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Due to the increasing prevalence of nonalcoholic steatohepatitis (NASH) and its associated health burden, there is a high

need to develop therapeutic strategies for patients with this disease. Unfortunately, its long and asymptomatic natural his-

tory, the uncertainties about disease progression, the fact that most patients are undiagnosed, and the requirement for

sequential liver biopsies create substantial challenges for clinical development. Adaptive design methods are increasingly

used in clinical research as they provide the flexibility and efficiency for identifying potential signals of clinical benefit of

the test treatment under investigation and make prompt preplanned adaptations without undermining the validity or

integrity of the trial. Given the high unmet medical need and the lack of validated surrogate endpoints in NASH, the use

of adaptive design methods appears reasonable. Furthermore, due to the limited number of patients willing to have multi-

ple liver biopsies and the need for long-term exposure to assess an impact in outcomes, a continuous seamless adaptive

design may reduce the overall sample size while allowing patients to continue after each one of the phases. Here, we

review strategic frameworks that include potential surrogate endpoints as well as statistical and logistical approaches that

could be considered for applying adaptive designs to clinical trials in NASH with the goal of facilitating drug development

for this growing medical need. (Hepatology Communications 2017;1:577-585)

Introduction

N
onalcoholic fatty liver disease (NAFLD) is
the most common cause of chronic liver dis-
ease in the Western world.(1) In the United

States, approximately 66,000 deaths are due to chronic
liver disease each year. Data from the National Health
and Nutrition Examination Surveys conducted

between 1988 and 2008 have shown that the overall
prevalence of chronic liver disease in the community
rose from 12% to 15%, a change attributable to
increases in rates of NAFLD.(2) The principal risk fac-
tors for NAFLD include obesity, insulin resistance,
and features of the metabolic syndrome.(3) It is charac-
terized by the pathologic accumulation of fat in the
liver and has two major histologic phenotypes, a fatty
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liver or steatohepatitis. Nonalcoholic steatohepatitis
(NASH) progresses to cirrhosis more frequently that
nonalcoholic fatty liver(4) and is rapidly rising as an eti-
ology for end-stage liver disease requiring liver trans-
plantation.(4,5) In a recently published study based on
longitudinal data of a Medicare multiethnic cohort,
NAFLD was the most common cause of cirrhosis
(29.3%).(6) The histologic feature that appears to best
predict mortality in NASH is the presence of signifi-
cant fibrosis.(7) There is currently no approved drug
therapy for NASH, and development of such thera-
peutics is widely felt to be a public health priority.
The development pathway for drugs for NASH is

complex despite recent advances in the field.(3,8,9) The
misconception that NAFLD is a benign manifestation
of obesity, the heterogeneous nature of NASH with
respect to the risk of progression to cirrhosis, and the
lack of a validated surrogate endpoint to clinical out-
comes have considerably slowed the development of
drugs for NASH. In addition to specific genetic pre-
dispositions associated with more severe disease in sub-
sets of patients, such as the patatin-like phospholipase
domain containing 3 I148M mutation,(10) both disease
activity and disease stage affect the risk for progression
to cirrhosis. Disease activity refers to the processes
(inflammation, hepatocellular injury, or death) that
drive the disease toward cirrhosis, whereas disease
stage (fibrosis) refers to how far the disease has already
progressed to cirrhosis. Disease activity is traditionally
assessed on histopathology by the presence of steatohe-
patitis and the NAFLD activity score (NAS),(11) while
the disease stage is assessed by the fibrosis stage.(12)

The progression from NASH without fibrosis through
various stages of fibrosis is not linear; however, those
with fibrosis stages 2 and 3 have a significantly higher
risk of progression to cirrhosis within a 10-year time
frame and an increased mortality risk compared to
lower stages (0-1) of disease.(13-15) With the ultimate
goal of providing a clinically meaningful benefit, the

principal objective of treatment of those with NASH
at increased risk of progression to cirrhosis is to reduce
disease activity in the short term and prevent progres-
sion to cirrhosis and thus adverse liver outcomes in the
long term. Most liver-related outcomes occur once cir-
rhosis has developed, and the progression to cirrhosis
may represent a surrogate for approval.(8,9) In fact, pro-
gression to liver cirrhosis has been accepted by both
the U.S. Food and Drug Administration (FDA) and
the European Medicines Agency (EMA) as part of the
composite primary endpoint (suggesting an impact on
clinical liver outcomes) in the two ongoing NASH
marketing authorization trials.(16,17) Finally, the need
for an invasive methodology for histology-based end-
points and the limited number of patients with biopsy-
confirmed NASH and/or willing to have multiple liver
biopsies over the study period have been major barriers
to recruitment into clinical trials and ultimately to
bring a therapy option for patients with NASH.
Adaptive trial designs are being increasingly exam-

ined as a way to streamline the development path and
optimize the time to development without compromis-
ing the quality of the evidence needed to establish the
efficacy and safety of therapeutic agents. An adaptive
design provides the opportunity for prospectively
planned modifications of one or more specified aspects
of a study design(18,19) (i.e., making prespecified
adjustments at the end of each stage) and may allow
minimizing the overall number of patients required
during the entire drug development process while at
the same time ensuring that the minimum number of
patients exposed to the drug is achieved. It may further
allow the same subjects to move from one phase to
another and thus reduce the need to find additional
subjects for treatment trials who will be willing to
accept multiple biopsies. These considerations suggest
that an adaptive design-based approach where the ini-
tial phase could demonstrate improvement in end-
points of histologic disease activity and/or
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improvement in disease stage followed by a second
phase to demonstrate clinical outcomes may be partic-
ularly suitable for NASH. In this paper, we provide
the scientific and logistical outline of such an
approach.

Registration Pathways:
Accelerated/Conditional
Marketing Approvals
Regulatory agencies have adopted policies that can

expedite drug development for serious medical condi-
tions where few or no therapies exist.(20,21)

In order to deal with the difficulties of long trials
designed to demonstrate a meaningful benefit in terms
of clinical outcomes, specific mechanisms have been
established by the regulatory agencies. Accelerated
approval (FDA) and conditional approval (European
Union) pathways allow initial marketing approval
based on surrogate endpoints considered reasonably
likely to predict outcomes, followed by full approval
based on assessment of clinical benefit in a confirma-
tory clinical trial.
There are three types of surrogate endpoints. Candi-

date surrogates are biomarkers that are under consider-
ation for use in clinical trials but have not been
accepted. Reasonably likely to predict clinical benefit
are surrogates that have been accepted for use in phase
3 clinical trials but lack sufficient evidence to be used
for full approval. Validated surrogates are biomarkers
for which there are data to show that the biomarker
does predict clinical outcomes. For example, hemoglo-
bin A1C is a validated surrogate endpoint that has
been used as the basis for full/regular approval of thera-
peutic agents to treat diabetes.
The accelerated and conditional approval pathways

offer the potential to use surrogate endpoint(s) or
intermediate clinical endpoints that are determined to
be reasonably likely to predict clinical benefit. The
agencies may grant accelerated/conditional approval
based on these surrogate endpoints, with full approval
being granted based on subsequent confirmatory stud-
ies using well-established and well-defined clinical
outcomes.
There is no validated surrogate endpoint in NASH.

Resolution of NASH (i.e., absence of ballooning with
no or minimal inflammation by histology) is consid-
ered a surrogate endpoint “reasonable likely to be asso-
ciated with outcomes.” Therefore, the approval process

must involve a two-step approach, i.e., an initial accel-
erated or conditional approval followed by a final
approval after confirming clinical benefit in preventing
progression to cirrhosis and liver outcomes (including
cirrhosis decompensation events, overall death, and
liver transplantation).

Endpoints in Clinical Trials
The NAS is a histology-based validated scoring sys-

tem (an unweighted composite of steatosis, inflamma-
tion, and cellular ballooning scores) that can be used to
assess pathologic changes in clinical trials.(11) The his-
tologic endpoint of improvement in activity as assessed
by a reduction in at least 2 points in NAS (with at least
1 point reduction in hepatocellular ballooning, a key
feature required for the diagnosis of NASH) can be an
acceptable marker of improvement if it is associated
with no progression in fibrosis. However, there is no
evidence to support that NAS is reasonably likely asso-
ciated with outcomes; thus, resolution of NASH with
no worsening of fibrosis (assessed as an increase in the
fibrosis stage by histology) and/or improvement in
fibrosis with no progression of steatohepatitis (i.e., no
increase in activity as assessed by NAS (Table 1) is
required for trials to support a marketing app-
lication.(8,9,16,17) Both resolution of NASH and imp-
rovement in fibrosis have been accepted(16,17) as
surrogate endpoints “reasonably likely to predict clini-
cal benefit” and have the potential to lead to an acceler-
ated/conditional approval.

Seamless Adaptive Design:
General Statistical
Considerations
One of the most commonly considered adaptive

designs is probably a multiple-stage seamless adaptive
design that combines several independent studies into
a single one that can address study objectives of the
intended individual studies. For two-stage adaptive
designs, four categories have been reported(19,22)

depending upon the study objectives and endpoints at
different stages. These categories include (1) a design
with a common study objective and a fixed study end-
point, (2) designs with a common study objective but
different study endpoints, (3) designs with different
study objectives but a fixed study endpoint, and (4)
designs with different study objectives and different
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study endpoints. In NASH programs, there is one
common study objective (i.e., improvement in liver
clinical outcomes) but different primary endpoints
(i.e., reduction in NAS, resolution of NASH by histol-
ogy, improvement in fibrosis, and reduction in pro-
gression to cirrhosis).
The use of an adaptive design has several advantages

as well as some limitations(23) (Table 2). From a statis-
tical perspective, major advantages of adaptive designs
include (1) an opportunity to react to negative/positive
results at the time of the interim analysis, make deci-
sions, and take corrective actions early; (2) evaluate
data collected from different stages for a combined
analysis with a more accurate and reliable assessment
of the treatment effect in an efficient way (see thera-
peutix index function); and (3) shorten the clinical
development process (reducing the time between final-
ization of one phase and the initiation of the next one,
which can potentially save at least 6 months). However,
it is important to consider and prevent potential opera-
tional biases that may arise during the evaluation of the
interim data (e.g., identification, minimization, and

control of sources of bias/variation; overall type I error
control rate at a prespecified alpha level) and maintain
the quality, validity, and integrity of data collected from
the study with clearly outlined roles and responsibilities
of a data safety monitoring committee.

THERAPEUTIC INDEX FUNCTION
FOR ENDPOINT SELECTION

In order to link all endpoints for the analysis of
adaptive designs with distinct study endpoints at each
stage (as needed in NASH), a therapeutic index (or
utility) function that is either scalar or vector is pro-
posed, depending on whether the study includes single
or co-primary endpoints.(24-26) A mathematical model
allows an overall analysis linking all NASH endpoints
at different stages (e.g., changes in noninvasive bio-
markers, reduction in at least 2 points in NAS, resolu-
tion of NASH without worsening of fibrosis,
improvement in fibrosis, etc.). Furthermore, a prespe-
cified weight for each of the study endpoints can be
allocated (the mathematical proposed model is

TABLE 1. ENDPOINTS AND POPULATION IN CLINICAL TRIALS IN NASH

Phase Primary Endpoint Target Population

Early phase trials/ Proof-of-concept Endpoints should be based on mechanism of
drug.

Reduction in liver fat with a sustained improvement
in transaminases;

Improvement in biomarkers of liver inflammation,
apoptosis and/or fibrosis.

Consider using improvement in NAS (ballooning
and inflammation) and/or fibrosis.

Ideal to enroll patients with biopsy-proven NASH
but acceptable to enroll patients at high risk for
NASH (i.e., evidence of fatty liver, two
components of the metabolic syndrome,
evidence of liver stiffness by imaging).

Dose ranging/phase 2 Resolution of NASH without worsening of fibrosis;
alternatively, improvement in disease activity
(NAS)/improvement in ballooning/ inflammation
without worsening of fibrosis.

Biopsy-proven NASH and NAS �4.
Include patients with NASH and liver fibrosis.
Include a sufficient number of patients with NASH

and fibrosis stage 2/3 to inform phase 3.

Trials to support a marketing
application: phase 3

Resolution of steatohepatitis and no worsening
of fibrosis.

Improvement in fibrosis with no worsening of
steatohepatitis.

A co-primary endpoint of the above or depending
on the mode of action, either one or the other
can be used.

Patients with biopsy-confirmed NASH with
moderate/advanced fibrosis (F2/F3).

Trials to support a marketing application:
phase 4 (postmarketing part)

Clinical outcome trial underway by the time of
submission:

Composite endpoint:
histopathologic progression to cirrhosis;
MELD score change by >2 points or MELD

increase to >15 in population enrolled with
MELD �13;

death;
transplant;
Cirrhosis decompensation events:

Patients with biopsy-confirmed NASH with
moderate/advanced fibrosis (F2/F3).

Abbreviation: MELD, model for end-stage liver disease.
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included in the Supporting Material). Although the
endpoints are different at each stage, we work under
the assumption that there is a well-established relation-
ship between them.

ADAPTIVE DESIGN
IN EARLY PHASES

Biopsy-driven endpoints are, in general, not feasible
in short-term proof-of-concept (POC) trials. In these
studies, designed mainly to assess safety and tolerability
of new drugs and to look for early futility signals to
direct decisions regarding further development, differ-
ent biomarkers can be used. An improvement of
hepatic steatosis as determined by magnetic resonance
technology is one such biomarker and might be suit-
able because improvement in steatohepatitis is gener-
ally associated with a reduction in liver fat.(15) This
reduction in liver fat should be associated with
improvement in liver aminotransferases and/or other
noninvasive biomarkers of insulin sensitivity, inflam-
mation, apoptosis, and fibrosis that could help in deci-
sion making. The description of these biomarkers is
beyond the scope of this article but can be found else-
where.(27) However, it is important to note that the use
of noninvasive biomarkers is still considered experi-
mental, and there are no noninvasive biomarkers that
are considered to meet the requirements for a surrogate
reasonably likely to predict clinical benefit.
An early-phase POC dose-finding trial can be a

stand-alone study or part of an adaptive POC/phase
2b study (Fig. 1). A stand-alone POC study can enroll
subjects with a high risk of NASH (e.g., patients with
fatty liver or metabolic risk factors, such as type 2

diabetes and/or the metabolic syndrome). Results
obtained with this “high risk of NASH” approach pro-
vide a degree of confidence for further development,
but the limitation of the patient population not being
biopsy confirmed for NASH would remain.
With a biopsy-proven NASH population enrolled

into an adaptive POC/phase 2b study, an interim anal-
ysis allows for an early look at the data and can result
in preplanned adaptations to the study (e.g., discontin-
uation of study arms, randomization of more patients,
stopping the study). This early or interim look at the
data also allows for a futility analysis of the entire study
or specific doses of drug, benefiting both patients and
the sponsor. Furthermore, for studies that continue
with fewer selected doses of drug, patients in the dis-
continued arms can be switched to the doses selected.
While these “switched” patients are not intended to be
included in the efficacy analysis, they do provide addi-
tional safety information, and the patients receive con-
tinued evaluations throughout the study. For all
patients, the continuous follow-up enables evaluations
of liver histology at later time points and the potential
use of a therapeutic index function in the analysis of
the final data. This continuity of follow-up in the
POC/phase 2b study avoids the need to recruit a new
set of patients with biopsy-confirmed NASH in a sep-
arate study.

ADAPTIVE DESIGN
IN THE PIVOTAL TRIAL

The required two-step approach (i.e., an initial
accelerated or conditional approval followed by a final
approval after confirming improvement in outcomes)

TABLE 2. RELATIVE MERITS AND LIMITATION OF TWO-STAGE ADAPTIVE DESIGN IN NASH

Characteristic Two Independent Trials Two-Stage Adaptive Design

Power 90% 90% (81%) 90%
Sample size N5N11N2 N < N11N2*
Operational bias Less Moderate to severe
Data analysis By study analysis Combined analysis
Efficiency 6 to 12 months lead time between studies Reduced lead time between trials
Flexibility/long-term follow-up New study design based on previous data.

New patients are enrolled
Adaptations based on IA, e.g., stop one or more

study arms/randomize more patients.
Continue follow-up

Regulatory aspects Standard practice Requires buy-in by global authorities prior to
initiation

Statistical perspective Valid statistical methods are well established Evolving statistical methods
Operational complexity Low High

*Depends on adaptations; N is total number of subjects for both studies; N1 is the sample size for trial 1; N2 is the sample size for trial 2.

HEPATOLOGY COMMUNICATIONS, Vol. 1, No. 7, 2017 FILOZOF ET AL.

581

http://onlinelibrary.wiley.com/doi/10.1002/hep4.1079/suppinfo


creates an opportunity to use an adaptive design with
potential preplanned adaptations after the interim
analysis and the use of a utility function in the analysis.
For phase 3/4 NASH trials in which the intent is

for the drug to be approved for marketing based on a
surrogate endpoint, the sample size needs to be
planned by considering the interim alpha (control of
the false-positive rate) at the end of phase 3 as well as
the final alpha at phase 4. Although the primary end-
points for both phase 3 and phase 4 are supposed to be
strongly correlated, we recommend splitting the overall
study alpha (e.g., 0.01 and 0.04) into two phases to
ensure type I error control of the entire study as well as
assessments of other potential key secondary end-
points. Because accelerated approval in NASH trials is
considered on the basis of a (nonvalidated) surrogate
endpoint and therefore some doubt remains about its
validity, we recommend that a much smaller alpha is
allocated to the first test relative to the second one
because the phase 3 portion of the study will lead to
the accelerated or conditional approval.
In this phase 3/4 two-stage adaptive design (Fig. 2),

the proposed utility function results in a composite
endpoint (which accounts for both improvement in the
disease activity and resolution of NASH with no

worsening of fibrosis or an actual improvement in liver
fibrosis) for a responder analysis. A co-primary end-
point of improvement in fibrosis can be incorporated,
and thus the proposed utility function becomes a vector
of endpoints. At the second stage, the study endpoint
of interest could be composed of all-cause mortality,
progression to liver cirrhosis, and cirrhosis decompen-
sation events. In this case, the proposed utility function
could result in a composite endpoint to account for
these criteria for a responder analysis. The derived end-
points based on the proposed utility function at differ-
ent stages are expected to be correlated.
The total number of events in phase 4 can be esti-

mated assuming an average progression rate of 5%-7%
based on the natural history cohorts in patients with
NASH with moderate or advanced fibrosis.(7,13,14,28,29)

However, the final statistical inference will be evalu-
ated when a certain number of events are reached. At
this stage, an interim analysis would allow the follow-
ing decisions to be considered: (1) terminate the trial
due to futility; (2) continue the trial to the final analysis
without any changes; (3) continue the trial to the final
analysis and increase the target number of events in the
primary analysis. Additionally, an analysis of the
interim safety data is recommended and should be
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FIG. 1. Proof-of-concept/dose-ranging adaptive design trial. A single proof-of-concept dose-finding study seamless adaptive trial
design can enroll patients with biopsy-confirmed NASH and allow adaptations, rolling over those patients on the most promising
doses. The evaluation of changes in liver fat and other noninvasive biomarkers of liver function, inflammation, and fibrosis may help
in decision making during the IA after a prespecified period. At this point, efficacy and futility analysis allows adaptations (i.e., drop-
off study arm/s, randomize more patients, stop the study if a safety concern arises). The continuous follow-up allows the evaluation of
changes in liver histology in the selected dose/s. Abbreviations: EOS, end of study; IA, interim analysis; N, number of subjects per
study arm; R, randomized patients.
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performed by an independent unblinded data safety
monitoring committee.
A phase 2/3/4 seamless adaptive design (Fig. 3) could

also be considered. In these trials, one could adopt the
commonly used seamless design but control the overall
alpha after the alpha has been adjusted for phase 3 and
phase 4. For this type of phase 2/3/4 adaptive design,
sample size is often selected to power the study for
detecting a meaningful treatment effect at the end of
phase 3. Therefore, there is usually not sufficient power
for critical decision making (e.g., detecting clinically
meaningful difference for dose selection or dropping the
inferior treatment groups) at earlier stages. In this case,
a precision analysis is recommended to ensure that the
selected dose has achieved statistical significance (i.e.,
the observed difference is not by chance alone) based on
the prospectively defined significance level required at
the interim analysis. For example, the following criteria
are often considered to facilitate decisions: 1) the dose
with highest confidence level for achieving statistical
significance will be selected; 2) the doses with confi-
dence levels for achieving statistical significance less
than 75% will be dropped.
It should also be noted that precision assessment in

terms of the confidence interval approach is

operationally equivalent to hypotheses testing for com-
paring means. Of note, if the interim analysis con-
ducted at phase 2 is mainly to assess the dose response
and to further study the highest dose in subsequent
phases, a trend test, such as the Cochran–Armitage
test, may be considered. However, to protect the trial
integrity due to the unblinding of the interim data, a
very small alpha (e.g., 0.0001) needs to be allocated.

Adaptive Design, the
Regulatory Framework
Both the FDA and the EMA have released docu-

ments describing the use of adaptive designs in clinical
studies. In 2007, the EMA published a reflection
paper on methodological issues in confirmatory clinical
trials planned with an adaptive design,(30) and in 2010
the FDA released draft guidance on adaptive designs
for drugs and biologics.(20) In addition, the Japanese
Pharmaceuticals and Medical Devices agency in Japan
has published papers describing its experiences with
companies discussing adaptive designs.(31) Fortunately,
the concept for the use of adaptive designs appears
similar among these regulatory agencies, with an
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FIG. 2. Phase 3/4 adaptive design. A single seamless adaptive trial design allows for continuous exposure and long-term follow-up. A
therapeutic index (or utility) function can be adopted to link all NASH endpoints at different stages. Furthermore, different prespeci-
fied weights can be allocated in the function. Endpoints at the interim analysis are: i) resolution of NASH by histology without wors-
ening of fibrosis and/or ii) improvement in fibrosis without worsening of NASH. If positive, a long-term follow-up to confirm
efficacy in reduction in clinical outcome is mandatory. It is important to ensure type 1 error control. At present, because marketing
authorization is based on a surrogate endpoint that is “reasonably likely to predict benefit on morbidity or mortality," based on epide-
miologic data but not “surrogates that are validated by definitive studies,” a smaller alpha is allocated to the first test compared to the
second one (e.g., 0.01 and 0.04, respectively). Abbreviations: N, number of subjects per study arm; R, randomized patients.
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emphasis that the designs must be supported by sound
rationale.

Conclusions
The increasing prevalence, associated health burden,

and lack of approved therapy for patients with NASH
represent a substantial unmet medical need. At the
same time, statistical methods in seamless adaptive
clinical designs are evolving and becoming better
understood. This development paradigm has the
potential to bring additional therapeutic options to
patients earlier without compromising the quality of
the evidence needed to establish the efficacy and safety
of therapeutic agents. Maintaining patients in long-
term clinical trials by progressing them through the
various stages of the development program offers pro-
longed drug exposure with the flexibility of enabling
additional patients to be enrolled at each stage of the
study to support robust statistical analyses. Addition-
ally, for a condition like NASH where there is a lim-
ited number of biopsy-proven study subjects, adaptive
methods can reduce the need to find full cohorts of
new patients with histologically confirmed NASH.
The use of a scalar or vector utility function may also
allow all endpoints to be linked for the overall analysis,

providing a reliable method to assess the treatment
effect. Nevertheless, adaptive designs have some limi-
tations. Due to potential operational biases, an adap-
tive design program needs to be accepted by global
authorities prior to initiation. Additionally, the appli-
cation of an adaptive strategy for registration does not
avoid the need for multiple liver biopsies, and long-
term follow-up of phase 2/3/4 seamless trials may limit
the number of patients who are willing to participate.
The need for type 1 error control with a very small
alpha requires a large number of patients to be
enrolled. Finally, it is important to note that trial
designs are based on many factors and an adaptive
design strategy may not be appropriate for all NASH
development programs.
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