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Introduction
• Liver histology is the reference standard for predicting therapeutic benefit in clinical 

trials with patients with nonalcoholic steatohepatitis (NASH)1-3

• Histological assessments are limited by sampling variability and subjectivity of 
interpretation, even among individual expert pathologists, leading to inadequate intra-
and inter-reader concordance2-5

• The United States Food and Drug Administration (FDA) recommends liver histology 
assessments for phase 3 clinical trials1,3

• The NASH Clinical Research Network (NASH CRN) approach whereby multiple expert 
pathologists meet in-person to review samples and reach consensus is the current 
standard for histology assessments6,7

• Convening a histopathology committee achieves high concordance, but can be logistically 
challenging and subject to bias (eg, impact of dominant voices within the committee)

• A recent FDA-issued regulatory perspective proposes using at least 2 pathologists trained in 
evaluating liver biopsy, with involvement of a 3rd pathologist for discordant readings, as a 
potential approach to ensure that histological endpoints are reliable and consistent2,3

Objective

Conclusions
• Independent scoring of histological parameters by a panel of 3 board-certified 

hepato-pathologists produces high concordance and may reduce bias

• Concordance rates between 2 separate panels are comparable to NASH CRN metrics 
and underscore panel interchangeability

• The method’s consensus rates and kappa values support its accuracy, reproducibility, 
and potential to reduce uncertainty around treatment effect estimates in NASH phase 
3 trials
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• The primary aims of this analysis were to assess concordance on NASH histological 
scoring between 3 independent pathologists within each of 2 separate panels and to 
estimate concordance between the 2 panels for comparison with published NASH CRN 
concordance estimates

Methods

STUDY DESIGN
• Six board-certified, NASH-trained pathologists who underwent proficiency testing for 

NASH CRN scoring were allocated to 2 separate panels: Panel A (n=3) or Panel B (n=3)

• Digitized slides taken at baseline and at 18 months from 100 patients with NASH in the 
ongoing phase 3 REGENERATE study were evaluated (Figure 1)
‒ In Stage 1, each of 3 pathologists from a panel independently read 4 slides per patient (H&E 

+ Trichrome at baseline and Month 18; 400 slides total) to score fibrosis stage, inflammation, 
ballooning, and steatosis

‒ Slides for which all 3 pathologists in a panel were discordant in Stage 1 were marked for a 
Stage 2 joint read by all 3 pathologists in that panel

aEach reader was blinded to other readers’ scores.
bScoring was performed for fibrosis (range: 0–4), inflammation (range: 0–2), ballooning (range: 0–2), and steatosis 
(range: 0–3).6
cPanel was blinded to scores from Stage 1 read.

Figure 1. Flow Diagram for Methodology Study
NE, nonevaluable.
aDefined as agreement between ≥2 readers within a panel. The denominator for slides with agreement on independent 
read is based on the number of evaluable slides.

Figure 2. Concordance Ratesa for Each Parameter by Panel

Results

CONCORDANCE RATES
• Overall, high rates of concordance were achieved in Stage 1 for all parameters 

(Figure 2)
‒ Highest concordance occurred with steatosis (97%–99%), followed by fibrosis (91%–93%)
‒ Agreement rates for ballooning and inflammation were 88%–92% and 84%–91%, respectively

N, number of patients.
aDefined as agreement between ≥2 readers within a panel.
bValues represent highest intrapanel weighted Shrout-Fleiss kappa (lowest–highest).
cRanges from pairwise kappas from pairs within panel. 
dValues represent the average intrareader kappa.

Table 1. Concordancea and Pairwise Kappas for Each Parameter Within 
Each Panel and Historical NASH CRN Comparison

Variable
Panel Ab,c

(N=100)
Panel Bb,c

(N=100)
Kleiner 20056d

(N=32)
Fibrosis 0.75 (0.61–0.75) 0.71 (0.63–0.71) 0.85
Lobular inflammation 0.61 (0.23–0.61) 0.57 (0.38–0.57) 0.60
Ballooning 0.75 (0.25–0.75) 0.64 (0.44–0.64) 0.66
Steatosis 0.81 (0.69–0.81) 0.87 (0.79–0.87) 0.83

N, number of patients.
aAverage of pairwise kappas.
bPairwise kappas.
cRange based on 2 values from baseline and Week 72 slides. 
Results from the current analysis are based on nonmissing data.

Table 2. Comparison of Interpanel Kappa Score Results to Published 
Literature

INTERPANEL AGREEMENT
• Linear weighted kappa scores between panels A and B reveal concordance rates similar to

previously published values from NASH CRN studies (Table 2)

ClinicalTrials.gov: NCT02548351

Parameters

Shrout-Fleiss Weighted Kappa Cicchetti-Allison Weighted Kappa

Panel A 
vs B

(N=100)

Kleiner 
20197a

(N=446)

Kleiner 
20056a

(N=32)

Panel A 
vs B

(N=100)

Davison 
20208b

(N=339)

Newsome 
20219b,c

(N=320)

Fibrosis 0.82 0.75 0.84 0.71 0.48 0.61–0.65

Lobular 
inflammation 0.60 0.46 0.45 0.46 0.33 0.38–0.39

Ballooning 0.62 0.54 0.56 0.51 0.52 0.41–0.61

Steatosis 0.89 0.77 0.79 0.83 0.61 0.63–0.76

AGREEMENT BETWEEN MEDIAN VALUE AND JOINT READ
• Overall, 50% to 83% of scores obtained jointly in Stage 2 matched the median value 

obtained in Stage 1 (Table 3)
‒ Only 1 joint read was required for steatosis, the result of which did not match the median 

value from Stage 1

Denominators for percentage calculations are based on the number of slides that achieved consensus in the joint panel read.
N, number of slides.

Table 3. Percentage of Slides Reaching Consensus Following Stage 2 
Joint Panel Read That Agreed With Stage 1 Median Score

Panel A Panel B

Fibrosis

Consensus reached in Stage 2, n 18 12 

Panel consensus agreed with Stage 1 median score, n (%) 11 (61%) 6 (50%)

Inflammation

Consensus reached in Stage 2, n 18 30 

Panel consensus agreed with Stage 1 median score, n (%) 11 (61%) 19 (63%)

Ballooning

Consensus reached in Stage 2, n 23 16 

Panel consensus agreed with Stage 1 median score, n (%) 16 (70%) 8 (50%)

Steatosis

Consensus reached in Stage 2, n 6 1 

Panel consensus agreed with Stage 1 median score, n (%) 5 (83%) 0

Stage 2:
Joint Readc

Stage 1:
Independent Reada

Slide images read 
jointly by entire 

panel

Joint agreement 
reached on score for 
relevant parameter

Panel deems slide to 
be nonevaluable for 
relevant parameter

No value recorded
Consensus score 

recorded for 
relevant parameter

Consensus score 
recorded for 

relevant parameter

Yes

No

Yes

Each pathologist 
independently reads 

slide images to 
score NASH 
parametersb

Two of 3 
pathologists match 

on a score for 
relevant parameter

No

ASSESSMENTS AND ANALYSIS
• In Stage 1, if 2 of the 3 pathologists within a panel reported the same score (mode) for 

a given parameter on a slide, this was chosen as the consensus score
‒ If the pathologists were discordant, but a median value existed, the median score was 

recorded for the parameter; however, if ≥1 pathologist scored the image as nonevaluable, 
then no median score was recorded

• In Stage 2, a new score was determined based on joint read of each discordant 
parameter from Stage 1
‒ If the panel deemed the slide as nonevaluable, no consensus score was entered for the 

discordant parameter(s)

• Pairwise kappa scores were determined to assess concordance between readers within each 
panel (intrapanel agreement) and between the 2 separate panels (interpanel agreement)
‒ Kappa scores obtained in the current analysis were compared with previously published values6-9

INTRAPANEL AGREEMENT
• Calculated pairwise kappas from Stage 1 were highest for steatosis and lowest for 

inflammation (Table 1)
‒ Values were aligned with those from the initial NASH CRN scoring system development and 

validation study6
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