35

Papnet-assisted, primary screening
of cervico-vaginal smears

M. A. Duggan, M.D., FR.C.P.C.

Dept. of Pathology and Laboratory Medicine, University of Calgary
and Cytopathology Division, Calgary Laboratory Services, Calgary, Alberta (Canada)

Summary

Purpose: The Papnet system was initially designed for rescreening negative Pap tests but may also be an effective primary screener.

Methods: A set of 2,200 archival slides diagnosed by conventional, manual screening as 2,000 (90%) WNL, 47 (2.1%) carcino-
mas, 50 (2.3%), HSIL, 50 (2.3%) LSIL, and 53 (2.4%) ASCUS/AGUS were compared to the results of Papnet-assisted, primary
screening. Following Papnet scanning, the digitized images were triaged and classified as abnormal or negative. All abnormals had
a full manual screening, whereas negatives had a limited screening. Results by each screening method were compared and discor-
dant cases were peer reviewed for a consensus result. Screening efficacy by each method was measured against a standard result
composed of the concordant and consensus results.

Results: There were 101 concordant and 181 discordant abnormal results. The standard result for the slide set was 1,953 (88.9%)
WNL, 87 (3.9%) ASCUS/AGUS, 52 (2.4%) LSIL, 62 (2.8%) HSIL, 39 (1.8%) carcinomas, and 5 (0.2%) unsatisfactory. Papnet
versus manual sensitivity rates were 87.6% vs 72.3% at the ASCUS/AGUS threshold, 85.6% vs 82.4% at the LSIL threshold, and
89.1% vs 90.1% at the HSIL thereshold.

Conclusions: Papnet-assisted, primary screening equals conventional, manual screening in the detection of a wide range of cell
abnormalities and is more effective in the detection of abnormalities at the lower end of the abnormal spectrum.
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Introduction

Cervical premalignancy (SIL; squamous intraepithelial
lesion) is a disorder of cell growth and maturation which
may progress over time from low to high grade SIL and
subsequently to invasive carcinoma [1]. The Papnicolaou
stained, cervico-vaginal smear (Pap test) is offered to all
eligible women in order to detect the cellular changes of
cervical premalignancy. Laboratory examination of the
Pap test requires visual examination of the estimated
50,000-300,000 epithelial cells on a glass slide by a cyto-
technologist. This labor intensive methodology has
remained virtually unchanged since the test’s introduc-
tion, and is subject to a degree of error [2]. Laboratory
error with respect to calling a test normal when an abnor-
mality exists is labeled a false negative result. The con-
verse is labeled a false positive result. The false negative
rate of cervical cancer screening averages 20%, although
it may range from 5-50% [2]. The variability of the false
negative rate, and the inability of conventional, manual
screening to eliminate all false negatives highlights a
need to change the laboratory methodology of Pap test
evaluation.

In recent years, computerized semi-automated Pap test
screening devices have been developed for the quality
control screening of negative Pap tests [3]. The Papnet
system (Neuromedical Systems Inc., Upper Saddle River,
New Jersey, U.S.A.) is one such device. The combination
of manual screening and Papnet rescreening of all nega-
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tive tests can reduce the false negative rate of a SIL result
by 50% [4]. The system is composed of a fully automa-
ted scanner and an interactive review station. The scanner
searches the conventionally prepared Pap test and selects
by a neural network computer 128 epithelial cells. The
scanned images are digitized and transferred to a compact
disc (CD). The review station consists of a monitor, com-
puter, keyboard, and mouse interfacing with a digital
drive to replay the scanned images. The cytotechnologist
interprets these video based images according to standard
criteria of cellular atypia and decides if the Pap test
should be categorized as review or negative. The glass
slides of all tests triaged as review have a full, manual
screen by a cytotechnologist.

The Papnet system may function as well as and in some
instances better than conventional, manual screening in
the primary evaluation of the Pap test [5-11]. In this
application, the Pap tests are first scanned, the images are
triaged, and only the review tests undergo full, manual
screening. The increased sensitivity appears to be mostly
at the ASCUS (atypical squamous cells of undetermined
significance) level raising concerns about the clinical
significance and specificity of automated screening [12].
The conclusions of published studies however, must be
carefully interpreted and are not directly comparable
because of limitations and inconsistencies in study
design, case selection criteria, reporting terminology, and
data analysis. Other more critical limitations and inconsi-
stencies are definitional in regard to error classification
and the gold standard against which the results of auto-
mated and manual screening were measured and compa-
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red. Consequently, the effectiveness of the Papnet system
as a primary screener is in need of more formal and con-
trolled investigation.

Material and Methods

A retrospective, systematic search of the files of the Cyto-
pathology Division of Calgary Laboratory Services at the
Foothills Hospital was conducted to select 2,200 Pap tests. The
slide set was to include 2,000 negative slides (WNL, within
normal limits or BBC, benign cellular change) and 200 abnor-
mals. The abnormals were to consist of approximately 50 slides
in each of the categories: 1) ASCUS/AGUS (atypical glandular
cells of undetermined significance), 2) LSIL (low grade squa-
mous intraepithelial lesion), 3) HSIL (high grade squamous
intraepithelial lesion), and 4) carcinoma (including squamous
cell and adenocarcinoma).

All slides had been screened by one of five cytotechnologi-
sts, those targeted for quality control were rescreened by one of
two cytotechnologists, and all abnormals were interpreted by
one of four pathologists. The starting date for the slide selection
was December 1995. The Bethesda system (TBS) reporting ter-
minology was adopted by the laboratory in April of 1994 [13].
Before that time, cervical abnormalities were reported in a clas-
sification system that included the CIN (cervical intraepithelial
neoplasia) terminology [1, 14]. Results in the CIN terminology
were translated to the TBS by a cytotechnologist not otherwise
involved in the study. Every abnormal slide in each of the four
abnormal categories was selected until approximately 50 in
each category were retrieved. For each abnormal slide, the sub-
sequent 10 consecutive negative slides were selected. Excluded
from selection were slides that were: 1) cracked or damaged, 2)
repaired, 3) had more than half of the surface covered with
bubbles from improper cover slipping, 4) multiples of the same
accession number, 5) cover-slipped with plastic, 6) ink marked
with a water insoluble pen, and 7) cover-slipped so that it exten-
ded more than 50 mm from the slide edge opposite to the labo-
ratories identification (ID) label.

Prior to the slides being cleaned in preparation for scanning,
the original ink markings were photocopied to maintain a per-
manent record of the conventional, manual screening. The
slides were bar-coded with a unique Papnet ID (identification)
number and cross referenced with the laboratories accession
number. Scanning with software version 2.10 was performed at
the scanning centre in Suffern, New York according to standard
procedures [15]. On completion of scanning, the slides and CDs
were returned to the Foothills Hospital. The Papnet ID number
was entered into the study information form which was desi-
gned to collect patient demographic data and pertinent clinical
information. This information was transcribed from the original
report by the cytotechnologist not otherwise involved in the
study. The Papnet 2.00 review station was used by one of two
Papnet certified cytotechnologists to study the images on the
CD. All unsuccessfully scanned slides were assigned a techni-
cal code by the scanner and all had a full, manual screen. Image
features triggering a full, manual screen were documented on
the form and the slide triaged as review (Fig. 1). The same
triage cytotechnologist did the full, manual screen and that
interpretation was also captured on the study form. All slides
with a result other than WNL or BCC were forwarded to the
study pathologist (MAD) who interpreted the abnormal features
and recorded the result. The triage cytotechnologists and study
pathologist were masked to the results of the conventional,
manual screening.

Slides triaged as negative had an abbreviated, manual screen
by the triage cytotechnologist. All four slide/cover-slip edges
were screened using a 10x objective followed by a vertical
screening sweep of one end of the slide from top to bottom.
When the bottom was reached, the slide was screened horizon-
tally for 10 mm, screening was stopped and a vertical screening
sweep made. At the top of the slide, 10 mm of horizontal scree-
ning occurred and continued to the bottom of the slide. This
pattern continued to the end of the slide. Cell abnormalities
detected in this manner were viewed at 40x. Slides with results
other than WNL or BCC were referred to the study pathologist.

Any discrepancy in diagnosis between the conventional,
manual screening and the Papnet-assisted, primary screening
was resolved by a consensus panel review of those slides. The
panel consisted of the study pathologist and one of two addi-
tional experienced pathologists, and took place approximately
four months after the study pathologist’s interpretations of the
Papnet screenings. Consensus was defined as full, mutual
agreement. Tests diagnosed as negative by Papnet-assisted,
primary screening had the original ink markings restored to the
slides by one of the triage cytotechnologists prior to the con-
sensus review. The review panel was masked to the results of
both screening methods.

The effectiveness of detecting abnormal slides by conventio-
nal, manual screening and by Papnet-assisted, primary scree-
ning was compared by calculating the sensitivity and specificity
rates and 95% confidence intervals of each method [16]. The
panel’s interpretation of all discrepancies between the two
methods was used as the correct result and combined with the
result of the concordant cases to form a true result. Results were
ranked in ascending order from ASCUS/AGUS to carcinoma.
Rates for each screening method were calculated using the true

Figure 1. — Triage protocol list of features indicating a review
decision and a full, manual screen.

1. Pontentially abnormal cells are displayed
Perinuclear Halo
Binucleation
Elongated (Fennel-shaped) Nucleus
Overlapping Nuclei
Overlapping Cells in Group
Koilocytotic Cell
Increased N/C Ratio and/or Nuclear size 2 2x size of normal
intermediate cell nucleus
Molding Nuclei
Eosinophilic, Opaque Cytoplasm
Irregular Nuclear Membranes
Prominent Nucleoli
Hyperchromatic Nucleus

Tumor diathesis or suspicious background is present.
Microorganisms are present.

Excessive inflammation, cytolysis, blood or artifacts are
present in 12 or more tiles.

5. Hormonal pattern is inconsistent with age or clinical
presentation.

Endocervical component is absent.

Endometrial cells present are morphologically aberrant
and/or inconsistent with menstrual cycle.

8. Technical code is displayed.
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result as the reference standard. Slides in which a diagnosis was
not possible because the specimen was inadequate were exclu-
ded from the calculations. Rates were separately calculated for
all abnormal results (>/= ASCUS/AGUS), results of LSIL and
higher (>/= LSIL), and HSIL and higher (>/=HSIL). Tests with
a negative result by conventional manual or Papnet assisted,
primary screening, but with an abnormal standard result were
labeled false negatives. The converse were labeled false positi-
ves. Undercalled and overcalled results were included as false
negative and positive results respectively, when calculating the
rates at the SIL thresholds.

False negative errors in conventional, manual screening were
attributed to screening if the standard result was based on new
abnormal cells not previously detected and to interpretation if
no new cells were detected, but the same cells were reclassified.
All false positives were attributed to interpretative errors as the
change in result was due to a reclassification of the identified
cells. Errors in Papnet-assisted, primary screening were simi-
larly classified and the false negative rate determined from the
sensitivity results. False negative errors by this screening
method were divided into negative triage and review triage
errors. Possible error sources in these two activities were inve-
stigated and attributed to 1) misclassification by the study
pathologist if a result was overturned by the consensus review,
2) post triage, full manual screening errors if the cytotechnolo-
gist failed to detect or correctly interpret the abnormal cells pre-
viously detected by conventional, manual screening, 3) review
station, triage failure if on the second-look of the images by the
author and one of the triage cytotechnologists, criteria for
review were present and not detected by the original, triage
cytotechnologist, and 4) scanning failure if the images did not
display an abnormal feature or technical code. The attributable,
false negative rate for each component of the error source was
then calculated.

Results

By conventional, manual screening, there were 2,000
(90.9%) WNL slides and 200 (9.1%) abnormal slides.
The abnormals were composed of 53 (2.4%)
ASCUS/AGUS, 50 (2.3%) LSIL, 50 (2.3%) HSIL, and

47 (2.1%) carcinomas. There were 27 (1.2%) ASCUS
and 26 (1.2%) AGUS. The carcinomas consisted of 27
(1.2%) squamous and 20 (0.9%) adenocarcinomas. The
review station triage identified 1,409 (64%) slides for a
full, manual screen and 791 (36%) for an abbreviated
screen. Slides triaged for review included 36 (2.6%) with
a technical code which were mostly due to a cornflake
artefact (n=30, 83.3%). There were 196 (13.9%) and 28
(3.5%) abnormal results respectively, following the full
and abbreviated, manual screenings. Therefore, Papnet-
assisted, primary screening yielded 224 (10.2%) abnor-
mal slides, 1,971 (89.6%) WNL slides, and five (0.2%)
where a diagnosis was not possible as the specimen was
unsatisfactory. The abnormals consisted of 70 (3.2%)
ASCUS, 19 (0.9%) AGUS, 42 (1.9%) LSIL, 57 (2.6%)
HSIL, and 36 (1.6%) carcinomas. The carcinomas were
classified as 19 (0.9%) squamous cell carcinomas, 14
(0.6%) adenocarcinomas, and three (0.1%) undifferentia-
ted carcinomas. :

In a comparison of Papnet-assisted, primary screening
with conventional, manual screening, there were 277
(12.6%) abnormal results by at least one screening
method, and five (0.2%) unsatisfactory for evaluation
results which were excluded from further analysis. The
abnormal results were concordant in 101 (36.5%) and
discordant in 176 (63.5%) tests (Table 1). The discordant
results included 53 (30.1%) false negative which had the
original, ink markings restored to the slides prior to the
consensus review. Following the review, a standard result
was generated for the 2,195 slides and was composed of
1,953 (88.9%) WNL, 73 (3.3%) ASCUS, 16 (0.7%),
AGUS, 52 (2.4%) LSIL, 62 (2.8%) HSIL, and 39 (1.8%)
carcinomas. The carcinomas consisted of 22 (1.0%) squa-
mous cell carcinomas, 15 (0.7%) adenocarcinomas, and
two (0.09%) undifferented carcinomas.

Conventional, manual screening compared to the true
result had a lower rate of abnormal results due mainly to
decreased numbers of ASCUS/AGUS, but also to reduc-

Table 1. — Papnet-assisted, primary screening compared to conventional, manual screening.

CONVENTIONAL, MANUAL SCREENING

Papnet screening Negative ASCUS/AGUS LSIL HSIL CARCINOMA TOTAL
NEGATIVE 1,918 36 15 1 1 1,971
(97.3%) (1.8%) (0.8%) (0.05%) (0.05%) (89.8%)
ASCUS/AGUS 63 11 9 2 4 89
(70.8%) (12.4%) 10.1%) (2.2%) (4.5%) (4.1%)
LSIL 10 3 20 8 1 42
(23.8%) (7.1%) (47.6%) (19.1%) (2.4%) (1.9%)
HSIL 3 1 6 38 9 57
(5.3%) (1.7%) (10.5%) (66.7%) (15.8%) (2.6%)
CARCINOMA 1 2 0 1 32 36
(2.8%) (5.5%) (2.8%) (88.9%) (1.6%)
TOTAL 1,995 53 50 50 47 2,195
(90.9%) (2.4%) (2.3%) (2.3%) (2.1%)
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tions in the LSIL and HSIL categories (Table 2). There
were 175 (1,928) slides with a true positive (negative)
result of >/= ASCUS/AGUS, 126 (2,021) with a >/=
LSIL result, and 91(2,088) with a >/= HSIL result. The
respective false negative (positive) results for each of the
three diagnostic thresholds were 67 (25), 27 (21), and 10
(6). Papnet-assisted, primary screening compared to the
true result detected fewer abnormal results and the
decrease was mainly in the LSIL category (Table 3).
There were 212 (1,941) tests with a true positive (nega-
tive) result of >/= ASCUS/AGUS, 131 (2,308) with a
result of >/= LSIL, and 90 (2,091) with an HSIL or
greater result. The respective false negative (positive)
results at each threshold were 30 (12), 22 (4), and 11 (3).

The sensitivity and specificity of both methods as well
as the 95% confidence intervals were calculated (Table
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4). The narrow range of 95% confidence intervals for
each method at each of the three diagnostic thresholds
indicated sample size was not a confounding variable. In
a comparison of the degree of overlap of the 95% confi-
dence intervals, Papnet-assisted, primary screening was
significantly more sensitive than conventional, manual
screening at the ASCUS/AGUS threshold. Differences in
sensitivity at the LSIL and HSIL thresholds and diffe-
rences in specificity at each threshold were not signifi-
cant.

The false negative results by conventional, manual
screening were all due to a screening error, whereas
interpretative errors by the professionals who formulated
the original results accounted for the 25 false positive
tests. The false negative rate of Papnet-assisted, primary
screening at the ASCUS/AGUS threshold was 12.4%.

Table 2. — Conventional, manual screening compared to the reference standard result.

STANDARD RESULT
Manual Screening Negative ASCUS/AGUS LSIL HSIL CARCINOMA TOTAL
NEGATIVE 1,928 44 21 2 0 1,995
(96.6%) (2.2%) (1.1%) (0.1%) (90.9%)
ASCUS/AGUS 18 31 2 1 1 53
(33.9%) (58.5%) (3.8%) (1.9%) (1.9%) (2.3%)
LSIL 7 9 28 6 0 50
(14.0%) (18.0%) (56.0%) (12.0%) (2.4%)
HSIL 0 2 0 48 0 50
(4.0%) (96.0%) (2.3%)
CARCINOMA 0 3 1 5 38 47
(6.4%) (2.1%) (10.8%) (80.9%) (2.1%)
TOTAL 1,953 89 52 62 39 2,195
(88.9%) (4.1%) (2.4%) (2.8%) (1.8%)
Table 3. — Papnet-assisted, primary screening compared to the reference standard result.
STANDARD RESULT
Manual Screening Negative ASCUS/AGUS LSIL HSIL CARCINOMA TOTAL
NEGATIVE 1,941 24 5 1 0 1,971
(98.5%) (1.2%) (0.25%) (0.05%) (89.8%)
ASCUS/AGUS 12 61 14 0 2 89
(13.5%) (68.5%) (15.7%) (2.3%) (4.1%)
LSIL 0 1 33 8 0 42
(2.4%) (78.6%) (19.0%) (1.9%)
HSIL 0 1 0 52 4 57
(1.8%) (91.2%) (7.0%) (2.6%)
CARCINOMA 0 2 0 1 33 36
(5.6%) (2.8%) (91.6%) (1.6%)
TOTAL 1,953 89 52 62 39 2,195
(88.9%) (4.1%) (2.4%) (2.8%) (1.8%)
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Potential sources of error were investigated and 17
(56.7%) were tests that had been triaged as review and
had a full, manual screen and 13, (43,3%) as negative
and had an abbreviated screen (Table 5). Half (50%) of
the false negative rate was due to a post triage, full
manual screening error, 30% to a triage error, 13.3% to
a scanning error, and 6.5% to a classification error. All
four error sources accounted for misses in the ASCUS
category and all except scanning error, resulted in AGUS
misses. LSIL misses were attributed to post triage, full
manual screening and triage errors and the one HSIL
miss to a post triage, full manual screening error. Clas-
sification error by the study pathologist accounted for
the false positive results by Papnet-assisted, primary
screening.

Discussion

Automated screening must be at least as effective and
preferably more effective than conventional, manual
screening before changes to the laboratory evaluation of
the Pap test can be considered. Fully automated, primary
screening of Pap tests is desiderable, but not yet possible.
Meanwhile semi-automated devices in use as postscree-
ners are being adapted to a primary screening role. The
Autopap system (Neopath, Inc., Redmond, Washington,
USA) is currently available as a primary screening device
and demonstrates a superior sensitivity to manual scree-
ning in the detection of all levels of cervical anormality
[17]. The Papnet system shows some promise as a
primary screener, but efficacy is unproven because of
design limitations and inconsistencies in the published

Table 4. — Sensitivity and specificity of conventional, manual screening and Papnet-assisted, primary screening.

THRESHOLD SENSITIVITY SPECIFICITY
Manual Papnet Manual Papnet

>/= ASCUS/AGUS 72.3% 87.6% 98.7% 99.4%
95% C.1. 66.7-77.9 83.4-91.8 98.2-99.2 99.1-99.7
>/=LSIL 82.4% 85.6% 99.0% 99.8%
95% C.I. 76.4-88.4 80.0-91.2 98.6-99.4 99.6-100.0
>/= HSIL 90.1% 89.1% 99.7% 99.9%
95% C.1. 84.3-95.9 83.0-95.2 99.5-99.9 99.8-100.0
Table 5. — Papnet-assisted, primary screening of 30 false negative results: error sources.
Error source Triage = review Triage = negative Total FNR
Scanner 4 (30.8%) 4 (13.3%) 1.6%
Result: ASCUS 2 (15.4%)

LSIL 2 (15.4%)
Triage 9 (69.2%) 9 (30.0%) 3.7%
Result: ASCUS 7 (53.8%)

AGUS 1 (7.7%)

LSIL 1 (7.7%)
Manual screening 15 (88.2%) 15 (50%) 6.2%
Result: ASCUS 11 (64.7%)

AGUS 1 (5.9%)

LSIL 2 (11.8%)

HSIL 1 (5.9%)
Classification 2 (11.8%) 2 (6.7%) 0.9%
Result: ASCUS 1(5.9%)

AGUS 1 (5.9%)
Total 17 (56.7%) 13 (43.3%) 30 12.4%

FNR = False negative rate.
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studies [5-10]. A rewiew of some of these studies [6, 7,
9] and coded so as to achieve comparability of the studies
designs suggested the system may achieve an 18-40%
increase in the number of abnormal results relative to
manual screning [18]. The PRISMATIC trial complied
with the proposed guidelines for the evaluation of
primary screening instruments and reported a sensitivity
of Papnet-assisted, primary screening equal to manual
screening and a significantly higher specificity [11, 19].

The accurancy of cytopathology results are traditio-
nally measured against the biopsy result [20]. In Pap test
screening however, such correlation is not always possi-
ble as biopsy follow-up may never occur or there may be
a long interval between the abnormal test result and the
biopsy. To accommodate such limitations, consensus
review of the Pap test result by a panel of experienced
pathologists is the accepted method of generating a refe-
rence standard, in particular when primary screening
instruments are being compared [19, 20]. The goal of the
panel review is to achieve a consensus in terms of the
number and types of all abnormal results possible by
each method and to use this result as the reference stan-
dard against which the performance of both screening
methods can be measured and compared. With this
approach, specificity is defined by the panel’s opinion.

A retrospective design was chosen for the current study
to control the number and types of abnormal test results
seeded into the study set. Other advantages included
smaller study numbers and faster accrual. Observer bias
associated with a testing scenario that did not mirror
usual laboratory practice was a disadvantage of the
design, however. All components of the Papnet assisted,
primary screening with the possible exception of scan-
ning were subject to some observer bias. These compo-
nents were carried out by an experienced group of two
cytotechnologists and one pathologist which would result
in more consistency in the review station triage, manual
screening, and classification of abnormalities. Conven-
tional, manual screening in contrast reflected the practice
of the study period as performed by a larger number of
laboratory personnel with varying levels of experience.
The study group’s prior positive experience with the
system as a pontential primary screener may also have
introduced some bias [8].

A triage review rate of 15-30% is usual when the
Papnet system is used to rescreen negative Pap tests [8].
The rate should be higher for the device in an assisted,
primary screening mode since the frequency of abnormal
tests is higher. The scanning and triage components were
successful in sorting the tests into those that were nega-
tive (36%) and those that were a review (64%), negating
concerns that all tests would be a review status because
the triage was governed by a very specific protocol. This
protocol has both qualitative and quantitative criteria
regarding cell and smear features on a video image that
the cytotechnologists evaluate, and was developed to cor-
respond with a manual screening abnormal threshold of
>/=BCC [8]. Thus this triage review rate was due not
only to a higher rate of abnormal tests, but also to the
comprehensiveness and customization of the protocol

items. This rate is a benchmark, triage review rate for a
disease prevalence of 9% and cannot be compared with
other Papnet-assisted, primary screening studies either
because the rate was not included, details of the protocol
were not provided, or the prevalence of abnormal tests
was different [5-7, 9-11].

Scanning was unsuccessful in 36 tests due to technical
difficulties. Most were due to a cornflake artefact that
interfered with the scanner’s ability to focus the cells.
While technical difficulties increased the number of
slides requiring a full, manual screen, the number was
inconsenquential relative to the 1,373 requiring the same
because of an abnormarl image or images. The rate of
1.6% is nearly similar to that previously reported from
the same laboratory and suggests this is the technical
failure, benchmark rate for the laboratory [8]. In routine
practice however, the rate may be higher as the exclusion
criteria attempted to eliminate some slides would result
in a technical difficulty for the scanner.

Papnet-assisted, primary screening had a higher fre-
quency of abnormal results when directly compared to
conventional, manual screening (10.2% vs 9.1%) and an
insignificant number of unsatisfactory results (n=5). Lack
of complete agreement between the results of both scree-
ning methods was due to screening errors and/or errors in
classification. The number and types of abnormal tests in
the study set were standardized based on the 101 (36.4%)
inter-method concordant and the consensual review of the
176 (64.0%) discordant results. Importantly, the reference
standard included examples of all seeded abnormalities
including AGUS as well as three types of carcinoma, ie,
squamous cell, adenocarcinoma, and undifferentiated car-
cinoma. This contrasts with the prospective study of
Ashfaq et al. which did not have any examples of AGUS
in the study period [5]. Some observer bias may have
influenced the reference standard result because the study
pathologist who would have memory of the Papnet-assi-
sted, primary screening results was a panel member. This
possibility was diminished by the study control measures.
They included masking the panel members to the results
of both methods and delaying the review for several
months so that the memory of the Papnet results would
have faded. Moreover, memory would not have been an
issue for the 53 false negatives by Papnet-assisted scree-
ning as they would not have been referred to the study
pathologist for interpretation.

Papnet-assisted, primary screening and conventional,
manual screening compared to the reference standard
detected all seeded types of cellular abnormalities. Both
methods were very sensitive, but Papnet-assisted,
primary screening was significantly more sensitive than
conventional, manual screening in the detection of any
abnormality (87.6% vs 72.3%), slightly more sensitive in
detecting abnormalities at the LSIL threshold (85.6% vs
82.4%), and marginally less sensitive in the detection of
abnormalities at the HSIL threshold 89.1% vs 90.1%).
The specificity results of both screening methods were
also very high. Papnet-assisted, primary screening was
more specific at each threshold. Undercalled and over-
called tests at the SIL thresholds were included with the



Papnet-assisted, primary screening of cervico-vaginal smears 41

absolute false positive and negative results in the calcu-
lation of their effectiveness rates. Justification for this
inclusive definition of a false positive and negative result
was based on the clinical impact incorrect classification
would have on the management of the woman’s disease
[14]. Overcalled tests may be incorrectly referred for col-
poscopy and undercalled tests may be inappropriately
followed with repeat Pap tests.

Abbreviated, manual screening was used to confirm the
negative triage and 13 false negative results were disco-
vered. All were either an ASCUS/AGUS or LSIL and
importantly did not include an HSIL or carcinoma. This
technique is used in some laboratories as a quality control
check of negative tests and although controversial, may be
as effective as the standard practice of a full, manual
rescreening of a proportion of negative tests in detecting
false negatives [21]. Abbreviated screening is not routinely
used in this laboratory so that inexperience with the tech-
nique may have underestimated the number of false nega-
tives. Consequently, the effectiveness of Papnet-assisted,
primary screening may be overstated. Alternatively, since
the 5.3% attributable, false negative rate is close to the 5%
false negative fraction of standard practice, the abbrevia-
ted screening may have been performed successfully [22].
More importantly, since the proposed guidelines on auto-
mated instruments endorse a 5% false negative rate for the
negative triage, it would appear that the Papnet system
functions appropriately in this regard [19].

The 15.3% sensitivity advantage of Papnet-assisted,
primary screening approximated the lower end of the 18-
40% range determined from a review of other studies
[18]. At this time, the increased detection of LSIL lesions
is considered advantageous, but whether the same applies
to the increased detection of ASCUS/AGUS tests is deba-
table. Tests classified as ASCUS/AGUS are by definition
of uncertain clinical significance and in follow-up studies
show a high spontaneous resolution rate [13, 23, 24].
These properties may undermine the clinical relevance of
the sensitivity advantage of automated screening. Alter-
natively, it is prudent to consider that a proportion of
women with an ASCUS/AGUS result will have a biopsy
confirmed SIL at the subsequent colposcopy exam [23,
24]. Thus the increased sensitivity at the ASCUS/AGUS
threshold should not be discounted.

The sensitivity of Papnet-assisted, primary screening
may be enhanced by improvements in cell classification,
full manual screening, review station triage, and scan-
ning. Further refinement of cytologic criteria to reduce or
eliminate classification errors could reduce the number of
false positives and reduce the false negatives by 6.7%.
The false negative misclassifications related to one test
with an ASCUS and one with an AGUS result, entities
which are subject to considerable inter and intra-observer
variation [25]. The sensitivity improvement therefore,
would be marginal and difficult to achieve. More effec-
tive post triage, full manual screening may improve the
sensitivity as 50% of the false negatives were due to
errors in this activity, and importantly did include the
single missed test result of HSIL. This may not be possi-
ble because the attributable, false negative rate (6.2%) of

the post triage, full manual screening approximated what
is described as the irreducible false negative fraction
(5%) of manual screening [22]. While quality control of
the post triage, full manual screening to detect manual
screening misses may not be necessary, future studies
should carefully address this need.

The sensitivity may be improved even further by redu-
cing or eliminating the 30% attributable error due to
review station triage failures. The nine triage misses were
mostly examples of ASCUS and there was only one
LSIL. A quality control check of the triage process may
result in some improvement. Additionally, the manufac-
turer should consider alarming the triage process so that
cytotechnologists are alerted to potential, false negative
triages. The scanner accounted for 13.3% of the false
negative errors and likely represents the limits of the
system’s detection capacity in it’s current design. Addi-
tional enhancements may improve the scanner’s sensiti-
vity and wuold be advantageous as 50% of the lesions
missed were examples of LSIL.

Some laboratory error in the conventional, manual scree-
ning practice was expected, however, the sensitivity and
specificity rates were more than acceptable, particularly at
the SIL threshold [2]. The relatively lower sensitivity rate
at the ASCUS/AGUS threshold may not be solely due to
screening and interpretative errors but rather to some
inconsistent application of cytologic criteria by the labora-
tory personnel consequent to the introduction and lack of
experience with the TBS reporting terminology [13]. Dia-
gnosis of SIL lesions would be unaffected by a change in
terminology since the cytologic criteria for diagnosis did
not differ between reporting 'systems [1, 13, 14]. The
almost equal effectiveness of both screening systems in the
detection of SIL results supports this conclusion. Regard-
less, it is important to note that the effectiveness of Papnet-
assisted, primary screening in this study was not due to a
substandard level of conventional, manual screening. Thus
Pap test screening in this laboratory could be improved at
the ASCUS/AGUS and LSIL thresholds by the implemen-
tation of Papnet-assisted, primary screening. Such deci-
sions are contingent on the results of future appropriately
designed, prospective trials and whether the Papnet system
will become commercially available once the companies
economic issues are resolved [26].

Conclusions

Papnet-assisted, primary screening equaled conventio-
nal, manual screening in the detection of a wide range of
cell abnormalities and was more effective in the detec-
tion of abnormalities at the lower end of the disease
spectrum.
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