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Abstract

Objective—Inter-observer agreement in the context of oral epithelial dysplasia (OED) grading
has been notoriously unreliable and can impose barriers for developing new molecular markers
and diagnostic technologies. This paper aimed to report the details of a 3-stage histopathology
review and adjudication process with the goal of achieving a consensus histopathologic diagnosis
of each biopsy.

Study Design—Two adjacent serial histological sections of oral lesions from 846 patients were
independently scored by two different pathologists from a pool of four. In instances where the
original two pathologists disagreed, a third, independent adjudicating pathologist conducted a
review of both sections. If a majority agreement was not achieved, the third stage involved a face-
to-face consensus review.

Results—Individual pathologist pair kappa values ranged from 0.251 — 0.706 (fair — good)
before the 3-stage review process During the initial review phase, the two pathologists agreed on a
diagnosis for 69.9% of the cases. After the adjudication review by a third pathologist, an
additional 22.8% of cases were given a consensus diagnosis (agreement of 2 out of 3 pathologists).
Following the face-to-face review, the remaining 7.3% of cases had a consensus diagnosis.

Conclusion—The use of the defined protocol resulted in a substantial increase (30%) in
diagnostic agreement and has the potential to improve the level of agreement for establishing gold
standards for studies based on histopathologic diagnosis.

INTRODUCTION

Cancers of the lip, oral cavity, and oropharynx are among the most common cancers, with
approximately 400,000 incident cases globally.! In the United States, five year survival rates
are approximately 60%, yet when diagnosed in the early stages, and confined to the primary
site, the rates are 82%.2 Oral squamous cell carcinomas (OSCC) comprise over 95% of
cases and may be preceded by a precancerous lesion. The term oral potentially malignant
disorder (OPMD) describes clinically detected epithelial lesions that carry an increased risk
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of progressing to cancer.> OPMDs range in clinical presentation from white patches
(“leukoplakia™) to red patches (“erythroplakia”) or may be mixed red/white epithelial lesions
(“erythroleukoplakia”) with or without ulceration. Following biopsy, these lesions can be
graded on the basis of the histopathologic findings ranging from benign epithelial
hyperkeratosis at one end of the spectrum, through mild, moderate, and severe oral epithelial
dysplasia (OED), to carcinoma in situ, and finally OSCC at the other extreme.*
Histopathological assessment of OPMD depends on the microscopic grading of OED.
However, such assessment can be subjective and notoriously unreliable with both poor inter-
and intra-observer agreement between pathologists when assessing histological features.>: ©
The challenges here may be traced to the fact that grading must impose artificial categories
onto what is a diffuse, nonhomogeneous continuum of biological change, with no clear
boundaries. Thus, it is challenging to define precise and reproducible criteria to categorize
lesions to each side of these artificial boundaries. In general, grading systems work well
when considering high grade dysplastic lesions or malignancy, but perform poorly for low
grade dysplastic lesions. For these low grade lesions, changes may be subtle and there is
considerable overlap with inflammatory and reactive histologic changes.’

Studies of grading systems used for other sites in the head and neck region (e.g., larynx)
have shown similar weaknesses®, often due to lack of consensus on the best grading systems
as well as to inter-observer variability. One common method of quantifying inter-observer
agreement is by calculating kappa values. The interpretation of kappa statistics throughout
this paper, including previously published kappa values, is based upon the scale proposed by
Altman (1991): <=0.20 = poor, 0.21 — 0.40 = fair, 0.41 — 0.60 = moderate, 0.61 — 0.80 =
good, 0.81 — 1.00 = very good.” In their review, Fleskens et al. (2009)3 noted that published
kappa values for inter-observer agreement of oral dysplasia varied from 0.17 (poor) to 0.78
(good). They also found that, similar to other sites, grading of oral dysplasia was more valid
and reproducible for severe dysplasia and malignancy than it was for low grade lesions. A
number of studies have evaluated inter- and intra-observer agreement in the grading of
dysplasia and all have shown variable degrees of agreement which are better for high grade
lesions and for pathologists trained in the same institution.!%-13 Abbey et al. (1995) studied
the degree of agreement between 6 pathologists grading 120 lesions. This study revealed
that the average inter-observer agreement with the original diagnosis of the presence or
absence of dysplasia was only 81.8% with kappa values ranging from 0.29 to 0.57 (fair to
moderate). The intra-observer agreement by pathologists with their own previous grading of
dysplasia averaged 81.4% (kappa values ranging from 0.31 to 0.71). Put another way, when
using established histologic criteria, pathologists were not able to confirm their own
previous opinion that dysplasia was present or absent in nearly 20% of cases. !°

In an attempt to resolve these issues, Kujan et al. (2006) evaluated a binary grading scheme
which used the World Health Organization (WHO) morphological criteria to categorize
dysplastic lesions into either ‘low-risk’ or ‘high-risk’.!4 Kujan and co-workers determined
that ‘high-risk’ lesions, which subsequently underwent malignant transformation, were
characterized by at least four architectural changes and at least five cytological changes.
‘Low-risk’ lesions, which did not progress, showed less than four architectural changes or
less than five cytological changes. The authors then used these criteria to grade 68 lesions
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using either the recommended 5-point scheme (WHO?) or their proposed binary scheme.
Both schemes were found to predict malignant transformation with good correlations
between ‘low-risk’ and hyperplasia and mild dysplasia, and between ‘high-risk’ and severe
dysplasia or carcinoma in situ. However, the binary scheme was better able to categorize
lesions showing moderate dysplasia into high- and low-risk groups, with 14 of 16 designated
as high risk progressing to cancer. The binary scheme also showed good discrimination for
predicting progression-free survival. However, the overall kappa values for inter-observer
agreement were similar in both schemes and were only fair to moderate (WHO grading
system: 0.22, Binary grading system: 0.50).

In spite of these shortcomings, grading of dysplasia remains the most valid method for
assessing the malignant potential of OPMD.!3

With the goal of creating new quantitative and un-biased tools with the potential to aid in the
diagnosis and management of patients with OPMDs, we have assembled a team of clinicians
who are involved in the diagnosis and management of OPMDs, alongside a group of
experienced bioengineers and cancer biologists. This multi-disciplinary team has just
completed the recruitment phase of a prospective 999-patient phase 2/3 clinical trial to
validate oral cancer biomarker signatures derived from quantitative cytological and
immunohistochemical image-based parameters, facilitated by a novel lab-on-a-chip sample
processing approach. A major first step in the study was to agree on the histopathologic
criteria for the diagnosis and grading of OED, in order to determine a method for the
establishment of enhanced gold standard diagnoses against which the cytological and
biomarker expression profiles would be compared.

This paper reports the details of the multistage histopathology review and adjudication
process. This program followed a well-defined protocol that was designed with the objective
of improving the level of agreement among pathologists in the microscopic assessment of
OPMD. The use of this defined protocol has the potential to improve the level of agreement
for studies where the histopathologic assessment sets the gold standard diagnosis.

MATERIALS AND METHODS

The study reported here is part of a larger study designed to evaluate a new chip-based
system (lab-on-a-chip) to measure cytological parameters on brush biopsy samples to assist
in the diagnosis and management of OPMD. The study was a prospective non-interventional
trial involving a single visit by patients who presented with OPMD. The study was
conducted at four sites: i) the University of Texas Health Science Center at Houston, ii) the
University of Texas Health Science Center at San Antonio, iii) Bluestone Center for Clinical
Research at New York University, and iv) Sheffield Teaching Hospitals NHS Foundation
Trust, Sheffield in the United Kingdom. The study was approved by the Institutional Review
Boards of all participating institutions, including that of Rice University where chip-based
measurements were completed on brush biopsy samples. The data from the chip-based
measurements will be reported in future publications and are outside the scope of this paper
which will report the results of the protocol to establish agreement on the histopathologic
diagnosis of the lesions.
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All patients provided written informed consent. Rho Inc., a contract research organization
(Chapel Hill, North Carolina), provided statistical, regulatory, data management, and clinical
monitoring support, as well as operational management. Throughout the trial, all data that
was collected was entered in a web-based Electronic Data Capture (EDC) system.
PATIENT GROUPS

Patients attending Oral Medicine, Oral Surgery, or Otolaryngology clinics at the
participating institutions were recruited into the study. A total of 999 subjects were enrolled
into three study groups:

Group 1—The major group consisted of 775 patients who had OPMDs and who underwent
a scalpel biopsy as part of the normal standard of care for diagnosis of the lesion.

Group 2—The second group comprised 74 patients with OSCC that had been diagnosed by
a prior scalpel biopsy and confirmed histopathologically within 45 days of enrollment.

Group 3—The third group was a total of 150 lesion-free, healthy volunteers. Participants in
this group provided brush biopsy samples of their tongue and buccal mucosa; healthy
volunteers did not undergo a scalpel biopsy.

CLINICAL PROTOCOL

Brush Biopsy—Patients in Group 1 underwent brush biopsy of the oral lesion (OPMD)
and also a brush biopsy of the contralateral, clinically normal mucosa. The brush biopsy
sample was taken immediately before the same lesion underwent a scalpel biopsy as
described below. Patients in Group 2 underwent brush biopsy of the known cancerous
lesion, as well as the contralateral, clinically normal mucosa. For healthy volunteers in
Group 3, a brush biopsy of normal appearing tissue on the lateral or ventral surface of the
tongue and a brush biopsy of normal appearing tissue on the left or right buccal mucosa
were taken. Brush biopsy samples were taken using a soft Rovers® Orcellex® oral cytology
brush (Rovers Medical Devices B.V., Oss, The Netherlands). The brush was applied directly
to the lesion or control oral mucosa using mild pressure and rotated 360° approximately 10—
15 times in the same direction to obtain the cytological sample.

Scalpel Biopsy—As part of clinical patient management, a scalpel biopsy was performed
on Group 1 subjects with oral mucosal lesions suspicious for OPMD following standard
clinical procedures appropriate for each individual case. Patients in Group 2, who previously
underwent a diagnostic biopsy, were not subjected to an additional scalpel biopsy.

LABORATORY PROTOCOL

Scalpel Biopsy Processing and Histopathological Diagnosis—Tissue from
scalpel biopsies on Group 1 subjects were formalin fixed, paraffin embedded and processed
for routine histopathologic examination. For patient management purposes, histopathologic
diagnosis was made by the attending pathologists of the respective institutions following
their standard procedures.
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Brush Biopsy Processing—At the clinical site’s laboratory, the brush biopsy samples
were immediately processed, frozen, and stored in a —80°C freezer until they were sent in
batches to the McDevitt Laboratory at Rice University according to standard operating
protocols. The detailed protocols for preparation of the brush biopsy samples and the results
of the biomarker analyses will be reported in subsequent papers.

Histopathological Analysis—For research study purposes, hematoxylin and eosin
stained sections of the scalpel biopsy specimens were examined by the four participating
study pathologists. These participating pathologists (PMS, JP, NV, SMcG) were all senior
and experienced oral and maxillofacial pathologists. The qualifications of each pathologist
can be found along with their institutional affiliations in the author list. In addition to the
diagnostic slide used for patient management, two consecutive serial sections were prepared
for each specimen and sent for research review by two pathologists (designated as reviewers
A and B) blinded to the clinical and microscopic diagnosis, and to the site of the lesion.
Reviewers A and B therefore reviewed different slides from the same lesion — but these were
adjacent serial sections and therefore only approximately Sum apart. The four individual
participating pathologists are denoted as 1, ii, iii, and iv. The pairs of reviewing pathologists
were designated “Reviewer A” and “Reviewer B” and were paired from the pool of the four
participating pathologists. Reviewers A and B were at different centers from each other and
also from the participating pathologist who issued the original diagnosis. Each pathologist
independently categorized each case into one of 7 microscopic diagnostic categories based
on the 2005 WHO guidelines for typing of cancer and precancer of the oral mucosa. The
exact terminology and their respective microscopic descriptions used were agreed upon in
advance by the pathologists participating in the trial, facilitated by the contract research
organization that provided oversight for the study. Table 1 summarizes the diagnostic
classifications used for the study. There was no attempt to calibrate the pathologists beyond
the agreed terminology summarized in Table 1. For subjects with a previously diagnosed
malignant lesion, slides generated from the initial biopsy that led to the diagnosis of
malignancy were used to confirm the diagnosis.

Since the microscopic classification of the biopsies were to be used as a gold standard for
the lab-on-chip machine learning and diagnostic model selection, research diagnoses of the
biopsies needed to be as objective as possible. These were based solely on an analysis of the
architectural and cytological changes following the WHO guidelines.* As such, when the
research pathologists evaluated and classified the lesions into one of the 7 research
diagnostic categories, they were blinded to the patient’s clinical findings, the clinical
impressions of those who had taken the biopsy, and the original histopathology report
generated for patient management purposes.

ADJUDICATION PROCESS

To enable the research pathologists to reach agreement on the histopathological diagnosis of
each biopsy, a 3-stage review process was implemented as shown in Figure 1. The process
was completed as follows:
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Adjudication—After the first independent examination of the sections, if pathologists A
and B agreed, then this diagnosis was accepted as the gold standard diagnosis for those
cases. Since the goal of the study design was to increase the level of inter-observer
agreement, a pragmatic decision was made to accept an agreed upon diagnosis as final,
which is the norm for most studies. If there was disagreement between the two pathologists,
BOTH slides were reviewed by a third independent pathologist for adjudication. The same
pathologist acted as the adjudicator for all cases. This pathologist (JB) was an experienced
senior oral and maxillofacial pathologist who has published widely on the topic of oral
epithelial dysplasia and premalignancy. He was independent of the previous review stages
and was blinded to the clinical details, to the original diagnosis and to the opinions of
reviewers A and B. A majority diagnosis (i.e., agreement by 2 out of the 3 pathologists
(reviewer A, reviewer B and adjudicating pathologist)) was accepted as the enhanced gold
standard diagnosis.

Consensus Review—For those cases where the adjudicator did NOT agree with either
reviewer A or B, slides were subjected to a consensus review at which Reviewers A and B
and the adjudicating pathologist met for a face-to-face meeting at UTHSC Houston. BOTH
slides for each case were reviewed and discussed, and the three pathologists reached
agreement on a diagnosis. Rather than isolating the three pathologists, the slides were
reviewed and discussed as a group in order to maximize the probability of achieving an
accurate final diagnosis. As with the initial reviews, diagnoses were based on histology
alone. Clinical information was not provided to the pathologists. Additionally, the consensus
review was performed independent of the initial histopathological assessment (i.e.,
reviewers were blinded to the original diagnoses and comments). Slides were reviewed
using a multi-head microscope.

The diagnosis was recorded on a source document worksheet for each case undergoing
consensus review. Using the provided worksheet, the new diagnosis was recorded separately
from the initial diagnosis to ensure all original data was maintained. Following completion
of the review, data were entered into the Electronic Data Capture system.

Binary Review—Using the previously published grading criteria, all cases were

reclassified according to the method described by Kujan et al.!4

as a high-risk or low-risk
lesion. High-risk lesions included all lesions graded as severe dysplasia or carcinoma in situ,
and low-risk lesions included lesions graded as non-dysplastic or showing mild dysplasia.
The binary classification review was undertaken to re-classify all cases graded as moderate
dysplasia into the high- or low-risk categories.!* The review was undertaken at the same
time as the consensus review during a face-to-face meeting at UTHSC Houston. All cases
with a final research diagnosis of moderate dysplasia were shipped to the UTHSC Houston
site prior to the meeting and any cases designated as moderate dysplasia during the

consensus review were subsequently included in the binary classification review.

Each moderate dysplasia case (two slides per subject) was reviewed by two pathologists.
The two pathologists discussed and scored the approved architectural and cytological
criteria* 14 and determined if the lesion should be categorized as high-risk or low-risk.
Lesions with 3 or less architectural criteria or 4 or less cytological criteria were re-classified
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as low-risk. Lesions with 4 or more architectural criteria and 5 or more cytological criteria
were re-classified as high-risk. As with the initial, adjudication, and consensus reviews,
diagnoses were based on histology alone, and clinical information was not provided to the
pathologists. The diagnosis was recorded on a source document worksheet for each case
undergoing review. Using the provided worksheet, the new binary diagnosis was recorded
separately from the initial, adjudication, and consensus diagnoses to ensure all original data
were maintained. Because the study was designed to use the final diagnoses in assigning
low-risk or high-risk status, the binary review process does not assess inter-observer
agreement levels.

MATHEMATIC BASIS FOR ADJUDICATION PROCESS

RESULTS

Since the true diagnosis is unknown, it is not possible to determine the true rates of correct
or incorrect diagnosis. However, by using basic probability theory, we have demonstrated
the statistical benefit of the 3-stage adjudication process. Probabilities for correct and
incorrect diagnoses were derived from the overall levels of agreement and disagreement
between reviewers in the initial review stage. Details for the derivation can be found in the
Supplementary Materials. The key assumptions made in this example were that: 1) all
reviewers had an equal probability of misdiagnosis that was not influenced by the other
reviewers, 2) each slide had an equal probability of misdiagnosis, and 3) where two
reviewers disagree on a particular diagnosis, one was assumed correct and the other was
assumed incorrect. Though there is a definite possibility that two disagreeing reviewers may
both be incorrect regarding a particular diagnosis, this assumption is necessary to calculate
the estimated probabilities.

The estimated probabilities for each scenario are shown in Table 2. The addition of an
adjudicator in instances when two reviewers disagree on a diagnosis resulted in an increase
in the total probability of a correct diagnosis from 66.4% to 91.0% (Appendix I). Even
though simplifying assumptions were used to derive these probabilities, these calculations
suggest the substantial reduction in diagnostic disagreement that can be gained by using our
adjudication protocol.

Of the 849 recruited patients in groups 1 (OPMD lesions) and 2 (patients with previously
diagnosed OSCC), a total of three patients were excluded from the pathologist agreement
analysis due to one of their two slides being inadequate for diagnostic purposes, resulting in
a total of 846 specimens for review. The initial review stage consisted of different pairs of
pathologists. Separate agreement levels for these pairs of pathologists (Table 3) were
calculated using the kappa statistic and percent agreement. Kappa statistics ranged from
0.251 to 0.706, translated as “fair agreement” to “good agreement” based on the
interpretation set by Altman (1991).° The breakdown of observed reviewer agreement across
the 7 diagnostic categories is shown in Table 4.

The two reviewers were in full agreement for 591 (69.9%) of the 846 cases that were
reviewed across 7 diagnostic categories. When full agreement was not achieved, slides were
reviewed by an independent pathologist as part of the adjudication stage. Following this
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stage, an additional 22.8% of cases were given a consensus diagnosis. For the remaining
7.3% of cases in which all three pathologists (the two reviewers and adjudicating
pathologist) lacked agreement, a face-to-face consensus review was performed. Following
consensus review, agreement was reached on the diagnosis for 100% of the 846 eligible
cases.

Final classifications were determined throughout the 3-stage adjudication process whenever
full agreement or majority agreement was reached. Of the 846 lesion samples, 545 (64.4%)
were classified as benign lesions, 107 (12.6%) as mild epithelial dysplasia, 33 (3.9%) as
moderate dysplasia, 16 (1.9%) as severe dysplasia, 3 (0.4%) as carcinoma in situ, and 142 as
OSCC (16.8%). All moderate dysplasia diagnoses were further reviewed using a binary
review, “low-risk/high-risk” classification system. Using this system, 662 (78.2%) of the
846 lesion samples were classified as “low-risk” and 184 (21.7%) were classified as “high-
risk”. Of the 33 lesions classified as moderate dysplasia, 10 were re-classified as “low-risk”
and 23 were re-classified as “high risk”.

DISCUSSION

Inter-observer disagreement has been a notorious consequence of dysplasia grading,
resulting from the challenges of imposing artificial categories onto continuous biological
changes. Greater levels of disagreement are found when categorizing low grade lesions.”
This observation is likely due to the fact that these lesions show fewer and more subtle
changes, many of which may be seen in reactive lesions, especially as a result of an
inflammatory infiltrate. In our study, the majority of the dysplastic lesions were mild or low
risk, which may account for the relatively low kappa values and low levels of inter-observer
agreement after the initial review. This lack of agreement is particularly challenging in the
context of defining robust, objective standards for training predictive diagnostic models. The
use of our well-defined protocol resulted in an increase in pathologist agreement from
69.9% to 100%. The more confident histopathological diagnoses may serve as an enhanced

gold standard for studies that validate early-stage diagnostic tools for OPMDs.

Besides one reviewer set (i/ii) exhibiting a high level of agreement with a kappa value of
0.706 and a percent agreement of 81%, the remaining 4 reviewer sets, with kappa values
ranging from 0.251 — 0.513 and percent agreement ranging from 62%-79.6%, correlate well
with previous studies evaluating inter-observer variability in the diagnosis and grading of
OPMD where kappa values ranged from 0.15 — 0.70 with a percent agreement range of
35.8% — 69%.19-14 Tt is worth noting that the sample size used in these studies ranged from
64 — 120 slides, while the sample size in this study ranged from 105 — 234 cases per pair of
reviewers with a total of 846 cases. By applying the 3-stage adjudication process protocol, a
final “enhanced gold standard” diagnosis was established for each slide. The foundation for
the use of this adjudication protocol stems from the well-known phenomenon of the
performance of collective judgments of groups compared to single expert opinions. This
effect has been demonstrated across many diverse fields, including medical expert
opinion.'?- 20 In his book, “The Wisdom of Crowds”, James Surowiecki states that groups
can make better decisions than its individual members if the members are allowed to
function independently.2! By increasing the inter-observer agreement level, we hypothesize
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that the collective opinion of several pathologists may result in a more clinically accurate
microscopic diagnosis. This enhanced gold standard may serve as a benchmark for future
model training and for validation of novel molecular and morphometric biomarkers used in
OED risk stratification.

DOES A GOLD STANDARD EXIST?

In a recent study that evaluated inter-observer agreement in histopathological grading of
OED, Dost et al.22 concluded that OED grading has such poor predictive value that it should
not be used as a treatment guide. A follow-up editorial regarding this conclusion by Edwards
(2014)23 countered that, despite its limitations, OED grading gives a pathologist the best
opportunity to convey the overall risk of malignancy to the clinician. Additionally, the
authors agreed that molecular markers are needed to assist the pathologist and may
eventually lead to a more definitive OED risk stratification.

An important distinction in terminology is made by Bosman (2001)3 who classifies
“research histopathology” and “applied histopathology” as two separate entities. Cross-
platform comparisons can lead to poor levels of inter-observer agreement and clinical
predictive value because the purposes of each category are different. We acknowledge that
the derivation of an enhanced gold standard presented here should be considered only for
research histopathology because its primary aim is to provide an objective benchmark for
developing biomarker technologies to assist clinical diagnosis. The final translation of these
new technologies into clinical practice would then be considered clinical histopathology, or
in Bosman’s terminology ‘applied histopathology’.

For a scoring system to be clinically useful it must demonstrate high levels of both inter-
observer and intra-observer reproducibility.!!- 24 Furthermore, inter- and intra-observer
agreement levels can provide an estimate of the validity of grading systems when an
appropriate gold standard is not available.!! Due to the low levels of inter- and intra-
observer agreement regarding histopathological OED grading presented in this study and
throughout various literature reviews, there is a significant need for a reliable methodology
that derives the highest level of agreement from the current, imperfect gold standard.

ENHANCED GOLD STANDARD FOR NEW TECHNOLOGY DEVELOPMENT

When developing a predictive model, such as a diagnostic tool based on molecular
biomarker data, collected data is partitioned into two datasets: a training set and a testing set.
A gold standard is required to generate known outcomes for both data sets in order to
evaluate the performance of the new predictive model. While known outcomes for the
training set are used to calibrate the model, users are blinded to the outcomes for the testing
set in order to simulate a real world scenario. Therefore, the evaluation of the performance
of a new predictive model is entirely dependent on the reliability of the gold standard used.
Though the clinical accuracy cannot be determined without performing a patient outcome
study of the presented adjudication process, we believe that by increasing the level of
agreement between different observers, researchers can create a benchmark of comparison
for their developing technologies.
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The adjudication and consensus review process reported here were designed to increase
inter-observer agreement, in order to achieve higher confidence in the reported
histopathological assessments. An increase in agreement does not necessarily reflect an
increase in diagnostic accuracy. However, evidence from our probabilistic case-study (Table
2) and the “wisdom of crowds” phenomenon support our hypothesis that the collective
opinion of several independent pathologists has a greater probability of achieving more
clinically accurate diagnoses. Correlation with clinical outcome still remains the most
relevant measure of any risk stratification procedure’ 23, but the intention of the
adjudication process outlined here is to provide an intermediary benchmark for rapid,
iterative development of novel biomarkers and their accompanying model training and
validation. We have demonstrated that a substantial increase (30%) in diagnostic agreement
can be accomplished by using the described adjudication and consensus process.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STATEMENT OF CLINICAL RELEVANCE

In an effort to increase inter-observer agreement amongst pathologists in oral epithelial
dysplasia grading, we have developed a 3-stage review and adjudication protocol with
the goal of enabling an enhanced gold standard for new technology development.
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Figure 1.
Flow chart illustrating the process for the enhanced gold standard adjudication sequence.
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Table 1
Definition of diagnostic outcomes, including normal epithelium and the full spectrum of potentially malignant
disorders.
Diagnosis Histopathologic Criteria

Non-neoplastic/normal

Surface stratified squamous epithelium demonstrates normal thickness without hyperplasia or
hyperkeratinization. The underlying lamina propria is devoid of chronic inflammatory cell infiltrate.

Benign lesions

Surface stratified squamous epithelium may reveal hyperkeratosis and hyperplasia, but without cellular atypia
and disordered maturation (dysplasia). The underlying lamina propria may exhibit chronic inflammatory cell
infiltrate: Chronic mucositis. This category may encompass a range of benign lesions including benign
hyperkeratosis and lichen planus.

Dysplastic (mild)

Surface stratified squamous epithelium reveals cellular atypia and disordered maturation (dysplasia) limited to
the basal and parabasal layers or verruciform epithelial hyperplasia and hyperkeratosis with mild degree of
atypical architecture.

Dysplastic (moderate)

Surface stratified squamous epithelium reveals cellular atypia and disordered maturation (dysplasia) extending
from the basal layer to the mid portion of the spinous layer or verruciform epithelial hyperplasia and
hyperkeratosis with moderate degree of atypical architecture.

Dysplastic (severe)

Surface stratified squamous epithelium reveals cellular atypia and disordered maturation (dysplasia) extending
from the basal layer to a level above the midpoint of the epithelium or verruciform epithelial hyperplasia and
hyperkeratosis with severe degree of atypical architecture.

Dysplastic (carcinoma in
situ)

Surface stratified squamous epithelium reveals cellular atypia and disordered maturation (dysplasia) involving
the entire thickness of the epithelium.

Malignant

Islands and cords of malignant squamous epithelial cells arise from dysplastic surface epithelium and invade
into the lamina propria.
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Table 2

Probability of correct 7-level diagnosis (normal, benign, dysplastic mild, dysplastic moderate, dysplastic severe, dysplastic carcinoma in situ, malignant)
with two reviewers and the use of an adjudicator when the two reviewers disagree. The values of Pc and Pw represent the probability of a correct and
wrong diagnosis, respectively. Even though the model assumptions area a simplification of reality, these probabilities so derived do suggest the
substantial gains in correctly diagnosing the lesions that are likely to be achieved through our adjudication process.

Probability Scenario | Reviewer A | Reviewer B | Adjudicator | Probability Final Diagnosis
Equation Probability

1 Correct Correct N/A Pc *Pc 0.664 Correct
2 Wrong Wrong N/A Pw * Pw 0.034 Wrong
3 Correct Wrong Correct Pc *Pw *Pc | 0.123 Correct
4 Correct Wrong Wrong Pc* Pw * Pw | 0.028 Wrong
5 ‘Wrong Correct Correct Pw *Pc*Pc | 0.123 Correct
6 Wrong Correct Wrong Pw * Pc * Pw | 0.028 Wrong
Total Probability of Correct Diagnosis 0.91 (91.0%)

Total Probability of Wrong Diagnosis 0.090 (9.0%)

Overall Total Probability 1.00 (100%)
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Agreement reviewing pathologists during Initial Review Stage. Initial Review Stage percent agreement and

Table 3

kappa values are shown for individual pathologist pairs.

Initial Review

Reviewing Pathologists N (Intelr(;&l::tion) Kappa 95% CI | % Agreement

i 147 (%Zgg) (0.618,0.793) 81.0%
A 0.513

i]iii 245 (Moderate) (0.427, 0.600) 79.6%

ii | iii 115 ?Fifrl) (0.126, 0.377) 65.2%
T 0.463

iii | iv 105 (Moderate) (0.336, 0.589) 68.6%
s 0.423

il | iv 234 (Moderate) (0.339, 0.508) 62.0%
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Table 4

Level of agreement in lesion diagnoses after Initial Review Stage. Cells contain the count of slide pairs with the column label showing the diagnosis of
one reviewer and the row label showing the diagnosis of the other reviewer. The actual identity of the reviewer is not reflected in this table; rather it
reports all of the observed diagnostic combinations after the Initial Review Stage. The diagonal cells (gray) contain the count of diagnostic pairs where
both reviewers were in complete agreement in their diagnosis. For example: the cell where the “Benign” column crosses with the “Dysplastic Mild” row
represents 128 subject biopsies where one reviewer diagnosed one slide as benign and the other reviewer diagnosed the other slide as dysplastic mild.

Percentage Agreement 69.9% | Normal | Benign | Dysplastic Mild | Dysplastic Moderate | Dysplastic Severe | Dysplastic Carcinoma in situ | Malignant
Normal 0
Benign 1 408
Dysplastic Mild 0 128 31
Dysplastic Moderate 0 41 38 14
Dysplastic Sever 0 8 4 16 5
Dysplastic Carcinoma in situ 0 0 0 1 1 3
Malignant 1 5 3 2 5 1 130
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