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Abstract

Whole slide imaging (WSI) is increasingly used for primary and consultative diagnoses, teaching,
telepathology, slide sharing and archiving. We compared pathologist evaluations of glass slides
and corresponding digitized images within the context of a statewide surveillance effort. Cervical
specimens collected by the New Mexico HPV Pap Registry (NMHPVPR) research program
targeted cases diagnosed between 2006-2010. Two samples of 250 slides each were digitized with
the ScanScope XT (Aperio, Vista, California) microscope and reviewed with Aperio ImageScope
reader. (1) A “random set” had a distribution of community diagnoses: 70% from cases of cervical
intraepithelial neoplasia grade 2 (CIN2) or higher, 20% from cases of CIN grade 1 (CIN1) and
10% from negative cases. (2) A “discrepant set” was represented by difficult cases where two
study pathologists initially disagreed. Within the regular workflow of the NMHPVPR, 3
pathologists read the slides 2—3 times each without knowledge of clinical history, previous
readings or sampling scheme. Pathologists also read each corresponding image twice. For within-
and between-reader comparisons we calculated unweighted Kappa statistics and asymmetry Chi-
square tests. Across all comparisons, slides and images yielded similar results. For the random set,
almost all within-reader and between-reader Kappa values ranged between 0.7-0.8 and 0.6-0.7,
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respectively. For the discrepant set, most within- and between-reader Kappa values were 0.4-0.6.
As CIN diagnostic terminology changes, pathologists may need to re-read histopathology slides to
compare disease trends over time, e.g., before/after introduction of human papillomavirus (HPV)
vaccination. Diagnosis of CIN differed little between slides and corresponding digitized images.
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Introduction

Digital pathology is increasingly used in medical practice with the advent of whole slide
imaging (WSI), the process of scanning and digitizing glass slides to produce images that
can be either reviewed by pathologists or subjected to automated image analysis. WSI is
common in a variety of contexts including: primary diagnoses, consultation, telepathology,
education and quality assurance (1-4). A collection of research across subspecialty areas
suggests WSI can perform similarly to glass slides (1, 5-9) although study designs are
heterogeneous.

WSI can be of particular benefit for pathology surveillance projects where the process of
storing and retrieving a large volume of glass slides can be time-consuming and expensive.
Slide retrieval is of particular importance in the statewide New Mexico HPV Pap Registry
(NMHPVPR) which was established in 2006 to compare the statewide prevalence of
cervical intraepithelial neoplasia (CIN) and human papillomavirus (HPV) infections before
and after introduction of the HPV vaccine. A valid before-after comparison will require
utilization of similar histopathology diagnostic criteria across both time periods. Since
histopathology diagnosis of CIN is variable (10-15) and CIN nomenclature has recently
changed (16), we may see secular trends in diagnostic criteria, which could confuse
evaluations of the impact of vaccination. Therefore, many years from now, early slides will
need to be retrieved and re-read concurrently with after-vaccination slides to ensure similar
diagnostic criteria across time periods. WSI would be an attractive alternative to standard
slide archiving.

In the NMHPVPR, we sought to measure within- and between-reader agreement among
experienced pathologists reading glass slides and their digitized images. In particular, we
evaluated whether the most difficult cases (poor between-reader agreement) were either
harder or easier to interpret using digitized images vs. glass slides.

Materials and Methods

The New Mexico HPV Pap Registry (NMHPVPR) is a public health surveillance activity
established to evaluate the continuum of cervical cancer prevention throughout the state
(17). All Pap and HPV tests and all cervical, vulvar and vaginal pathology results are
reportable under the New Mexico Notifiable Diseases and Conditions (http://nmhealth.org/
ERD/healthdata/documents/NotifiableDiseasesConditions022912final.pdf As part of an on-
going HPV genotyping research study of cervical biopsy specimens, a histology review
scheme was established. Cervical biopsy cases are randomly selected by the NMHPVPR
from the time period 2006-2009, within strata defined by the community pathologist
diagnosis (Negative, CIN grade 1 [CIN1], and CIN grade 2 [CIN2] or higher). Blocks from
participating laboratories are de-identified and new tissue sections are obtained for
Hematoxylin and Eosin (H&E) staining and histologic review. The review panel consists of
three experienced gynecologic pathologists with academic affiliations (NJ, BMR, and MS).
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One slide from each case is initially reviewed by two of the three study pathologists. If they
agree on the histologic diagnosis, no further review is undertaken. When they disagree, the
third study pathologist reviews the slide and serves as the final adjudicator. All reviewers are
blinded to the diagnoses of the other study pathologists, the initial community diagnosis, and
all patient information.

Two sets of cases from a single laboratory were established to evaluate within- and between-
reader variability. All slides in each set were read three times by each of the three reviewing
pathologists over a period of approximately 12 months. Slides were mixed into the routine
registry caseload with altered identifiers so that the reviewing pathologists had no
knowledge of which slides were repeated. One set of cases (the “random” set) consisted of a
stratified random sample of 250 cases selected with strata based on the community
diagnosis: 70% from cases of CIN2 or higher, 20% from cases of CIN1 and 10% from
negative cases. To examine more closely cases that were especially difficult, a second
sample of 250 cases (the “discrepant” set) was selected. These were cases where the initial
community diagnosis was CIN2 or higher, and the first two study reviewers disagreed with
each other as to exact diagnosis.

All slides in both sets were digitized using the ScanScope XT (Aperio, Vista, California)
microscope and reviewed using the Aperio ImageScope reader, a free software image
viewer. The resulting digitized images were then read twice by each reviewer over a period
of approximately six months. Because the only slides that were digitized were part of the
reproducibility study, reviewers were aware of this when reading the digitized images,
unlike the study slides which were mixed into the routine registry caseload.

For this analysis, we first tested for within- and between-reader differences in the marginal
distributions of the readings using Bhapkar’s test of marginal homogeneity (18). We then
quantified within-reader and between-reader agreement using the unweighted Kappa statistic
and a 95% confidence interval. For reference, a Kappa value of 0.4-0.6 indicates moderate
agreement while a value of 0.6-0.8 indicates substantial agreement and 0.8-1.0 indicates
almost perfect agreement. Comparisons of Kappa values were made using a bootstrap
estimate (1,000 replicates) of the standard error of the difference in Kappa values (19). All
analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, North Carolina). SAS
Procedure CATMOD was used to compute tests of marginal homogeneity (20) and
procedure FREQ was used to compute kappa statistics. This research study was approved by
the University of New Mexico Human Research Review Committee.

Table 1 shows the distribution of community diagnoses as well as diagnoses by reader for
the random set of cases. For each reviewer the three readings of each slide and two readings
of each digitized image are presented. Nine of the 250 cases were excluded because one or
more of the reviewers indicated that the slide or image was technically unsatisfactory for
diagnosis. The marginal distributions varied significantly across the three slide readings for
readers 2 and 3 and across the two image readings for readers 1 and 3, although the
differences were modest. Only reader 2 showed any significant difference between slides
and images, with a greater proportion of negative and a lower proportion of CIN3 calls for
the images (p<0.001). Significant variation was observed between all three readers (p <
0.001). Reader 2 tended to call CIN2 more frequently (22.0%—-25.7%) while reader 1 called
CIN2 less frequently (9.1%—-12.9%), and reader 3 was most variable with CIN2 calls
(13.7%-23.7%).
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Figure 1 presents the within-reader and between-reader agreement for the random case set.
For reader 1 and reader 3, within-reader Kappa values ranged between 0.71 and 0.84 with
overlapping confidence intervals for all comparisons (Figure 1a). Reader 2 had similarly
high agreement for comparisons between slides and between images but lower Kappa values
(0.64 and 0.61) for comparisons between the slide and image readings, which is consistent
with this reader’s tendency to call more negatives and fewer CIN3 for images compared to
slides. Between-reader agreement (Figure 1b) tended to be lower than within-reader
agreement with all but one Kappa value between 0.62 and 0.74.

The discrepant set was selected from cases with a community diagnosis of CIN2 or higher
and all three readers showed considerable downgrading from the community diagnosis
(Table 2). Additionally, the distribution of diagnoses for the discrepant set showed more
variability, both within-reader and between-reader, and all but one test of marginal
homogeneity were statistically significant. All three readers tended to call fewer CIN2 or
higher for images compared to slides (p<.001 for all comparisons).

Compared to the random slide set, readers had lower within-reader agreement for slides with
Kappa values ranging between 0.37 and 0.61 (Figure 2a). Comparisons of slide readings vs.
image readings showed similarly low Kappa values of 0.33 to 0.53. Figure 2b shows
between-reader agreement for the discrepant set. The first slide reading was not included in
the between-reader analysis because this reading defined the discrepant set and, by
definition, there was complete disagreement between two of the readers. Comparisons of
subsequent between-reader agreement showed that readers 1 and 2 had better agreement
with each other when reviewing slides and images with Kappa values between 0.38 and 0.55
while reader 3 tended to disagree more with both readers 1 and 2 with Kappa values
between 0.22 and 0.35. This difference was due to reader 3’s greater tendency to diagnose
more cases as CIN2 and CIN3 (Table 2). The between-reader agreement was similar for
slides and images.

Discussion

In a sample of cervical histopathology slides from a statewide registry and its associated
research program, we found very good reproducibility both within and between-readers
when evaluating glass slides and their digitized images. Similarly, reproducibility between
glass slide and digitized images was also very good. Among difficult cases, the agreement
for digitized images was similar to agreement for glass slides with a slight tendency towards
downgrading for images and slides. The between-reader Kappa values for the random set
ranged from 0.6 to 0.7, a range similar to some unweighted Kappa values previously
reported for cervical histopathology(15), but higher than others (11, 13, 14, 21).

Our study of almost 500 cases is one of the larger studies examining the comparative
performance of WSI vs. traditional glass slides and the first of which we are aware that is
dedicated to cervical histopathology. Our findings generally coincide with results from other
WSI studies, although there are differences in design (1, 5) and they targeted other organ
sites (9, 22, 23). Of note, this study was performed in the context of a large pathology
surveillance project and not clinical practice, therefore no additional patient information was
provided and there was no further review of challenging cases. In addition, the sampling
design of this study was not selected to represent the spectrum of cases observed in a routine
clinical practice. Yet, we note that reviewers were unaware that they were reviewing slides
and images multiple times or even in a random vs. discrepant set. Slides were introduced
into the routine registry caseload.
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Given that imaging systems have a variety of organizational archiving and image viewing
options as well as image capture settings, WSI scanning can require a significant investment
of time for laboratories to establish a system. Once imaging system management and
processes are established validation approaches must be considered as previously described
((http://www.cap.org/apps/docs/membership/transformation/new/validating.pdf). We found
that imaging itself is a very labor intensive activity even in an experienced laboratory using
automation capable of capturing up to 120 slides or greater per imaging session. Imaging
time varies depending on the magnification, image focus points and image format selected
by the user and can take many hours per 100 slides. Difficulties in the imaging process can
result in additional investments of time on a regular basis (e.g. reimaging can be required to
obtain satisfactory images for a variety of reasons including variable thickness across the
tissue specimen or when system barcode reading errors are encountered). Approximately 3—
5% of images required reimaging by the NMHPVPR. A manual technical review process
was established for individual images and the need for customized solutions to address
imaging failures had a significant impact on workflow.

Participating pathologists noted that a learning period will be important to implement image
review processes and may vary among individual pathologists. Given that most experience
and current standards of clinical practice use glass slide review, it is likely that, at least
initially, more time will be required to review images than slides. Potential difficulties
associated with visualizing small lesions in the image format should be considered when
undertaking future evaluations.

In conclusion, the discrepancies within and between pathologists were similar whether
reading slides or images. Reading digitized images as opposed to glass slides will likely
produce similar results and difficult cases will still be difficult to interpret. These findings
suggest that WSI could be useful for archiving within the context of a pathology
surveillance project but significant efforts are required. This study’s methodology may
prove useful as pathology laboratories undertake in-house validation of WSI prior to use as a
tool for patient care activities such as primary diagnosis or consultation.
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la. Within-reader agreement

Reader 1
Slide read 1 vs. read 2 —e—o
Slide read 2 vs. read 3 —e—
Image read 1 vs. read 2 —e—i
Slide read 1 vs. Image read 1 —e—
Slide read 2 vs. Image read 2 —e—i
Reader 2
Slide read 1 vs. read 2 —e—
Slide read 2 vs. read 3 —e—
Image read 1 vs. read 2 —e—
Slide read 1 vs. Image read 1 e
Slide read 2 vs. Image read 2 ——e—
Reader 3
Slide read 1 vs. read 2 —e—o
Slide read 2 vs. read 3 —e—
Image read 1 vs. read 2 e
Slide read 1 vs. Image read 1 e
Slide read 2 vs. Image read 2 . ——
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1b. Between-reader agreement
Reader 1 vs. Reader 2

Slide read 1 ——e—
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Slide read 3 ——e—
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Reader 1 vs. Reader 3

Slide read 1 —e—

Slide read 2 e

Slide read 3 —e—
Image read 1 ———
Image read 2 ——e—

Reader 2 vs. Reader 3

Slide read 1 ——e—

Slide read 2 e

Slide read 3 ——e—
Image read 1 ——e—
Image read 2 ———
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Kappa

Excludes 9 cases where slide or image was judged unsatisfactory for at least one reader.

Figure 1.
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Within-and between-reader agreement for 3 readings of glass slides and 2 readings of
digitized images among a stratified random sample of 241 cases

la. Within-reader agreement

1b. Between-reader agreement

Excludes 9 cases where slide or image was judged unsatisfactory for at least one reader.
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Reader 2
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Reader 3
i
————i
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i
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Kappa

2b. Between-reader agreement

Slide read 2
Slide read 3
Image read 1

Image read 2

Slide read 2
Slide read 3
Image read 1

Image read 2

Slide read 2|
Slide read 3|

Image read 1
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Reader 1vs. Reader 2

Reader 1 vs. Reader 3
—
—
—
i

Reader 2 vs. Reader 3

0.0
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Kappa

10

Excludes 2 cases where slide or image was judged unsatisfactory for at least one reader.

Figure 2.

Within-and between-reader agreement for 3 readings of glass slides and 2 readings of
digitized images among 248 cases where readers initially disagreed

2b. Within-reader agreement
2b. Between-reader agreement

Excludes 2 cases where slide or image was judged unsatisfactory for at least one reader.

Hum Pathol. Author manuscript; available in PMC 2014 November 01.



Page 11

Gage et al.

'ploysalyr 0'>d e Jueaiiubis >__8_Hw_§mm

'T00°0> d ‘sabewi pue
SapIIS Usamiaq sasoubelp J0 UOINGLISIP 8y Ul 80UBJIaIP JUedIHIUBIS B pamoys g J1apeay 'T00'0> d ‘sabewl pue sapi|s Yloq 104 SI1apeal |[e Usamiaq Juaiapip Apuedisiubis sem sasoubelp 40 uonnguisip ay L

*Japeal auo 1ses) Je 1oy A1010esiresun pabpnl sem abewi 10 api|s 81aym Sased g Sapnjox3

©t000 AN 6'9¢ LET 99T 9Tz Z peal
91T 982 661 0T 82 Tpess  abew|
el00 91T L'se gsT 99T €02 € peal
0zl 8ze 8T ¥IT 66T Z peal
Z1 £0¢ L't ¥ST  G6T Tpeal  spUs € Jopesy
20 91T viT g2z €8T  66C Z peau
AN S6T zez  T6T 012 Tpeas  abew|
©c00 91T The 02 ¢lz TTe € peal
AN 8.2 L'tz 8ST  9T¢ Z peau
Z1 L'€Z LISz vIT 022 Tpess  8plS g Jepesy
©c000 91T 992 00T 7€ 982 Z peal
91T 562 621 €z 82 Tpeas  abew|
70 911 6'62 T6 €S2 T¥e € peal
AN £0¢e 9Tl 02 612 Z peal
91T 8ze 56 Iz 612 Tpesl  8plS T Jepesy
6'vT TTE L€z L0z G6 sisoufeip Aunwiwiod
anpea-d % % % % %

Apushowoy eulBrely  BOURD  SIV/ENID 2NID  TINID  aAlefeN

Sased T7¢ Jo ajdwes wopuel paijinens e Buowe sabew! paznibip Jo sbuipeal z pue sapl|s ssejb Jo sbuipeal ¢ 10} Japeal Ag sasoubelp Jo uonnguisiq

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Hum Pathol. Author manuscript; available in PMC 2014 November 01.



Page 12

Gage et al.

‘ploysaiyr Go'>d 1e Jueaiyiubis >__8:m_§mm

'T00°0> d ‘sabewi pue

SapI|s Usam1aq sasoubelp JO UoIINGLISIP 8Y) Ul S80UBIALIP JURDIIUBIS Pamoys siapeal |1 “T00°0> d ‘sefewi pue sapijs Y1oq 1oy SIapeal |[e Usamiaq juaiayip Ajueoiyiubis sem sasoubelp Jo uonNguLISIp 8y L

*19peaJ BUO 1ses) 18 104 Alojoejsiresun paBpnl sem afew 1o apifs 81aYM Sased Z sapnjox3

900 ) z0z 6T 22 €SI Z peal
00 06T 09 06z  TOT Tpeas  abew|
¢l000> 80 05z 9sy g8 TOT € peal
00 Rz 95 €6 L6 Z peai
00 012 €9 9T €T Tpeal  8plS € Jepesy
©c000 0 8y 6z €¥E  0TE Z peal
70 T8 6€C  20e Vi Tpeas  abew|
el000> 80 70T 8y 0€z 11T € peal
00 L'ST 0¥y 92  LIT Z peal
80 LT £€9¢  20g 07T¢ Tpesl  8plS ¢ Jepesy
©l00'0> Z1 95 06T 09 28 Z peal
80 LET zoz TSy oz Tpeas  abew|
el000> 97T 50T 0gz  Ter 8712 € peal
z1 €T 98z  €ve 902 Z peau
97T LET 6¥T 9T T8I Tpess  8plS T Jepesy
Z1 862 069 00 00 sisouBelp Aunwwoo
anpea-d % % % % %
AieusBowoy feulbrely  LOURD  SIV/ENID 2ZNID  TINIO  8AlrebeN

paaibesip Ajjeniul sispeal alaym sased gz Buowre sabewi pazinibip Jo sbuipeal g pue sapi|s sse|b Jo sbuipeal g 1oy Japeas Aq sasoubeip Jo uonnqlisia

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Hum Pathol. Author manuscript; available in PMC 2014 November 01.



