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Summary

Background: Patients with non-alcoholic steatohepatitis (NASH) and fibrosis stage
>2 comprise a target population for pharmacotherapy. Liver biopsy, the reference
standard for identifying this population, requires complete and accurate assessment
of steatohepatitis and fibrosis.

Aims: To investigate the completeness of real-world NASH-related pathology re-
ports, assess concordance between site pathologists and central expert interpre-
tation of the histologic elements of NASH, and determine concordance between
biopsy-diagnosed NASH and a pragmatic clinical definition of NASH.

Methods: Liver pathology reports from 222 patients across 38 TARGET-NASH sites
were analysed for documentation of the histologic features of NASH. Biopsy slides
were over-read by a blinded central expert pathologist. Concordance of histologic
scores and interpretation was assessed. Histologic concordance with a clinical defi-
nition of NASH was determined. TARGET-NASH clinically defined NASH: elevated
ALT, hepatic steatosis on biopsy or imaging and 21 of the following: BMI 230 kg/m?,
type 2 diabetes mellitus and dyslipidaemia.

Results: Documentation of steatosis, lobular inflammation, portal inflammation and
ballooning were missing from 21%, 35%, 46% and 40% of reports, respectively. There
was slight-to-fair concordance (weighted kappa 0.01-0.35) between site and central
pathologists for inflammatory features, and moderate concordance (weighted kappa
0.56-0.57) for fibrosis staging. Clinical definition of NASH was 75%-91% concordant
(94%-95% sensitive) with biopsy-diagnosed NASH.

Conclusions: There is substantial variability in reporting and grading NASH and fi-
brosis staging in clinical practice. This heterogeneity may adversely impact patient
assessment and translation of practice guidelines into reality. The TARGET-NASH
pragmatic clinical definition may serve as a valuable tool to accurately identify NASH

patients in clinical practice.

The Handling Editor for this article was Professor Grace Wong, and it was accepted for publication after full peer-review.
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1 | INTRODUCTION

The growing prevalence of non-alcoholic fatty liver disease (NAFLD)
contributes to the increasing burden of cirrhosis and need for liver
transplantation.? Those with non-alcoholic steatohepatitis (NASH)
comprise a subset of individuals with NAFLD who have a more ag-
gressive disease phenotype marked by inflammation and fibrosis
that is associated with increased morbidity and mortality.>® The
American Association for the Study of the Liver Diseases (AASLD)
practice guidelines recommend a biopsy to identify patients with
NASH and advanced fibrosis.® Liver biopsy interpretation requires
accurate, reliable and consistent reporting of the key components
that define NASH and fibrosis. As novel therapeutics continue to be
developed, the ability to accurately diagnose individuals is funda-
mental in identifying patients who may benefit from interventions
that may lead to a reduction or reversal in disease progression.

The general indications for performing liver biopsy in NAFLD/
NASH patients are to confirm or exclude the diagnosis of NASH and to
assess disease severity.7*8 Liver biopsy remains the reference standard
for diagnosing and assessing the histologic features of NASH, particu-
larly the reversible necroinflammatory components, and has been used
in drug development and clinical trials to enrol patients and assess dis-
ease response. These clinical trial biopsies are interpreted by central
expert pathologists.”** However, the utility of a liver biopsy in rou-
tine clinical practice is dependent on the accuracy and reliability of its
interpretation and whether or not all essential features are reported.
Indeed, in real-world clinical practice, there is a paucity of data regard-
ing the completeness and quality of liver pathology reports.

Since liver biopsies are invasive procedures that require post-
procedural monitoring, increase healthcare utilisation and may be
associated with serious complications, they are not scalable to the
population as a whole.*?*® The desire to avoid or limit the use of
invasive testing, as well as the need to be able to apply diagnostics to
a large population of patients, has led to research into non-invasive
tests (NIT) to diagnose and stage NASH.''° Such NITs have not yet
met regulatory approval. Thus, there is a critical unmet need for an
inexpensive, practical, non-invasive method for diagnosing and clin-
ically staging NASH.

Therefore, the aims of this study were to (a) describe the com-
pleteness of real-world histologic interpretation and reporting in pa-
tients who had liver biopsies to evaluate for NASH, (b) evaluate the
concordance of histologic interpretation of NASH-related pathology
slides between local pathologists and a central expert pathologist
and (c) assess the concordance between a pragmatic TARGET-NASH
clinical definition of NASH and a histologic determination of NASH.

2 | METHODS
2.1 | TARGET-NASH cohort

TARGET-NASH is an ongoing longitudinal, observational real-world

cohort that includes patients with NAFLD managed at academic and
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community hepatology, gastroenterology, and endocrinology prac-
tices in the United States (NCT02815891).2% The study is sponsored
by Target Real World Evidence (Target RWE), a company designed to
collect pragmatic clinical information from routine clinical practice and
provide phase 4 post-marketing surveillance of new medications where
applicable. Clinical information, including demographics, comorbidi-
ties, concomitant medications, laboratory results, pathology reports
and imaging data, is abstracted from the electronic medical records
for a period of up to 3 years prior to enrolment and for up to 5 years
prospectively, as previously described.'¢?° Institutional Review Board
Approval was obtained for each study site prior to enrolment and all

enrolled participants provided written informed consent.

2.2 | Study population

The current analysis includes adult patients enrolled in TARGET-NASH
between 8 November 2016 and 10 December 2020 with the following
characteristics: (a) age 18 years or older; (b) from United States sites;
(c) with a needle liver biopsy date on or after 1 January 2014 and (d)
a site pathologist overall interpretation of NAFLD, NASH or steato-
hepatitis. Patients with an inconclusive biopsy according to interpre-
tation by the central pathologist were excluded. Additionally, patients
were excluded if they had wedge biopsies, biopsies of a liver explant or
for whom a formal pathology report was unavailable for comparison.
Patients with comorbid non-NAFLD liver diseases (eg autoimmune

hepatitis and chronic hepatitis C) were also excluded.

2.3 | NAFLD definitions and severity

Patients enrolled in TARGET-NASH have been diagnosed with
NAFLD based on usual clinical practice by their treating physician.
Once enrolled into TARGET-NASH, patients are classified via biopsy
and/or clinical criteria as having non-alcoholic fatty liver (NAFL),
NASH or cirrhosis due to NAFLD as previously described.’*2° NASH
is defined by the presence of steatosis, ballooning and inflamma-
tion, with or without fibrosis, based on histologic interpretation.®
A pragmatic clinical diagnosis of NASH was created by a panel of
NASH experts and is based on an elevated ALT (>19 IU/L for women
and >30 IU/L for men), hepatic steatosis on biopsy or imaging and at
least one of the following: BMI 230 kg/mz, type 2 diabetes mellitus
(HbA1c >6.5% or identified by review of the patient's medical his-
tory) or dyslipidaemia (identified by review of the patient's medical
history).® Patients’ clinical information from +2 years of their liver
biopsy date was reviewed to determine whether or not they met cri-

teria for a clinical diagnosis of NASH.

2.4 | Pathology reports

Liver pathology reports from academic and community practices

were analysed by two readers (HPK and ASB) for documentation of
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steatosis, lobular inflammation, portal inflammation, hepatocyte bal-
looning and fibrosis stage. Disagreements were adjudicated. Specific
quantification of each histologic element was recorded using the
NAFLD activity score criteria (NAS).?! Additionally, an overall NASH
activity score according to a standardised scoring system (NAS or

Brunt grade) was recorded.?>%?

2.5 | Central read of digitised biopsy slides

Biopsy slides from 150 participants were scanned, digitised and
over-read by a blinded central expert pathologist. An overall inter-
pretation was made, including categories of definite NASH, possible
NASH and not NASH. Definite NASH was defined as the presence of
steatosis, lobular inflammation and unequivocal hepatocyte balloon-
ing. Possible NASH was included as a category for sensitivity analysis
given the heterogeneous distribution of NASH-related lesions and
the potential for sampling error that might lead to inaccurate diag-
nosis and staging.ls*23 Possible NASH required the presence of stea-
tosis, as well as lobular inflammation but no unequivocal ballooning.
In the presence of cirrhosis and absent inflammation and balloon-
ing, NASH was still considered possible if there was any amount of
steatosis. Not NASH was defined as the absence of steatosis and
hepatocyte ballooning. These definitions are summarised in Table 1.
For biopsy slides with a central interpretation of definite or possible
NASH, hepatic steatosis, lobular inflammation, portal inflammation,
hepatocyte ballooning and fibrosis stage were assessed. Each slide

was also assigned scores using the NAS and Brunt grade.???

2.6 | Statistical analysis

Descriptive statistics were reported for baseline characteristics for
all patients and by pathologist/biopsy read type, central vs the local
site pathologist. Continuous variables were summarised using the fre-
quency, median, minimum and maximum values. Categorical variables
were summarised using the frequency and the percentage relative to
those with non-missing values. Demographic information summarised
included age at enrolment, gender, race, ethnicity, pathologist type
(ie central vs site) and site type. Pathologist documentation of he-

patic steatosis, lobular inflammation, portal inflammation, hepatocyte
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ballooning, fibrosis and standardised NAFLD scoring systems, NAS
and Brunt grades were reported as percentages of the total num-
ber of pathology reports. Pathologists’ concordance for quantifying
steatosis, lobular inflammation, portal inflammation, hepatocyte bal-
looning and fibrosis, assessed using weighted kappa statistics, was
reported.?* The concordance between the central pathologist biopsy-
defined NASH and the TARGET-NASH clinical definition was sum-
marised using frequency counts and percentages. The sensitivity and
specificity of the TARGET-NASH clinical definition were calculated in
reference to the histologic definition as the reference standard. All

analyses were performed in sas, version 9.4, and JMP Pro.

3 | RESULTS
3.1 | Baseline characteristics

A total of 222 pathology reports representing unique individuals
from 38 TARGET-NASH sites were included and reviewed to assess
pathology report completeness when evaluating NASH (Figure 1,
Table 2). Of these, scanned pathology slides from 150 participants
enrolled across 13 TARGET-NASH sites were scanned and digit-
ised for interpretation by the central expert pathologist to evaluate
concordances of histologic interpretation between local and cen-
tral pathologists, and between a pragmatic TARGET-NASH clinical
definition of NASH and a histologic determination of NASH. These
pathology slides represented 150 unique patients with a median
age of 55 years (range 21-75), 63% female and 86% white; 75%
were interpreted at academic (ie academic teaching or university
affiliated hospital) sites and 25% at community (ie private practice)
sites. Available scanned liver biopsy slides that were centrally read
came from patients who were slightly younger (median age 55 vs
58 years), more frequently Hispanic (19% vs 10%) and were more
commonly interpreted at academic sites (75% vs 63%) as compared

to patients whose biopsies were not available for central read.

3.2 | Histologic reporting by local pathologists

Of the 222 pathology reports that were reviewed, documentation of

steatosis, lobular inflammation, portal inflammation and ballooning

TABLE 1 Histologic definitions of definite NASH, possible NASH and not NASH

Steatosis Ballooning Inflammation
Definite NASH Present, >5% Unequivocal hepatocellular Present
ballooning
Possible NASH without cirrhosis® Present, >5% Absent Lobular inflammation present

Possible NASH with cirrhosis®
Not NASH

Present, >5%

Absent, <5%

One may be present but not required

Absent

Absent or present from another aetiology

@Possible NASH without cirrhosis was present with >5% steatosis and the presence of lobular inflammation but no unequivocal ballooning.

PPossible NASH as the aetiology for cirrhosis was considered possible if only steatosis was present due to the possibility of “burnt out NASH” as

ballooning and inflammation may disappear with advanced disease.
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Biopsies
N=262 Remove 5 with inconclusive
1 biopsy
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Remove 72 without a scanned |
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FIGURE 1 Consortdiagram for centrally interpreted liver biopsies and concordance between biopsy-defined NASH versus clinically
defined NASH. Diagram reflects the selection of the population for this study based on data from the TARGET-NASH study. Liver biopsy
reports were obtained for participants from participating study sites; scans of biopsy slides were available for a subset of these biopsies
and were read by a central pathologist. Concordance between the central pathologist diagnosis and that based on the clinical definition was

assessed

were missing from 21%, 35%, 46% and 40% of reports respectively.
Grading of NASH was more commonly performed using the NAS
compared to the Brunt criteria; however, 55% of reports did not
include either of these validated grading scores. Fibrosis was fre-
quently reported with only 5% of reports missing a fibrosis score
and only 3% of reports missing any description of fibrosis (data not

shown).

3.3 | Concordance of histologic interpretation of
NASH features

Of the 150 biopsy slides that were centrally interpreted, there
was substantial discordance in the quantification of NASH com-
ponents and fibrosis staging by local vs central expert pathologists
(Table 3). Based on kappa scores, there was slight-to-fair concord-
ance (weighted kappa range 0.01-0.31) for steatosis, lobular in-

flammation, portal inflammation and hepatocyte ballooning. Fair

concordance was observed for overall assessment of disease using
the NAS (weighted kappa—0.35; 95% Cl 0.23, 0.46) and Brunt grad-
ing criteria (weighted kappa—0.34; 95% Cl 0.11, 0.58), and con-
cordance was moderate for fibrosis staging with a weighted kappa
statistic of 0.57 (95% Cl 0.48, 0.66). When limited to concordance
among biopsies with advanced fibrosis or cirrhosis (F 3-4), concord-
ance was substantial (weighted kappa—0.61 95% Cl 0.52, 0.71).

3.4 | Concordance of TARGET-NASH clinically
defined NASH vs biopsy-defined NASH

Of the 150 centrally interpreted biopsy slides, 103 (69%) were in-
terpreted as definite NASH, 23 (15%) possible NASH and 24 (16%)
not NASH according to histologic interpretation. The 23 biopsy
specimens that were judged to be only possible NASH based upon
central reading of the liver biopsy were all from patients who met

pre-established clinical criteria for NASH. Despite the presence of
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TABLE 2 Baseline characteristics for the study population and
stratified by biopsy read type

Centrally read
biopsy (N = 150)

Non-centrally read

Summary biopsy (N = 72)

Age at study entry (years)

Median (n) 55.0 (150) 57.5(72)
Min-Max 21.0-75.0 30.0-74.0
Gender, n (%)
n 150 72
Female 95 (63.3) 44 (61.1)
Male 55(36.7) 28 (38.9)
Race, n (%)
n 145 71
White 124 (85.5) 60 (84.5)
Black or African 11 (7.6) 3(4.2)
American
Asian 7 (4.8) 7(9.9)
Other 3(2.1) 1(1.4)
Not available 5 1
Ethnicity, n (%)
n 149 70
Hispanic or Latino 28(18.8) 7 (10.0)
Not Hispanic or 120 (80.5) 63(90.0)
Latino
Other 1(0.7)
Not available 1 2
Site type, n (%)
n 150 72
Academic 112 (74.7) 45 (62.5)
Community 38(25.3) 27 (37.5)
Pathology type, n (%)
n 150 72
Central 150 (100.0) —
Local — 72 (100.0)

several histological features of NASH including evidence of steato-
sis (23/23), portal and/or lobular inflammation (22/23) and fibrosis
(16/23), the absence of definitive ballooning in all of these specimens
precluded the histological definition of NASH (Table 4). Across the
study population, 31 patients had significant fibrosis (fibrosis stage
22) but no ballooning.

In 113 (75%) cases, there was concordance between the
TARGET-NASH clinical and histologic diagnoses, where 96 cases
were determined to represent NASH and 16 cases were determined
as not meeting criteria for NASH (Figure 1). The remaining 37 (25%)
patients included 31 patients with a clinical diagnosis of NASH but
without definite histologic NASH. However, 23 of these 31 cases
were classified as representing possible NASH by the central pa-
thologist. When categorising these cases as histologic NASH, the

concordance between clinical and biopsy-driven NASH diagnosis

KIM ET AL.

increased to 91%. Only 6 of the 150 patients (4%) with biopsy-
diagnosed NASH did not meet all the criteria for clinically defined
NASH due to the absence of obesity (BMI 230 mg/kg?), although all
were overweight (BMI 225 mg/kg?). Using the biopsy-defined defi-
nite NASH diagnosis as the reference standard, the clinical NASH
definition was 94% sensitive (95% Cl 87.8-97.8) and 34% specific
(95% Cl 20.9, 49.3). When defining biopsy-defined NASH as those
with definite or possible NASH, the sensitivity and specificity of the
clinical definition increased to 95% (95% Cl 89.9, 98.2) and 67% (95%
Cl 44.7, 84.4), respectively, with a positive predictive value of 94%

and a negative predictive value of 73% (Table 5).

4 | DISCUSSION

In this real-world observational cohort of patients with NAFLD,
there is substantial heterogeneity in the local histological reporting
of NASH with a large proportion of reports missing important de-
scriptors of NASH disease activity, as well as only slight-to-moderate
concordance between local and central pathologists when interpret-
ing specific features of NASH and stages of fibrosis. Of note, we also
found that the TARGET-NASH clinical definition of NASH was accu-
rate in identifying biopsy-defined NASH, as confirmed by a central
expert pathologist, in the vast majority of cases.

In the appropriate context, liver biopsy remains a necessary
step in staging the activity and severity of NASH and in excluding
or identifying comorbid liver diseases. While liver biopsy remains
the reference standard for assessing the histologic elements of
NASH, the utility of a liver biopsy is limited by its interpretation,
reporting and selection of who receives a liver biopsy.17 The de-
gree of heterogeneity and missing components in pathologic re-
porting observed in this study limits the value of these biopsies
in routine clinical care. Furthermore, the concordance for biopsy
interpretation was moderate at best. Useful reporting should
clearly document and quantify hepatic steatosis, lobular and portal
inflammation, hepatocyte ballooning and degree of fibrosis, with
the goal of accurately staging disease severity and being able to
differentiate between NAFL and NASH. When not all the diagnos-
tic criteria for NASH are reached, it is useful to underline in the
descriptive remarks of the histological report if there are elements
of steatosis and associated with ballooning or lobular inflamma-
tion or, due to possible sampling error, NASH cannot be entirely
excluded. A descriptive conclusion should be provided in these
cases. Recommendations for such reporting have recently been
put forth by the AASLD NASH Task Force, which was composed of
a multidisciplinary team of hepatologists and pathologists and un-
derscores the importance of these constituencies working closely
together.25 Such heterogeneity and lack of reliability in reporting
and interpretation may adversely impact patient assessment and
application of new NASH therapies. Utilising specific standardised
scoring mechanisms may improve concordance between pathol-
ogists’ interpretations and increase the utility of performing liver

biopsies, which are not without complications.
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TABLE 3 Kappa statistics for
concordance of histological interpretation
of NASH for central vs local read of

biopsies

Histological
characteristic

Steatosis

Lobular Inflammation

Portal inflammation

Hepatocyte ballooning

Fibrosis stage

NAFLD Activity Score

Brunt grade

(inflammation)

Brunt stage (fibrosis)

Number of pathology
reports compared

1

1

66
37
35
34
09
77
27

12

Abbreviation: NAFLD, non-alcoholic fatty liver disease.
2Concordance: 0-0.20 as slight; 0.21-0.40 as fair; 0.41-0.60 as moderate; 0.61-0.80 as substantial

and 0.81-1 as almost perfec

t24

Weighted Kappa
statistic (95% Cl)

0.31(0.15, 0.46)
0.01(-0.19,0.22)
0.18 (-0.05, 0.40)
0.20(0.02, 0.38)
0.56 (0.46, 0.65)
0.35(0.23,0.46)
0.34(0.11,0.58)

0.57(0.48, 0.66)

TABLE 4 Histological and clinical characteristics of patients with possible NASH by central pathologist

Subject

VO 00N O A WN e

N NN PR R R R R R ) B Ry
N B O Vv 0 N o0 i A W N B O

23

Histologic features of NASH

Clinical features of NASH
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Concordance
interpretation®

Fair

Slight
Slight
Slight
Moderate
Fair

Fair

Moderate

Steatosis

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Ballooning

No

Inflammation
Portal Lobular
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
No Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
No Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes Yes

Fibrosis

Yes
No

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

@Adults: ALT > 19 U/L for female and >30 U/L for male at any time.
The presence of type 2 diabetes was defined by HbA1c >6.5% or medical history; dyslipidaemia identified by review of the patient's medical history.

Another important limitation of performing liver biopsies is re-

lated to the heterogeneous or uneven distribution of NASH-related

lesions throughout the liver parenchyma.'>?® Therefore, even in the

Steatosis

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Elevated ALT*

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

BMI 230 kg/m?
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Diabetes
and/or

dyslipidaemia®

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
No
Yes

Yes

presence of optimal histologic interpretation and reporting, liver bi-
opsies are subject to sampling error that can lead to inaccurate diag-

noses and disease staging. According to our histologic definitions of
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Sensitivity Specificity
Biopsy-defined NASH (95% ClI) (95% ClI)
Definite NASH 94.2 (87.8, 34.0(20.9,

97.8) 49.3)
Definite or possible NASH 95.2 (89.9, 66.7 (44.7,

98.2) 84.4)

KIM ET AL.

TABLE 5 Sensitivity and specificity of
the TARGET-NASH clinical definition of

PPV NPV

NASH according to biopsy-defined NASH
75.8 72.7 categories
93.8 72.7

Abbreviations: NASH, non-alcoholic steatohepatitis; NPV, negative predictive value; PPV, positive

predictive value.

NASH, slides were determined to represent definite NASH, possible
NASH and not NASH. All cases of possible NASH were related to the
absence of unequivocal hepatocyte ballooning. In the correct clinical
context, therefore, it is reasonable to conclude that these cases rep-
resent true NASH. This additional limitation of liver biopsies brings
into question the role of liver biopsy in NAFLD and contributes to
our understanding that the utility of liver biopsies for clinical deci-
sion making in the real world may not be practical.

In light of the current limitations of liver biopsy and histologic
interpretation, one important unmet need is a pragmatic and accu-
rate clinical definition for the diagnosis of NASH. With the growing
prevalence of NAFLD, it has become increasingly important to be able
to screen for and diagnose NASH early, ideally using non-invasive
methods with clinical information that is readily available. As an ob-
servational cohort, TARGET-NASH developed a clinical definition of
NASH with such pragmatism in mind, only requiring information that
is available as part of routine care. This is in contrast to studies that
have evaluated, or are evaluating, specific biomarkers to identify that
NASH that include variables that are not routinely measured.** Using
a biopsy interpretation for definite NASH, the TARGET-NASH clinical
diagnosis was able to detect 94% of NASH cases as interpreted by a
central expert pathologist. The performance of the TARGET-NASH
clinical definition improved when including cases of biopsy-defined
possible NASH in the reference standard, with favourable operating
characteristics that would not only allow for the detection of cases
but also reasonably rule them out, as well. The high sensitivity we ob-
served is essential when using a tool or test to screen for a disease.

There are some limitations of the current study that must be ac-
knowledged. In evaluating the TARGET-NASH clinical definition of
NASH, we were only able to assess for concordance between a clin-
ical diagnosis and a biopsy-defined diagnosis rather than validating
the clinical definition. A validation study would require large cohorts
of individuals with and without clinical NASH to undergo liver biop-
sies, something that is beyond the scope of what is possible through
the TARGET-NASH cohort. Another possible limitation is that the
subset of slides available for central interpretation represented only
13 of the original 38 sites and more often came from academic sites.
If there is a difference in the histologic reporting between academic
vs community sites, then the assessment of concordance of histo-
logic interpretation may be subject to bias. Further limitations in-
clude missing data such as pathology reports that were unavailable
for comparison and race/ethnicity descriptors that were unavailable

in two patients.

This study highlights important and relevant limitations of liver
biopsy interpretation and reporting in the real-world clinical setting.
As liver biopsy currently remains the reference standard for diagnos-
ing and staging NASH, major efforts must be made to improve the
comprehensiveness and consistent reporting of histologic findings
to improve the utility of biopsies in patient assessment and man-
agement. Additionally, this study importantly demonstrates that
a pragmatic clinical definition of NASH can be used to accurately
identify individuals who may require more aggressive management
and benefit from future therapeutics. This clinical NASH definition
developed by TARGET-NASH warrants further investigation in fu-
ture validation studies.

ACKNOWLEDGEMENT

TARGET-NASH Investigators are listed in Appendix 1. The authors
would like to acknowledge Jonathan Durlam, Target RWE, for op-
erational assistance related to obtaining the scanned biopsy images
for analysis.

Declaration of personal interests: MOI is a consultant for Target
RWE. ARM and AGA are employees of Target RWE. MR has served
on scientific advisory boards or received speaker’s honoraria for
Allergan, Boehringer-Ingelheim Pharma, Bristol-Myers Squibb, Eli
Lilly, Fishawack Group, Gilead Sciences, Novartis Pharma, Intercept
Pharma, Inventiva, Novo Nordisk, Target NASH. He is also a consul-
tant for Terra Firma and has been involved with clinical trial research
for Boehringer Ingelheim, Danone Nutricia Research and Sanofi-
Aventis. ASL has research grants from BMS, Gilead, and Target RWE.
She is also an advisor/and consultant for BMS and Target RWE, and
serves on the DSMB of Novo Nordisk. MWF is Chief Medical Officer
for TARGET RWE and receives personal fees and is a stockholder
in the company. AJS is President of Sanyal Biotechnology and has
stock options in Genfit, Akarna, Tiziana, Indalo, Durect Inversago
and Galmed. He has served as a consultant to Astra Zeneca, NGM
Bio, Conatus, Salix, Tobira, Takeda, Jannsen, Gilead, Terns, Birdrock,
89 Bio, Siemens, Amgen, Regeneron, Alnylam, Genentech, Roche,
Merck, Valeant, Boehringer-Ingelheim, Bristol Myers Squibb, Lilly,
Hemoshear, Zafgen, Novartis, Novo Nordisk, Pfizer, Exhalenz and
Genfit. He has been an unpaid consultant to Intercept, Echosens,
Immuron, Galectin, Fractyl, Zydus, Nordic Bioscience, Albireo,
Prosciento, Surrozen. His institution has received grant support from
Gilead, Salix, Tobira, Bristol Myers, Shire, Intercept, Merck, Astra
Zeneca, Pfizer, Novo Nordisk, Boehringer Ingelhiem, Malinckrodt,

Cumberland and Novartis. He receives royalties from Elsevier and



KIM ET AL.

UptoDate. ASB is a consultant for Target RWE, Pfizer Inc, and Novo
Nordisk. All other authors declare that they have no conflicts of in-
terest to disclose.

AUTHORSHIP
Guarantor of the article: A. Sidney Barritt IV.

Author contributions: HPK, MOI, ARM, AGA, MWF, AJS and
ASB contributed to the design of the study and original draft; HPK,
AGA and ASB contributed to data curation. All authors (HPK, MOI,
ARM, AGA, MR, PN, ASL, PT, JT, MWF, AJS and ASB) contributed
to the interpretation of the data, critically reviewed and edited the
manuscript and approved the final draft for submission. AGA was
responsible for the analysis, in addition to methodology, validation
and visualisation of the data.

DATA AVAILABILITY STATEMENT

Author elects to not share data.

ORCID

Andrea R. Mospan https://orcid.org/0000-0002-3419-8276

Paul J. Thuluvath https://orcid.org/0000-0002-4374-4507
Arun J. Sanyal https://orcid.org/0000-0001-8682-5748
A. Sidney Barritt IV https://orcid.org/0000-0002-4200-3256

REFERENCES

1. Lazo M, Hernaez R, Eberhardt MS, et al. Prevalence of nonalcoholic
fatty liver disease in the United States: the third national health
and nutrition examination survey, 1988-1994. Am J Epidemiol.
2013;178:38-45.

2. Rinella ME. Nonalcoholic fatty liver disease a systematic review. J
Am Med Assoc. 2015;313:2263-2273.

3. Dulai PS, Singh S, Patel J, et al. Increased risk of mortality by fibro-
sis stage in nonalcoholic fatty liver disease: systematic review and
meta-analysis. Hepatology. 2017;65:1557-1565.

4. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer
M. Global epidemiology of nonalcoholic fatty liver disease—meta-
analytic assessment of prevalence, incidence, and outcomes.
Hepatology. 2016;64:73-84.

5. Younossi Z, Henry L. Contribution of alcoholic and nonalcoholic
fatty liver disease to the burden of liver-related morbidity and mor-
tality. Gastroenterology. 2016;150:1778-1785.

6. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and manage-
ment of nonalcoholic fatty liver disease: practice guidance from the
American Association for the Study of Liver Diseases. Hepatology.
2018;67:328-357.

7. Cataldo |, Sarcognato S, Sacchi D, et al. Pathology of non-alcoholic
fatty liver disease. Pathologica. 2021;113:194-202.

8. Kobyliak N, Abenavoli L. The role of liver biopsy to assess non-
alcoholic fatty liver disease. Rev Recent Clin Trials. 2015;9:159-169.

9. Rinella ME, Tacke F, Sanyal AJ, Anstee QM. Report on the AASLD/
EASL joint workshop on clinical trial endpoints in NAFLD. J Hepatol.
2019;71:823-833.

10. Cheung A, Neuschwander-Tetri BA, Kleiner DE, et al. Defining
improvement in nonalcoholic steatohepatitis for treatment trial
endpoints: recommendations from the liver forum. Hepatology.
2019;70:1841-1855.

11. Sanyal AJ, Brunt EM, Kleiner DE, et al. Endpoints and clini-
cal trial design for nonalcoholic steatohepatitis. Hepatology.
2011;54:344-353.

1479
APGT Alimentary Pharmacology & Therapeutics —W | LEYJ—

12. Kalambokis G, Manousou P, Vibhakorn S, et al. Transjugular liver
biopsy - indications, adequacy, quality of specimens, and complica-
tions - a systematic review. J Hepatol. 2007;47:284-292.

13. Myers RP, Fong A, Shaheen AAM. Utilization rates, complications
and costs of percutaneous liver biopsy: a population-based study
including 4275 biopsies. Liver Int. 2008;28:705-712.

14. Piazzolla VA, Mangia A. Noninvasive diagnosis of NAFLD and
NASH. Cells. 2020;9:1005.

15. Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment
of liver disease in patients with nonalcoholic fatty liver disease.
Gastroenterology. 2019;156:1264-1281.e4.

16. Barritt AS, Gitlin N, Klein S, et al. Design and rationale for a real-
world observational cohort of patients with nonalcoholic fatty
liver disease: the TARGET-NASH study. Contemp Clin Trials.
2017;61:33-38.

17. Barritt AS, Watkins S, Gitlin N, et al. Patient determinants for histo-
logic diagnosis of nonalcoholic fatty liver disease in the real world:
a TARGET-NASH study. Hepatol Commun. 2021;5:938-946.

18. Malespin MH, Barritt AS, Watkins SE, et al. Weight loss and weight
regain in usual clinical practice: results from the TARGET-NASH
observational cohort. Clin Gastroenterol Hepatol 2021;51542-
3565(21)00073-2. Online ahead of print.

19. Moon AM, Watkins SE, Lok AS, et al. Opioid use is more common
in non-alcoholic fatty liver disease patients with cirrhosis, higher
body mass index and psychiatric disease. Dig Dis. 2020;39:247-257.
Online ahead of print.

20. Weinberg EM, Trinh HN, Firpi RJ, et al. Lean Americans with nonal-
coholic fatty liver disease have lower rates of cirrhosis and comor-
bid diseases. Clin Gastroenterol Hepatol. 2021;19:996-1008.e6.

21. Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of
a histological scoring system for nonalcoholic fatty liver disease.
Hepatology. 2005;41:1313-1321.

22. Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA,
Bacon BR. Nonalcoholic steatohepatitis: a proposal for grad-
ing and staging the histological lesions. Am J Gastroenterol.
1999;94:2467-2474.

23. Ratziu V, Charlotte F, Heurtier A, et al. Sampling variability of
liver biopsy in nonalcoholic fatty liver disease. Gastroenterology.
2005;128:1898-1906.

24. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159-174.

25. Brunt EM, Kleiner DE, Carpenter DH, et al. Nonalcoholic fatty liver
disease: reporting histologic findings in clinical practice. Hepatology.
2021;73:2028-2038.

How to cite this article: Kim HP, Idowu MO, Mospan AR,

et al; TARGET-NASH Investigators. Liver biopsy in the real
world—reporting, expert concordance and correlation with a
pragmatic clinical diagnosis. Aliment Pharmacol Ther.
2021;54:1472-1480. doi:10.1111/apt. 16674

APPENDIX 1

TARGET-NASH Investigators

Manal Abdelmalek (Duke/Durham, NC), Humberto Aguilar
(Louisiana Research Center/Shreveport, LA), Aijaz Ahmed
(Stanford University/Palo Alto, CA), Alina Allen (Mayo Clinic/
Rochester, MN), Sarah Barlow (UT Southwestern Children's
Health/Dallas, TX), Sid Barritt (University of North Carolina


https://orcid.org/0000-0002-3419-8276
https://orcid.org/0000-0002-3419-8276
https://orcid.org/0000-0002-4374-4507
https://orcid.org/0000-0002-4374-4507
https://orcid.org/0000-0001-8682-5748
https://orcid.org/0000-0001-8682-5748
https://orcid.org/0000-0002-4200-3256
https://orcid.org/0000-0002-4200-3256
https://doi.org/10.1111/apt.16674

1480
—I—W] L.E Y- AP:T Alimentary Pharmacology & Therapeutics

Chapel Hill/Chapel Hill, NC), David Bernstein (Northwell
Health/Manhasset, NY), Kaylan Bhamidimarri (University of
Miami/Miami, FL), Liana Billings (Northshore University Health
System/Skokie, IL), Kyle Brown (University of lowa Hospitals
and Clinics/lowa City, IA), Robert Brown (Weill Cornell
Medical College/New York, NY), Karen Corbin (Advent Health
Diabetes Institute/Orlando, FL), Kenneth Cusi (University
of Florida Health Division of Endocrinology/Gainsville, FL),
Andrew deLemos (Center for Liver Disease and Transplant at
CMC/Charlotte, NC), Karan Emerick (Connecticut Children's
Hospital/Hartford, CT), Roberto Firpi-Morell (University of
Florida Hepatology Research/Gainsville, FL), Maged Adel Ghali
(University of Florida—Jacksonville/Jacksonville, FL), Zachary
Henry (University of Virginia/Charlottesville, VA), Whitney
Jackson (University of Colorado/Aurora, CO), Sujit Janardhan
(Rush University Medical Center/Chicago, IL), Mohammad
Kabbany (Cleveland Clinic Children's/Cleveland, OH), Nyingi
Kemmer (Tampa General Medical Group/Tampa, FL), David Koch
(MUSC/Charleston, SC), Justin Kupec (West Virginia University/
Morgantown, WV), Charles Landis (Harborview Medical Center/
Seattle, WA), Mary Katherine Lawrence (Carteret Medical
Center/Morehead City, NC), Cynthia Levy (Schiff Center for
Liver Disease—University of Miami/Miami, FL), Steven Lidofsky
(University of Vermont Medical Center/Burlington, VT), Anna
Lok (University of Michigan/Ann Arbor, Ml), Velimir Luketic
(Virginia Commonwealth University/Richmond, VA), Enrique
Martinez (Atlanta Gastro/Atlanta, GA), Craig McClain (University
(UPMC

of Louisville/Louisville, KY), Patrick McKiernan

KIM ET AL.

Children's Hospital of Pittsburgh/Pittsburgh, PA), Ellen Mitchell
(St. Christopher's Hospital for Children/Philadelphia, PA),
Mazen Noureddin (California Liver Research Institute/Pasadena,
CA), Sirish Palle (University of Oklahoma/Oklahoma City, OK),
Yen Pham (Baylor College of Medicine/Houston, TX), David
Pound (Indianapolis Gastroenterology Research Foundation/
Indianapolis, IN), Rajender Reddy (University of Pennsylvania/
Philadelphia, PA), Fredric Regenstein (Tulane/New Orleans,
LA), Mary Rinella (Northwestern University/Chicago, IL), Fedja
Rochling (University of Nebraska Medical Center/Omaha, NE),
Bryan Rudolph (Children's Hospital at Montefiore/Bronx, NY),
Vinod Rustgi (Rutgers, Robert Wood Johnson Medical School/
New Brunswick, NJ), Adnan Said (University of Wisconsin
Madison/Madison, WI), Niharika Samala (Indiana University/
Indianapolis, IN), Souvik Sarkar (University of California Davis/
Sacramento, CA), Kenneth Sherman (University of Cincinnati
Health LLC/Cincinnati, OH), Mitchell Shiffman (Bon Secours
Liver Institute of Virginia—MIH/Richmond, VA), Coleman Smith
(Georgetown University, Medstar/Washington DC), Jawahar
Taunk (Advance Gastroenterology Associates, LLC/Palm Harbor,
FL), Brent Tetri(St. Louis University/St. Louis, MO), Paul Thuluvath
(Mercy Medical Center/Baltimore, MD), Huy Trinh (Silicon Valley
Research Institute/San Jose, CA), Elizabeth Verna (Columbia
University Medical Center/New York, NY), Miriam Vos (Emory/
Atlanta, GA), L. Michael Weiss (Gastro Florida/Clearwater, FL),
Mark Wong (Banner University Medical Center/Phoenix, AZ),
Kathleen Wyne (Ohio State University/Columbus, OH), Stavra
Xanthakos (Cincinnati Children's Hospital/Cincinnati, OH).



