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coreNASH: Multi- stakeholder Consensus 
on Core Outcomes for Decision Making 
About Nonalcoholic Steatohepatitis 
Treatment
Elizabeth Clearfield ,1 Veronica Miller,2 Joseph Nadglowski,3 Katherine Barradas ,2 Jennifer Al Naber ,1 Arun J. Sanyal,4 
Brent A. Neuschwander- Tetri ,5  and Donna A. Messner1, on behalf of the coreNASH Panel

The increasing prevalence and burden of nonalcoholic steatohepatitis (NASH) has spurred the development of new 
treatments and a need to consider outcomes used for NASH treatment decision making. Development of a NASH 
core outcome set (COS) can help prioritize outcomes of highest importance by incorporating the perspectives from a 
variety of decision makers. coreNASH was an initiative to develop a COS for NASH using a modified Delphi con-
sensus process with a multi- stakeholder voting panel. A candidate outcome list was created based on a literature review 
and key informant interviews. The candidate outcome list was then condensed and prioritized through three rounds of 
online voting and through discussion at an in- person meeting. Outcomes were retained or eliminated based on prede-
termined consensus criteria, which included special weighting of patients’ opinions in the first two voting rounds. The 
coreNASH Delphi panel included 53 participants (7 patients, 10 clinicians and researchers, 7 health technology asses-
sors, 22 industry representatives, 2 regulators, and 5 payers) who considered outcomes for two NASH- related COS: 
one for NASH without cirrhosis (F2- F3) and one for NASH with cirrhosis (F4). The initial candidate outcome list 
for both disease stages included 86 outcomes. The panel agreed on including two core outcomes for NASH without 
cirrhosis and nine core outcomes for NASH with cirrhosis in the COS. Conclusion: A consensus- based COS has been 
developed that can be used across the life cycle of NASH treatments. Outcomes included can contribute to decision 
making for regulatory, market access, and on- market decision making. Including the coreNASH COS in clinical de-
velopment programs will facilitate improved comparisons and help decision makers assess the value of new products. 
(Hepatology Communications 2021;5:774-785).

Nonalcoholic steatohepatitis (NASH) is a 
progressive type of nonalcoholic fatty liver 
disease (NAFLD) characterized by inflam-

mation and liver injury associated with the accumu-
lation of fat in the liver. In the United States, the 

estimated population of patients with NASH in 2015 
was 16.52 million; by 2030, the prevalence of people 
with NASH is expected to increase to about 27 mil-
lion.(1) The rise in the prevalence of NASH is cor-
related with the obesity epidemic,(2) and NASH is 
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expected to soon become the leading indication for 
liver transplant.(3) Complications of NASH include 
chronic inflammation and fibrosis that can progress to 
cirrhosis, liver failure, cancer, and death.(4,5)

There are currently no approved pharmacologic 
therapies for NASH; the increasing burden of NASH 
and corresponding lack of effective therapies has 
spurred the development of many new treatments.(6,7) 
New drug candidates in the pipeline aim to block or 
reverse the metabolic perturbations, cell injury, and 
inflammatory and fibrogenic pathways that are active 
during disease progression.(8- 14) With a new genera-
tion of possible breakthrough therapies for NASH in 
development and the very large population of patients 
who may be eligible for treatment, significant atten-
tion is being directed to regulatory oversight of these 
products. Case definitions,(15) baseline parameters,(16) 
and endpoints(17) for clinical trials have been recom-
mended and concentrate on the regulatory perspective. 
Draft guidance has been issued by regulatory agen-
cies providing direction on outcomes of interest for 

regulatory decisions.(18- 20) Phase 3 trials are ongoing 
or providing readout. Because of the potential for new 
treatments to affect disease management, we are at 
a key juncture to document opinions about outcome 
priorities from a diverse group of stakeholders who 
soon may use or make decisions about using these 
new treatments. It will be important to understand 
how these treatments will be evaluated by payers, 
health technology assessment (HTA) organizations, 
and other “postregulatory” decision makers.

The objective of the coreNASH initiative was to 
develop a core outcome set (COS) for use in trials of 
new treatments for NASH. A COS is a minimum set 
of outcomes that should be measured and reported 
in all clinical trials of a specific condition.(21) core-
NASH used a multi- stakeholder Delphi consensus 
process, bringing together patients, clinicians, regu-
lators, payers, health technology assessors, research-
ers, and drug developers to determine a core set of 
outcomes to be recommended. The outcomes in the 
COS measure and differentiate the effectiveness and 
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value of therapy from the perspective of a variety of 
stakeholders involved; the perspective of patients, 
health care providers, and payers/HTA agencies was 
highlighted.

Participants and Methods
The Core Outcomes Measures in Effectiveness Trials 

(COMET) Initiative’s Core Outcome Set- Standards 
for Development (COS- STAD) recommendations 
were followed for the development and implemen-
tation of this study.(22) This project was registered in 
COMET’s database of COS projects (COMET regis-
tration number 1150).

paRtiCipants
A multi- stakeholder group from North America and 

Europe was invited to participate, and participants were 
categorized into patients/patient advocates, clinicians/
researchers, U.S. payers, health technology assessors, 
industry representatives, or regulators. Participating 
patients and patient advocates represented a variety of 
levels of NAFLD disease severity. Diagnoses ranged 
from nonalcoholic fatty liver through NASH and 
NASH cirrhosis, a patient who had previously received 
a liver transplant due to another liver condition, and 
patient advocates representing patient organizations 
serving patients across the spectrum of liver disease. 
We sought a balanced stakeholder group. Each spon-
soring life science company working on a NASH prod-
uct was allocated two votes in the Delphi; however, the 
total number of industry votes was less than the total 

number of votes from nonindustry participants. The 2 
participants from each company generally included 1 
person from the clinical development side and another 
involved in market access; as these stakeholders rep-
resent different time points in the life cycle of a new 
product, they may also have differing opinions about 
which outcomes should be included in a COS.

iDentiFiCation oF outComes
A list of candidate outcomes for the COS was 

developed from a targeted literature review and key 
informant interviews. Three sources were searched for 
relevant publications: 1) clinical trial records on clini-
caltrials.gov, of which completed trials were matched 
to the corresponding published journal article; 2) the 
journal Hepatology for additional relevant articles dis-
cussing NASH outcomes; and 3) Cochrane Reviews 
on NAFLD and NASH identified in the Cochrane 
Library. The outcomes from each included study were 
abstracted as described in Table 1. Whenever possible, 
clinicaltrials.gov records were linked to a published man-
uscript (through national clinical trial [NCT] registra-
tion number). The literature review was used to compile 
a list of outcomes that are already in use in liver disease 
trials. Key informant interviews served as a comple-
ment to the targeted review to ensure that the candidate 
outcome list also reflected outcomes elicited from each 
interviewee’s personal knowledge about and experience 
with NASH and to understand specific stakeholder 
perspectives and priorities regarding the most important 
outcomes to measure as treatments for NASH become 
available. Outcomes were grouped by domain according 
to COMET naming taxonomy guidance.(23)

taBle 1. taRgeteD liteRatuRe seaRCH aBstRaCtion plan

Source Time Frame for Search Search Term Outcomes Reviewed

clinicaltrials.gov Records first posted in 
the previous 5 years 
(06/01/2013- 
06/13/2018)

NASH -  nonalcoholic steatohepatitis From the trial record*:
• current primary outcome measures
• current secondary outcome measures
• current other outcome measures

Published journal 
articles

Previous 5 years of 
archives of the journal 
Hepatology

N/A; hand search of all titles to identify 
reports of clinical trials and other 
relevant articles

1. Outcomes reported in the Methods section.
2. Outcomes reported in the Results section (if 

required).

Cochrane Reviews All available NASH, NAFLD Primary and secondary outcomes reported in the 
Methods section.

*Data elements required by the International Committee of Medical Journal Editors and the World Health Organization International 
Clinical Trials Registry Platform.
Abbreviation: Not applicable.
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DelpHi Voting
A modified Delphi consensus process was used to 

condense and prioritize outcomes on the candidate 
list. The list was reduced over three rounds of online 
voting using Qualtrics software. Definitions were pro-
vided, and participants rated each outcome on a scale 
of 1- 9, where a score of 1- 3 indicates that the outcome 
is not important to include in the COS, a score of 4- 6 
indicates that an outcome is important but not critical 
to include in the COS, and a score of 7- 9 indicates 
that an outcome is critical to include in the COS.(24) 
Each outcome was rated twice: voters were first asked 
to consider the outcomes’ importance in a core set for 
trials of treatments for NASH without cirrhosis (fibro-
sis stage F2- F3), and then the voters were asked to 
consider the outcomes’ importance in a core set for tri-
als of treatments for NASH with cirrhosis (F4). In the 
first round of voting, participants could suggest addi-
tional outcomes they felt should be added to the list. 
Suggestions were reviewed by the project team and, if 
relevant clinically or for patient quality of life and not 
overlapping with already included outcome concepts, 
added to the candidate list for the next round.

The list of outcomes was reduced according to pre-
determined consensus criteria (Table 2). Outcomes were 
eliminated from consideration if <70% of voters rated 
the outcome from 7 to 9, unless the patient stakeholder 
group average score was 7 or higher. This consensus cri-
teria was developed based on recommendations in the 
COMET handbook,(25) in particular, the 70% thresh-
old to retain, but the “patient- important” consideration 
was a special provision we added to ensure that patient- 
important and patient- reported outcomes were thor-
oughly considered. For the final round of voting, the 
patient- important criterion was dropped and the out-
come had to reach high consensus to be included in the 
COS. After each voting round, participants were given 
a summary table containing for each outcome the mean 

overall score for all voters and the mean scores by stake-
holder group. In Delphi rounds 2 and 3, participants 
were reminded of the score they personally selected in 
the previous round for each outcome plus an indication 
as to whether their selection was higher or lower than 
the mean scores for their stakeholder group.

Consensus meeting
Between Delphi rounds 2 and 3, we hosted an in- 

person consensus meeting in Baltimore, MD.
Discussion focused on the outcomes that had been 

retained on the list due to the patient- important crite-
rion. Participants also had the opportunity to “rescue” 
an outcome that had been eliminated by requesting 
that it be moved back into the discussion. Voters could 
also suggest combinations of outcomes or refinements 
to definitions of outcomes that remained on the list. 
Proposals presented throughout the day were compiled 
into an online survey which was presented as a live 
vote at the end of the meeting.

After the final online voting round, we held a webi-
nar for the voters to review the results. We included 
live voting during the webinar on four proposals 
meant to streamline the core sets.

Results
paRtiCipants

Fifty- three voters participated in the COS consen-
sus process: 7 patients/patient advocates, 10 clinicians/
researchers, 5 U.S. payers, 7 health technology assessors, 
22 industry representatives, and 2 regulators (one each 
from the U.S. Food and Drug Administration [FDA] 
and European Medicines Agency [EMA]). Stakeholder 
groups included both U.S.- based and non- U.S.- based 
participants (Table 3). Participants who served as 

taBle 2. corenasH Consensus DeFinitions

Term Definition

Consensus to select (high consensus) An outcome in which ≥70% of all voters rated the outcome with a score of 7, 
8, or 9 (“critical importance”)

Consensus to select (patient- important) An outcome in which <70% of all voters rated the outcome 7, 8, or 9, but the 
stakeholders in the patient group gave the outcome an average rating of 
≥7

Consensus to eliminate An outcome in which <70% of voters rated the outcome 7, 8, or 9, AND the 
patient group average rating was <7
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industry representatives are included in Table 3, but it 
is important to note that although the individuals rep-
resenting a life science company may be based in a cer-
tain country, their viewpoints on outcome selection may 
reflect priorities in several countries where a trial may 
be held or a new NASH treatment could be approved.

iDentiFiCation oF outComes
We identified 143 clinical trial records on clinicaltri-

als.gov and six Cochrane Reviews in our targeted litera-
ture review. We excluded 46 clinicaltrials.gov records for 
reasons including studies that were not an intervention 
to treat NASH, studies that were specifically to observe 
the pharmacokinetics of a drug, or studies on the nat-
ural history of the disease. Journal articles describing 
clinical trials for NASH treatment were obtained and 
paired with their clinicaltrials.gov record. In addition, 31 
other journal articles that met the inclusion criteria were 
included and outcomes were abstracted. We reviewed 
included studies from systematic reviews and searched 
for additional studies from reference lists of included 
studies. The outcomes from a total of 168 studies were 
abstracted; 12 additional journal articles were referenced 
but not abstracted (e.g., cohort studies of patients with 
NASH/NAFLD, letters to the editor describing an issue 
for patients with NASH that could be translated into 
an outcome or outcomes). Delphi panelists were invited 
to participate in an interview; the project team hosted 
interviews with 23 participants (7 patients/patient advo-
cates, 5 clinicians/researchers, 11 industry).

DelpHi Voting
The initial candidate list included 86 outcomes 

grouped into the following domains: biomarkers and 
chemical response, body composition, functioning 
(including physical functioning, emotional functioning, 

role functioning, global quality of life, perceived health 
status, and delivery of care categories), mortality/  
survival, physiological/clinical, and resource use. After 
round 1 of the Delphi, we held a webinar and con-
firmatory subsurvey with the patient/patient advocate 
group to discuss the outcomes slated to be retained due 
to the patient- important criteria. A total of 52 out-
comes for the NASH without cirrhosis (F2- F3) COS 
and 82 outcomes for the NASH with cirrhosis (F4) 
COS moved into round 2 (Fig. 1). This included five 
new outcomes that were suggested by voters in round 
1 and included on both lists (Supporting Information).

After round 2 and the in- person consensus meeting, 
there were 18 outcomes on the list for NASH without 
cirrhosis (F2- F3) and 32 outcomes on the list for NASH 
with cirrhosis (F4). These numbers reflect changes 
agreed to during our in- person meeting to reintroduce 
previously eliminated outcomes and combine others. 
After the completion of round 3 in which the patient- 
important criterion was dropped and outcomes needed 
to reach high consensus by the entire Delphi panel to be 
included, the resulting core sets had two outcomes for 
NASH without cirrhosis (F2- F3) and nine outcomes 
for NASH with cirrhosis (F4). The percentage of voters 
who rated each outcome as critical to include in a core 
set is listed in Table 4. The core sets determined after 
round 3 originally included one and three mortality out-
comes for NASH without cirrhosis (F2- F3) and NASH 
with cirrhosis (F4), respectively; the voters agreed to 
separate the mortality outcomes from the main core set 
outcomes as the former would be measured in clinical 
trials as a regulatory requirement (Fig. 2).

Discussion
The decision to develop two separate core sets 

based on disease progression was made in advance of 

taBle 3. corenasH paRtiCipants By staKeHolDeR gRoup anD loCation

Stakeholder Group United States Based Not United States Total

Patients/patient advocates 3 4 7

Clinicians/researchers 5 5 10

U.S. payers 5 – 5

HTA 1 6 7

Industry 14 8 22

Regulators 1 1 2

*Not United States includes participants from Canada and countries in Europe.
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taBle 4. peRCent oF paRtiCipants Voting 7- 9 on Remaining outComes in DelpHi RounD 3

Outcome

NASH Without Cirrhosis (F2- F3) NASH With Cirrhosis (F4)

All Voters Patient Group All Voters Patient Group

AST/ALT ratio – – 38 71

ALT levels 50 86 30 43

Ability to manage activities of 
daily living

– – 62 86

Emotional anxiety – – 36 43

General health perception – – 44 71

Health- related global quality 
of life

68 71 76 71

Hepatic- related morbidity 62 43 82 86

Independence – – 46 86

Satisfaction with care/
treatment

12 29 – – 

Satisfaction with provider/care 
team

10 43 – – 

Work absenteeism – – 42 71

Blood pressure 18 29 20 14

Cardiovascular risk profile – – 30 43

Change in HVPG – – 52 57

Cirrhosis 66 57 82 100

Ballooning 66 57 – – 

Inflammation 68 71 58 100

Steatosis 64 71 – – 

Disease activity 78 100 66 57

Evidence of metabolic 
syndrome

26 29 26 29

Fatigue 56 71 64 71

Fibrosis stage 90 86 80 100

Global liver activity 46 86 50 86

Hepatocellular carcinoma – – 84 71

Liver stiffness 50 86 52 71

Clinical need for liver 
transplant

– – 70 29

Portal hypertension – – 58 57

Pulmonary hypertension – – 30 29

Decompensation event – – 84 86

MELD score – – 82 86

Hospital stay – – 74 43

Caregiver burden – – 40 57

Mortality outcomes Overall Patient group Overall Patient group

All- cause mortality 68 43 88 57

Cardiovascular- related 
mortality

– – 62 43

Hepatic- related mortality 70 43 88 57

Survival – – 76 57

Table shows outcomes remaining on the candidate outcome list for “NASH without cirrhosis” and “NASH with cirrhosis” at the start of 
round 3 of the Delphi. Outcome lists were identical at the start of round 1. A cell with “– ” indicates that the outcome had been eliminated 
in an earlier voting round for that COS (NASH with or without cirrhosis) and was no longer a candidate to be voted on in round 3.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HVPG, hepatic venous pressure gradient.
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Delphi voting; confirmation to categorize the sets as 
being for NASH without cirrhosis (with a focus on 
F2- F3) and NASH with cirrhosis (F4) was agreed 
during the live vote at our in- person meeting. This 
split is in alignment with recent draft regulatory guid-
ance that differentiates between noncirrhotic NASH 
and NASH with cirrhosis(18,20) and asserts that the 
current focus for treatment in NASH is for patients 
with F2- F4 fibrosis.(19) The coreNASH voters also 

agreed that the core set for patients with NASH with 
cirrhosis should only be used for patients with com-
pensated cirrhosis. Patients with decompensated cir-
rhosis have a separate set of priorities, and treatments 
currently in the pipeline target points in the pathway 
toward decompensation.(26)

The final lists for the two sets represent differences 
between the two disease stages. The set for NASH 
without cirrhosis, a time when the course of the dis-
ease may be asymptomatic and potentially reversible, 
designates outcomes that measure the progression or 
resolution of disease, while the outcomes in the set 
for NASH with cirrhosis are those relevant to end- 
stage liver disease and indicators of a transition from 
compensated to decompensated disease, such as liver 
cancer, the need for a liver transplant, and decompen-
sation events. The set for NASH with cirrhosis also 
includes a quality of life measure and a hepatic- related 
morbidity measure (defined as including complica-
tions of cirrhosis and fatigue, anxiety related to dis-
ease progression, loss of ability to work), underscoring 
that NASH at this stage influences functioning in a 
patient’s daily life.

Previous multi- stakeholder work established case 
definitions and baseline parameters to be used in 
NASH clinical trials as well as defined terminology to 
describe changes in NAFLD/NASH in clinical trials 
relating to the trial endpoints recommended for regu-
latory review.(15) coreNASH expanded on that existing 

Fig. 1. An overview of the coreNASH Delphi. This was a 
consensus process to prioritize and condense a candidate outcome 
list to develop two COSs.

Fig. 2. The final coreNASH COS.
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foundation by including payers and health technology 
assessors in a voting process and expanding the charge 
to consider outcomes that would be useful across the 
life cycle of a product and those that may be of partic-
ular use to postregulatory decision makers. coreNASH 
also used the Delphi approach, which provides each 
voter anonymity and an equal say(27) and can elevate 
the perspective of patients by using specific consen-
sus rules to preserve patient- important outcomes. The 
range of outcomes preferred by various stakeholders is 
especially apparent in the core set for NASH with cir-
rhosis as there are a mix of outcomes that are useful 
to certain stakeholders as they make decisions about 
access and coverage of the product. In addition to the 
previously noted outcomes relevant to patient quality 
of life, Model for End- Stage Liver Disease (MELD) 
score and hospital stay are utilization outcomes that are 
important to payers as a cutoff for approval for a liver 
transplant and an indication of resource use, respec-
tively. On the other hand, the outcome “clinical need 
for a liver transplant” is of high importance to clinicians 
and regulators along with fibrosis stage and decompen-
sation events as markers of progression of disease.

A COS is not meant to limit what should be mea-
sured in a clinical trial but rather to serve as a mini-
mum set to allow comparison between treatments and 
trials. While there are expected benefits from incor-
porating these outcomes into clinical development 
programs, the core set may be supplemented with 
other relevant outcomes. While the coreNASH core 
sets did not include any biomarkers, recommendations 
for metabolic and laboratory tests that may be added 
where capacity allows have been published and delin-
eated for early versus late- phase trials.(14) NASH is a 
fast- moving area of therapeutic development, and as 
more research is completed, it is likely that the core 
set will need to be updated, in particular as biomark-
ers are discovered or as definitions change. As such, 
the coreNASH set is a fluid list that we plan to revisit 
periodically and make updates that respond to regula-
tory changes and newly identified biomarkers.

The final core sets reflect the expectation that out-
come priorities may change as the field moves for-
ward. In the COS for NASH with cirrhosis, the voters 
included two measures related to liver transplantation: 
MELD score and “clinical need for liver transplant.” 
MELD score is used to allocate liver transplants and is 
based on short- term risk of death. It was included on 
our list as it is used and rated highly by clinicians and 

payers alike. Meanwhile, the outcome measuring clinical 
need for liver transplant is less specific and maintains an 
opening for redefinition as new research becomes avail-
able. Documenting the clinical need for a liver trans-
plant rather than whether or not a person has actually 
received a transplant is a way to categorize those in need 
of a transplant based on worsening liver disease without 
being linked to regional organ availability, insurance cov-
erage, severity of obesity and other comorbidities, and 
availability of necessary before and after operative social 
support that often determine whether or not a trans-
plant is performed. The inclusion of both MELD score 
and clinical need for liver transplant outcomes is simi-
lar to recent recommendations by disease experts at the 
American Association for the Study of Liver Diseases/
European Association for the Study of the Liver Joint 
Workshop on Clinical Trial Endpoints in NAFLD.(28) 
For suggested endpoints for phase 3 trials in those with 
cirrhotic NASH, they include both MELD progression 
from <12 to >15 and liver transplant, adding in a foot-
note that meeting severity of liver disease criteria for 
consideration for transplant should be considered rather 
than the number of liver transplants themselves.

For NASH without cirrhosis, the voters selected dis-
ease activity and fibrosis stage as the core outcomes. The 
definition we used for disease activity, “The findings 
reflective of activation of disease pathways driving the 
disease toward cirrhosis,” is intentionally broad to allow 
for the possibility of an update to the accepted best mea-
sure without a need to change the outcome. Rather than 
locking into the definition the histologic descriptions 
of disease activity, although they are currently widely 
accepted, this broad description allows for the possibility 
that in the future a biomarker or panel of biomarkers 
may be validated as a measure of disease activity.

To identify alignment and future opportunity for use 
of the coreNASH COS, it is useful to review outcomes 
that are currently being used in NASH trials. The Safety 
and Efficacy of Selonsertib in Adults With NASH and 
Bridging (F3) Fibrosis (STELLAR- 3; NCT03053050), 
Safety and Efficacy of Selonsertib in Adults With 
Compensated Cirrhosis Due to NASH (STELLAR- 4; 
NCT03053063), and Phase 3 Study for the Efficacy 
and Safety of CVC for the Treatment of Liver Fibrosis 
in Adults With NASH (AURORA; NCT03028740) 
trials all report on the same primary endpoint, which 
is the proportion of participants who achieved a ≥1- 
stage improvement in fibrosis without worsening of 
NASH. The Phase 3 Study to Evaluate the Efficacy 

https://clinicaltrials.gov/ct2/show/NCT03053050
https://clinicaltrials.gov/ct2/show/NCT03053063
https://clinicaltrials.gov/ct2/show/NCT03028740
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and Safety of Elafibranor Versus Placebo in Patients 
With NASH (RESOLVE- IT; NCT02704403) used 
the inverse primary endpoint, evaluating NASH reso-
lution without worsening of fibrosis. Still another study, 
the Randomized Global Phase 3 Study to Evaluate 
the Impact on NASH With Fibrosis of Obeticholic 
Acid Treatment (REGENERATE; NCT02548351), 
included both NASH resolution and fibrosis improve-
ment as coprimary endpoints. Proposed terminology to 
describe “improvement,” “resolution,” and “no worsen-
ing” was recently published by the Liver Forum Case 
Definitions Working Group.(17) The primary endpoints 
used in these trials are in alignment with recommen-
dations by the FDA and EMA in their recent guid-
ance,(18,19) and if the studies had used the coreNASH 
core sets, all but STELLAR- 4 would have used our set 
for NASH without cirrhosis. The outcomes in those 
trials compare with the outcomes in the coreNASH set 
for NASH without cirrhosis as each outcome we rec-
ommend can be derived from the measurements used. 
Improvement in NASH and worsening of NASH are 
described in these trials as measurements using the 
NAFLD activity score, which we currently recommend 
as the measure of disease activity to be used for the core 
set. There are gaps, however, between our recommended 
outcomes for more advanced disease. The coreNASH 
set for NASH with cirrhosis includes some patient- 
important, payer- important, and HTA- important out-
comes that were not included in the STELLAR- 4 trial. 
Endpoints for NASH trials across the development 
spectrum have been recommended by a joint group of 
disease experts, and there is good alignment with what 
the expert group recommended compared with the 
recommendation of the coreNASH multi- stakeholder 
group, which included both experts and nonexperts.(28)

There are limitations in the consensus process. 
Some COS developers undertake a full systematic 
review before beginning an outcome prioritization 
exercise, but these can significantly affect timelines. In 
order to expedite this project and provide a COS for 
timely inclusion in upcoming trials, we performed a 
targeted literature review. The candidate outcome list 
was generated in a systematic manner by exploring 
NASH/NAFLD- registered trials and making use of 
already completed systematic reviews. This search for 
trials was supplemented by searching for relevant arti-
cles from the past 5  years in the journal Hepatology. 
The literature in Hepatology was intended to represent 
the current thinking about outcomes in the field, but 

it is possible that a trial that had been published in 
another journal with an important outcome not identi-
fied in our search could have been missed by using this 
method. However, the goal of this review was not to 
exhaustively identify every individual NASH trial but 
rather to compile a comprehensive list of currently used 
outcomes that might be prioritized in a COS. In using 
the described method, we reached saturation quickly 
and we had several checkpoints throughout the process 
where participants could alert us to missing outcomes 
or make suggestions for outcomes to be added.

In this exercise, special weight was given to the view 
of the patients during the first two rounds of voting, 
but it is possible that a different set of patients would 
vote differently or would affect the vote of the entire 
Delphi panel by advocating for different outcomes. In 
addition, the approach engages nonexpert patients with 
experts. Challenges of this approach have been reported 
by COS developers; in particular, patients may struggle 
with prioritizing outcomes and tend to rate everything 
as important.(29) Because of this design and despite ori-
entation sessions to facilitate constructive participation, 
some of the outcomes identified as potentially “patient 
important” for the in- person meeting may represent 
nonexpert misunderstandings rather than truly import-
ant outcomes. The meeting is designed to sort out these 
priorities and bring clarity to true patient (and other 
stakeholder) priorities; however, participating experts 
may end up dismissing nonexpert priorities in the final 
vote where outcomes cannot achieve the “high consen-
sus” threshold without expert buy- in. In this project, 
some outcomes that were clearly patient important did 
not reach the threshold criterion to be included. In both 
COS, >70% of patients called fatigue a critical outcome 
to include, but the overall votes were not high enough to 
keep this on the list. Also, in the final round of voting for 
the list for NASH with cirrhosis, three outcomes were of 
high importance to patients but were not seen as import-
ant by the rest of the group (activities of daily living, gen-
eral health perception, and independence; Table 4). For 
these reasons, while not part of the core set, we suggest 
that clinical trial designers seeking to include patient- 
important outcomes consider including these additional 
outcomes, especially fatigue, which in our meeting was 
discussed in especially compelling terms by the patients.

Additionally, there are inherent logistical challenges 
with an in- person consensus meeting. Not every 
member of the Delphi panel is able to be present, and 
among those who attend, there is a possibility that 

https://clinicaltrials.gov/ct2/show/NCT02704403
https://clinicaltrials.gov/ct2/show/NCT02548351
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when face- to- face with the larger group, some par-
ticipants may be less vocal than others. We attempted 
to address these concerns by inviting those who could 
not be physically present to participate over the phone 
and employing a trained moderator to lead the dis-
cussions and attempt to provide equity during con-
versations. The final vote was completed online after 
the in- person meeting, resuming the anonymity of the 
Delphi method to capture this final assessment.

Another limitation of this approach is that the result-
ing core set does not clarify when included outcomes 
should be measured. For the candidate outcome list, we 
did not differentiate between short- term outcomes and 
long- term outcomes. Some long- term outcomes were 
included in our COS (hepatocellular carcinoma, need 
for liver transplantation, decompensation events), but it 
may not be possible to measure some over the course 
of a clinical trial. In this case, it is recommended that 
these outcomes are included in follow- up trials and 
post- market studies. Some of the phase 3 trials have a 
protocol in two parts, first examining histopathologic 
improvement and the second including a long- term 
outcome assessment. In a trial where it is not possible 
to measure long- term outcomes, fibrosis stage, which 
was included in both of our core sets, may serve as a 
surrogate as it has been reported that NASH associ-
ated with fibrosis increases progression to liver- related 
hard outcomes, such as liver transplantation, hepatocel-
lular carcinoma, cirrhosis, and death.(30- 32)

coreNASH achieved multi- stakeholder consen-
sus on a set of core outcomes to be used in clinical 
trials for interventions for NASH. By defining and 
uniformly implementing a set of outcomes to be 
included across trials and products, benefits can be 
seen at several key points in the life cycle of the prod-
uct. Such benefits include: 1) as a complement to the 
standard requirements for regulatory decision making, 
a COS ensures that outcomes are defined, collected, 
and reported in all clinical trials; 2) for health care 
payers and HTA organizations, a COS increases pre-
dictability and consistency in technology assessments 
that inform payer policies for coverage and reimburse-
ment; 3) for on- market use, a COS establishes rec-
ommendations for outcomes that are meaningful to 
the quality of life and functioning of patients.(33) Use 
of the core set in clinical development programs will 
ensure that the evidence on these outcomes of impor-
tance to postregulatory decision makers is collected, 
reported, and used to make decisions about getting 

the appropriate treatments to patients with NASH of 
varying disease stages.
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Appendix A
tHe corenasH panel1

William Baldyga (The Liver Forum); Maria- Magdalena 
Balp (Novartis Pharma AG); Catherine Brun- Strang 
(Sanofi); Robyn Carson (Allergan); Bosco D’Sa 
(Allergan); Wayne Eskridge (Fatty Liver Foundation); 
Kurinchi Gurusamy (University College London); Lars 
Hansen (AstraZeneca); Morten Hansen (Novo Nordisk, 
Inc.); Katy Harrison (National Institute for Health and 
Care Excellence); Andras Harsanyi (Eötvös Loránd 
University); Anders Hvelplund (Novo Nordisk, Inc.); 
Zoltán Kaló (Syreaon Research Institute and Eötvös 
Loránd University); Marko Korenjak (European Liver 
Patients Association [ELPA]); EJ Milne (Coventry 
University); Euan McLeod (Pfizer); Michelle Mocarski 
(Novo Nordisk, Inc.); Joachim Musaeus (European 
Medicines Agency [EMA]); Fady Ntanios (Pfizer); 
Mazen Noureddin (Cedars Sinai Medical Center); 
Daniel Ollendorf (Institute for Clinical and Economic 
Review); Jan Oscarsson (AstraZeneca); Stephen Rossi 
(NGM Biopharmaceuticals); Vlad Ratziu (Hôpital 
Pitié Salpêtrière); Yaron Rotman (National Institute of 
Diabetes and Digestive and Kidney Diseases [NIDDK]); 
Leonardo Ruiz- Casas (HCD Economics); Lewis 
Sandy (UnitedHealth Group); Jörn M. Schattenberg 
(Metabolic Liver Research Program, University Medical 
Center Mainz, Germany); Mohammad Shadab 
Siddiqui (Virginia Commonwealth University School of 
Medicine); Gregory Steinberg (McMaster University); 
Ethan Weiss (University of California San Francisco); 
Keith White (Intercept Pharmaceuticals); José Willemse 
(Dutch Liver Patients Association); Kathy Wright 
(Rotherham Metropolitan Borough Council); Michael 
Zemel (NuSirt Biopharma).

1 The full Delphi panel consisted of 53 voters. All participants were 
contacted and given the opportunity to be listed in the manuscript 
as a panelist. Those who responded are included in Appendix A. 
Those who did not respond or those who indicated that they did not 
want to be included were not listed.
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