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Abstract

Background: Liver histopathologic assessment is the accepted surrogate

endpoint in NASH trials; however, the scoring of NASH Clinical Research

Network (CRN) histologic parameters is limited by intraobserver and

interobserver variability. We designed a consensus panel approach to

minimize variability when using this scoring system. We assessed

agreement between readers, estimated linear weighted kappas between 2

panels, compared them with published pairwise kappa estimates, and

addressed how agreement or disagreement might impact the precision and

validity of the surrogate efficacy endpoint in NASH trials.

Methods: Two panels, each comprising 3 liver fellowship-trained patholo-

gists who underwent NASH histology training, independently evaluated

scanned whole slide images, scoring fibrosis, inflammation, hepatocyte

Abbreviations: CRN, Clinical Research Network; FDA, US Food and Drug Administration; WSI, whole slide image.
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ballooning, and steatosis from baseline and month 18 biopsies for 100

patients from the precirrhotic NASH study REGENERATE. The consensus

score for each parameter was defined as agreement by ≥2 pathologists. If

consensus was not reached, all 3 pathologists read the slide jointly to ach-

ieve a consensus score.

Results: Between the 2 panels, the consensus was 97%–99% for steatosis,

91%–93% for fibrosis, 88%–92% for hepatocyte ballooning, and 84%–91%

for inflammation. Linear weighted kappa scores between panels were similar

to published NASH CRN values.

Conclusions: A panel of 3 trained pathologists independently scoring 4

NASH CRN histology parameters produced high consensus rates. Inter-

panel kappa values were comparable to NASH CRN metrics, supporting the

accuracy and reproducibility of this method. The high concordance for

fibrosis scoring was reassuring, as fibrosis is predictive of liver-specific

outcomes and all-cause mortality.

INTRODUCTION

Current regulatory guidance calls for liver histology
assessment as a composite of 4 parameters of NASH
(steatosis, inflammation, ballooned hepatocytes, and
fibrosis) for study entry and as a surrogate efficacy
endpoint in phase 2b and phase 3 clinical trials in
NASH.[1–4] The presence of steatohepatitis is critical for
diagnosing NASH and drives fibrogenesis; the fibrosis
stage determines clinical outcomes.[5] However, there are
known limitations to liver histology assessments, and the
subjectivity in liver histology interpretation, even among
expert pathologists, can lead to low inter-reader and intra-
reader concordance.[6–9] Furthermore, the composite
endpoints, as defined by regulatory guidance for NASH
clinical trials, require multiple criteria beyond the fibrosis
stage to be achieved simultaneously, and all 3 elements of
steatohepatitis are required to remain stable for a patient
with an improved fibrosis stage to be considered a
therapeutic responder.[1,2] Thus, clinical trial design and
power calculations based on these composite endpoints
may underestimate the true treatment effect.[4,7]

The NASHClinical Research Network (CRN) approach
is the most widely accepted, semiquantitative histology
scoring method supported by rigorous performance
data.[10] Despite different populations and vastly different
subject numbers, the weighted kappa scores for the
fibrosis stage and each of the Nonalcoholic Fatty Liver
Disease Activity Score parameters were remarkably
similar between 2 published NASH CRN studies.[10,11] In
both studies, the mean kappa scores were highest for
fibrosis stage (0.84 and 0.75) and steatosis (0.79 and
0.77) and lowest for lobular inflammation (0.45 and 0.46)
and ballooning (0.56 and 0.54).[10,11] We report a

consensus panel approach,[6] which provides a robust
method for achieving high concordance for fibrosis and
steatosis. However, the poor concordance for lobular
inflammation[7] and ballooning[5] can still have a significant
impact on the assessment of the primary endpoint for a
registrational trial; for example, a patient with a full stage of
fibrosis improvement is not considered a responder if
hepatocyte ballooning is worse than at the baseline
biopsy, even though the primary determinant of clinical
disease progression is the change in fibrosis over
time[12,13] and hepatocyte ballooning has not been
correlated with clinical outcomes.[14]

Many clinical trials in NASH have used a single-
reader approach, which can be subject to temporal bias
and intra-reader variability.[7] The use of 2 independent
readers has been recognized as suboptimal, with poor
inter-reader concordance observed across NASH
parameters.[7] The US Food and Drug Administration’s
(FDA) Division of Hepatology and Nutrition recently
published a manuscript and presented a webinar with
several suggestions to reduce the discordance in liver
histology interpretation,[6,15] including the following:

(1) A standardized procedure for processing biopsy
slides.

(2) Prespecified details of liver biopsy interpretation.
(3) Improvement in pathologists’ training both before

and during the study.
(4) Recommendation of a minimum of 2 pathologists,

with a third if there is disagreement; the same slide
is read by all pathologists.

Herein, we present a consensus panel methodology
aimed at following the FDA’s recommendations and
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generating data to support the original REGENERATE
results and interpretations. The method employs liver
fellowship–trained board-certified pathologists who
have undergone standardized proficiency testing spe-
cific to reading NASH CRN fibrosis stage and Non-
alcoholic Fatty Liver Disease Activity Score parameters.
The goal was to determine whether the interpanel and
intrapanel kappas from this analysis are comparable to
the published NASH CRN data.

METHODS

This was a methodology substudy of the ongoing
phase 3 REGENERATE trial of obeticholic acid in
precirrhotic NASH, with previously published
results.[16] REGENERATE is being conducted in
accordance with the principles of the Declaration of
Helsinki and Istanbul and the Good Clinical Practice
guidelines of the International Council for Harmoniza-
tion. All clinical sites participating in the trial obtained
approval from the institutional review board, and all
patients were provided with written informed consent
before enrollment in the trial. All selected study
pathologists were trained in the use of the Intercept
Central Histology Manual (including the predefined,
study-specific scoring criteria) to align with the NASH
CRN scoring system definitions, and harmonization
sessions consisting of representative and edge cases
were conducted by Murray B. Resnick. Steatosis was
scored on a 0-to-3 scale; lobular inflammation, 0–3;

hepatocyte ballooning, 0–2; and fibrosis staging, 0–4.
Pathologists were also trained to view and score
images using the vendor platform.[10]

Our proposed consensus panel methodology was
tested using 2 separate panels (panel A and panel B),
each with 3 pathologists who analyzed scanned whole
slide images (WSIs) from 100 subjects with liver fibrosis
due to NASH who had baseline and 18-month biopsies
from the REGENERATE study (ie, 200 biopsies total).
Subjects were randomly selected based on fibrosis stage
(F1, 16.67%; F2, 33.33%; F3, 50%) and treatment arm to
ensure representation across study treatment arms. The
scanned images were hosted on a dedicated online
platform (PathAI), which could be accessed simulta-
neously by multiple pathologists to allow for independent
reads. To ensure that the WSIs and the reading of the
images were of high quality, we used a rigorous process to
validate the glass-to-digital transition, including validation
of the WSI viewer by each pathologist with predefined
acceptance criteria. Simultaneous viewing of specific
WSIs was also used for joint panel reads when an
agreement between at least 2 of the 3 pathologists could
not be reached in phase 1 (Figure 1). The PathAI platform
was used only to view slide images and record scores; no
artificial intelligence tools were used to score or to assist in
scoring the WSIs. Each subject contributed 2 liver
biopsies, one at baseline and one at month 18, with 2
WSIs (hematoxylin/eosin to score steatosis, inflammation,
and hepatocyte ballooning grades, and trichrome to score
fibrosis stage) from each time point, for a total of 400WSIs
from 200 biopsies.

F IGURE 1 Flow diagram of slide histopathology assessment using proposed consensus panel 2-stage approach. Parameters assessed by
pathologists: fibrosis, lobular inflammation, ballooning, and steatosis. Abbreviation: NE, nonevaluable.
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In phase 1, all 3 pathologists from each of the 2 panels
read each subject’s slide images and entered the scores for
fibrosis stage, lobular inflammation, hepatocyte ballooning,
and steatosis into a database (Figure 1). Readers were
blinded to treatment assignment, time point, subject
identification, and each other’s reads. After all images had
been processed through phase 1, the scores for the 4
parameters from the 3 pathologists within a panel were
compared. For each parameter, if at least 2 of the 3
pathologists agreed on a score (ie, if consensus was
reached), it was deemed the consensus score. If
consensus was not reached, the slide was considered
discordant for that parameter.

Discordant slides were reevaluated in phase 2 (see
Figure 1) by a joint panel consisting of the same 3
pathologists who previously reviewed the slides. Only the
discordant parameter was rescored by the joint panel, and
all readers were blinded to prior reads. The 3 pathologists
from the joint panel convened virtually, and all WSIs
marked for phase 2 were read jointly by the panel. At this
stage, the following rules were applied for the WSIs:

� If the panel reached a consensus on a parameter that
was discordant in phase 1, that consensus score was
entered.

� If the panel could not reach a consensus following the
joint read, the slide was deemed not evaluable for the
discordant parameter(s), and no consensus score
was entered.

To compare the magnitude of agreement between the
2 panels (interpanel concordance), kappa scores were
determined using both the Shrout–Fleiss method[17] with a
2-way mixed model and the Cicchetti–Allison method.[18]

The Shrout-Fleiss methodology was employed to match

the Kleiner analysis.[10] The Cicchetti–Allisonmethodology
was employed to match the kappa scores published by
Davison et al.[7] Intrapanel concordance (ie, agreement
between at least 2 pathologists within a panel) was also
assessed for each parameter using the Shrout–Fleiss
methodology. To assess the extent to which the proposed
process was responsible for enhancing the panel’s
performance (vs. that of a single pathologist), kappas
were also calculated for all pairs among the 6 pathologists’
phase 1 independent reads.

RESULTS

Slide quality

Overall, ~5%–10% of the trichrome slides (for scoring
fibrosis stage) were deemed nonevaluable by at least
one pathologist, mostly due to stain color quality. For
hematoxylin/eosin slides (for scoring steatosis, inflam-
mation, and ballooning grades), the percentage of
nonevaluable slides for any parameter was <5% across
both panels.

Intrapanel agreement

Using the consensus panel approach, the fundamental
reader unit is the panel and not the individual
pathologists within a panel. Following blinded indepen-
dent reads by the pathologists, consensus between at
least 2 of the 3 pathologists within a panel was reached
in ~90% of slides at phase 1 (Figure 2) for each of the 4
parameters in both panels. In phase 1 (ie, independent
blinded read), steatosis had the highest agreement
rates across the 2 panels (range, 97%–99%) followed
by fibrosis stage (range, 91%–93%). The range of
agreement across the 2 panels was 88%–92% for
hepatocyte ballooning and 84%–91% for inflammation.
Examples of slides that went to the joint panel review
are shown in Supplemental Figure S1, http://links.lww.
com/HC9/A667. Panels allow for multiple chances for

TABLE 1 Concordance (agreement between ≥ 2 readers) and
pairwise kappas within panels

Methodology substudy

Parameter
Panel Aa

(N= 100)
Panel Ba

(N= 100)

Kleiner
et alb[10]

(N=32)

Fibrosis 0.61–0.75 0.63–0.71 0.85

Lobular
inflammation

0.23–0.61 0.38–0.57 0.60

Ballooning 0.25–0.75 0.44–0.64 0.66

Steatosis 0.69–0.81 0.79–0.87 0.83

aRanges from pairwise kappas from pairs within panel.
bValues represent the average intra-reader kappa.

F IGURE 2 Concordance within panels A and B at phase 1 of the
consensus panel approach. Denominator for slides with agreement on
independent read is based on the number of evaluable slides.
Abbreviation: NE, nonevaluable.
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agreement, and results from this study were generally
consistent with those of Kleiner et al (Table 1).[10]

Interpanel agreement

Kappa scores between the 2 panels for the 4 parameters
of interest are shown in Table 2, demonstrating high
concordance for fibrosis and steatosis and moderate
concordance for lobular inflammation and ballooning.
These kappa scores compared favorably with scores
from prior methodologies using both the Shrout–Fleiss
and Cicchetti–Allison approaches (Table 2). The
Cicchetti–Allison kappas between panels A and B were
comparable to those calculated by Davison et al.[7] More
importantly, the Shrout–Fleiss kappas between panels A
and B are similar to the NASH CRN benchmark for
fibrosis, hepatocyte ballooning, inflammation, and
steatosis.[10]

DISCUSSION

The complex analysis of NASH histopathology, with 2
stains and 4 categorically scored parameters grouped
in composite endpoints for the 2 major histologic
outcomes produces variability and likely underestimates
true therapeutic benefit.[6–9] Repeat biopsies for
response assessment have the potential for regression
to the mean to be seen as apparent fibrosis regression;
however, sampling and observer variability also con-
tribute to an observed placebo response in NASH
trials.[19] Sampling variability can be mitigated to some
extent by ensuring a sufficient number of portal tracts
and a sufficient length of biopsy specimen (eg, a
threshold of 25 mm), but it cannot be completely
avoided given the heterogeneity of the disease through-
out the liver.[19,20] Due to its inherent subjectivity, the
well-known variability in histopathology interpretation
across many disease states can be difficult to control,
even with targeted and iterative training. Efforts to
address this subjectivity have gained traction in recent

years to aid the clinical development of drugs targeting
NASH. Historical use of single readers in studies
simplified the process but raised questions about
accuracy and reproducibility. While more logistically
cumbersome than the single-reader approach, the
consensus panel approach may increase reproducibility
and decrease variability in histology scoring but does
not address the potential underestimation of the true
treatment effect associated with the NASH CRN ordinal
scoring system.

The original NASH CRN scoring system assessed
inter-reader agreement based on biopsies from 32 adult
subjects.[10] Scaling this process to a much larger
sample size (N=446) yielded similar values, notwith-
standing the slight decrease in the fibrosis kappa
score.[11] Despite this, the FDA suggested potential
solutions for increasing inter-reader and intra-reader
concordance, including using a central reading method
in which 2 pathologists read all slides independently
and then together if they did not match on a parameter,
with a third pathologist available as a tie-breaker.[15]

Using this method, the phase 2 study of semaglutide in
NASH by Newsome and colleagues (N=320) yielded
much smaller kappas. The 2 pathologists agreed on all
variables in only 24% of the assessments and on
individual components in 62%–75% of the assess-
ments, necessitating a consensus call to reach an
agreement[21] and further illustrating the challenges in
assessing a complex histology endpoint based on 4
parameters. Inter-reader and intra-reader variability was
also assessed in paired liver biopsy samples from the
EMMINENCE study in which digitized slides were read
independently by 3 histopathologists using the NASH
CRN scoring system. Inter-reader kappas demon-
strated lower reliability than those in NASH CRN.[7]

To find a suitable alternative consistent with the
published recommendations from the FDA,[6] we looked
to biopsy scoring methods that have been effectively
employed in other therapeutic areas. In oncology, a
successful approach has been implemented that uses 2
initial independent readers and a third tie-breaker
reader, with joint adjudication where necessary.[22] Our

TABLE 2 Comparison of interpanel concordance with published literature

Shrout–Fleiss weighted kappa Cicchetti–Allison weighted kappa

Parameter
Methodology substudy;
panels A vs. B (N= 100)

Kleiner et ala,[11]

(N= 446)

Kleiner
et ala,[10]

(N= 32)
Methodology substudy
panels A vs. B (N=100)

Davison
et alb,[7]

(N= 339)

Fibrosis 0.82 0.75 0.84 0.71 0.48

Lobular
inflammation

0.60 0.46 0.45 0.46 0.33

Ballooning 0.62 0.54 0.56 0.51 0.52

Steatosis 0.89 0.77 0.79 0.83 0.61

Methodology substudy results are based on nonmissing data.
aAverage of the pairwise kappas.
bPairwise kappas.
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proposed method was adapted from this approach, but
it was modified to address the inherent complexity of
scoring the histologic features of NASH. The use of 3
independent readers in phase 1 essentially fulfills the
role of having 2 readers and a tie-breaker because we
defined consensus as the agreement between at least 2
of the 3 readers, with digital assessment allowing for
efficient collection of the 3 independent reads, each with
4 scored parameters, in parallel. The fellowship-trained
liver pathologists in our study were selected based on
reported experience in reading liver biopsies and
underwent targeted training, harmonization sessions,
and proficiency testing. It is promising in that it
generated inter-reader concordance that has similar
kappas as the original NASH CRN assessments[10]

while also potentially mitigating bias or inaccuracies
from the use of a single central reader or 2 central
readers reading separate sets of samples.

We used 2 analytical methodologies to appropriately
compare our results with those of Kleiner et al and
Davison et al.[7,10,11] The values reported by Kleiner et al
using the Shrout–Fleiss method have generally been
considered the gold standard for concordance among
raters when using the NASH CRN scoring system.[10,11]

We used the Cicchetti–Allison method to compare our
results to those of Davison et al, as they were also
evaluating the reliability of NASH CRN scoring and the
effect of hepatopathologist interpretations on NASH
clinical trial endpoints.[7] While this method yielded
smaller kappas, the agreement between panels A and B
using the consensus panel method is comparable to or
higher than the Davison kappas and almost approaches
those of the NASH CRN expert panel reported by
Kleiner et al.[10,11]

Our high inter-reader and intra-reader agreement for
fibrosis and steatosis are consistent with the literature,
suggesting that it is easiest to obtain concordance on
these 2 parameters. Also consistent with the literature
are the lower inter-reader and intra-reader kappas we
observed for hepatocyte ballooning and inflammation,
as the grading of hepatocyte ballooning and lobular
inflammation are not well defined.[23] With all 4
components contributing to the assessment of a liver
biopsy for NASH diagnosis and as the primary endpoint
in NASH clinical trials, the variability of hepatocyte
ballooning assessments, in particular, remains a signif-
icant issue to be addressed. The use of precisely
defined and accepted criteria is recommended for
scoring of each histologic feature when designing
clinical trials.[23]

Despite the concordance achieved with our panel-
based approach, the method is not as efficient as a
single-reader process, and the risk of bias from a
dominant voice still exists for the small fraction of slides
that were reviewed in phase 2, although not to the
extent that is observed with only 2 pathologist readers.
In addition, using a joint panel over a tie-breaker

pathologist in the adjudication step for discordant reads
potentially sacrifices logistical efficiency and should be
studied to confirm the former’s advantages in NASH.
While several publications have reported the use of WSI
in liver biopsies and the results support noninferiority to
the use of glass slides, digital pathology methods are
likely to be affected by slide quality.[24,25] As such, the
evaluation of slide quality should be a routine part of
clinical trial reporting. In this analysis, ~5%–10% of
trichrome slides were regarded as nonevaluable, which
could impact the robustness of the results. This was
attributed, in part, to stain degradation over time and
should be addressable through earlier digitization for
future reads.

Although there is a range in the kappas between the
pairs within panels, the agreement rate between any 2
of 3 pathologists is high (~90%; Figure 2) for all 4
parameters during phase 1. Furthermore, based on
prior central pathologist reading data, it was observed
that even the best-trained and most experienced
pathologists might not perform equally well for all 4
parameters. For the proposed reading method, using a
panel of 3 pathologists allows for the specific skill set
(ie, high skill in reading a specific parameter) that is
common/strongest between any 2 of 3 pathologists to
drive the overall scoring of that parameter. This may
further help to explain why this proposed method yields
such high agreement. It should also be noted that the
current study involved a total of 6 pathologists, each
reading 400 slides; the high concordance rates
achieved in this study might not be reproducible when
WSIs are read over a longer time by a larger number of
pathologists in phase 3 clinical trials of NASH.

This substudy of REGENERATE also provided
additional qualitative insights that may further enhance
the performance of the consensus panel method in the
clinical trial setting (and other panel-based reader
protocols). Because pathology training focuses on
diagnoses rather than specific skills for quantitation,
as the NASH CRN methodology requires, providing
more specific definitions and targeted training of
pathologists in areas with high variability to support
precision in scoring may be useful. Specifically, clear
instructions on how inflammatory foci should be
separated, how many cells should define a focus,
distinctly defining terms such as few and many for
ballooning scores, and clarifying the inclusion of
droplets/microvesicles for steatosis scores would be
beneficial.

Regardless of the biopsy reading approach (ie, single
reader or consensus panel), the NASH CRN ordinal
rating scale may underestimate histologic improvements
and thus clinical benefits in NASH clinical trials due to the
broad range of disease included in each of the stages.
Incremental improvements in the width of the septa may
indicate significant regression of fibrosis[26,27] that is not
adequately captured by this scoring system. An
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alternative for fibrosis staging is the Ishak scoring
system, which categorizes fibrosis into 6 stages rather
than 4. While this system may provide more descriptive
and comprehensive information on fibrosis and increase
sensitivity, it also has limitations.[28] In a study investi-
gating interobserver agreement for categoric and quan-
titative scores of liver fibrosis, the kappas between any 2
pathologists ranged from 0.57 to 0.67 for Ishak staging
and from 0.47 to 0.57 for NASH CRN staging. The
authors also showed that categoric scores such as Ishak
or NASH CRN perform less well than quantitative
scores.[29] Noninvasive tests, such as transient elastog-
raphy, may also show improvements even in subjects
with no histologic change in fibrosis as measured by an
ordinal scale[30]; however, it should be noted that the
degree of change sufficient to judge a true response
using noninvasive tests has not yet been defined.

Because fibrosis is the strongest predictor of clinical
outcomes, including death and liver-related morbidity, it
is the primary surrogate outcome accepted by the FDA
as a marker for efficacy in NASH clinical trials.[15]

Reliable measures of fibrosis improvement are thus
critical for developing NASH treatments. Consistent with
previous findings, fibrosis staging had the highest
concordance rates among the pathologists in our study,
providing additional confidence in the antifibrotic effect
size estimates of our REGENERATE clinical trial of
obeticholic acid. Even with the improvements in
consistent scoring through a consensus panel method,
the NASH CRN nominal scoring system potentially
underestimates the benefit of an antifibrotic therapeutic.

CONCLUSIONS

Our consensus panel method for reading NASH biopsy
slides from an ongoing clinical study has an interob-
server agreement that is similar to that reported by the
NASH CRN pathologists considered the gold standard
in the field. This approach potentially mitigates variabil-
ity and provides an efficient and reliable method for
reading digitized slides that can increase confidence in
treatment effect sizes in clinical studies.
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