High-grade squamous
Low-grade squamous
Any cytologic
intraepithelial lesion
intraepithelial lesion+
abnormalities
NPV
95%
94.6%
100%
PPV
100%
19.1%
14.4%
Sensitivity
50%
73.5%
100%
Specificity
100%
60%
23.4%
CIN, cervical intraepithelial neoplasia; PPV, positive predictive value; NPV, negative predictive value

the concurrently obtained Pap test showed
less than a HGSIL. The fact that all of our
CIN2+-related cytohistologic non-correlating
cases were attributable to the Pap test
suggests that sampling error is a significant
contributor to screening errors. However, the
possibility that a subset of our false negatives
is actually attributable to the concurrence of
the sample collections is worthy of note. Some
authors have found no relationship between
the Pap test-to-cervical biopsy interval and the
false negative rate of the Pap test [18].
However, several others have reported that
Pap tests obtained within a short interval after
a previous one tend to have a low sensitivity
and a high false negative rate [15, 19, 20, 21,
22]. Cells on the most superficial layers of the
ectocervix
may
require
a
certain
“regeneration” interval following a Pap test to
achieve full exfoliability for the next test. Since
almost all the patients in our dataset were
referred for colposcopy following previous
abnormal Pap tests, this may have contributed
to the false negative rate. Secondly, the
colposcopist’s efforts to preserve the surface
of the cervix, with the knowledge of an
impending colposcopic examination, may have
resulted in suboptimally aggressive Pap tests
[23]. Finally, there is some published data that
suggests that the false negative rate of the
Pap test is higher in younger women [24]. As
previously noted, the average age of the 356
women in our study dataset was 27.8 years.
The sensitivity of the Pap test, at a diagnostic
threshold of HGSIL, in detecting CIN2+ in the
concurrently obtained sample, was found to be
50%. This is considerably lesser than the
76.1% and 100% that have been reported in
the 2 largest studies of concurrently obtained
samples that have specifically examined the
question [15, 27]. Both were based on
conventional
Pap
smears.
A
closer
examination of their data indicated that the
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observed differences in results are largely
attributable to threshold definition. In the
study of DiBonito et al [27], the cytologic
threshold used was “any cytologic cervical
abnormality”. In the College of American
Pathologists study, the cytologic threshold was
essentially identical, as sensitivity was defined
as the ability of “cervical cytology to identify
correctly the presence of a lesion or
malignancy in the biopsy” [15]. At a cytologic
threshold of “any cytologic abnormality”, our
sensitivity is also 100% but specificity drops to
14.4%. Our study confirmed the wellestablished negative correlation between the
specificity and sensitivity of the Pap test [14].
Using the CIN2+ detection endpoint, sensitivity
can be substantially increased by lowering the
definitional threshold for abnormality in the
Pap test, at a significant cost to specificity, and
vice versa (Table 2). In the study of Mayeaux et
al [21], a repeat conventional Pap smear prior
to colposcopy had a sensitivity of 48% for CIN
and only 25% for high-grade lesions.
The present study was designed to answer the
most clinically relevant question, i.e. whether
the Pap test will capture a CIN2+ if it is
present. Our data indicates that the Pap test
will indeed capture CIN2+ in 95.2% of cases.
However,
even
in
Pap
test/biopsy
combinations obtained on the same day by the
same colposcopist and evaluated by the same
pathologist, there is a 4.8% (17/356) false
negative rate associated with the Pap test. Our
findings suggest that there is probably an
intrinsic error rate associated with this
screening test modality. Practitioners should
continuously educate participants in Pap testbased screening programs that it is associated
with a certain false negative rate.
Please address all correspondences to Oluwole
Fadare, MD, Director of Surgical Pathology,
Department of Pathology, Wilford Hall Medical
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