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Liver cirrhosis is a worldwide health problem that is associated with various complications and high
mortality. It can be a consequence of different causes, such as high alcohol consumption,
non-alcoholic steatohepatitis (NASH), viral hepatitis B, C or D, cholestatic diseases, metabolic
diseases and others. More than 1.3 million deaths worldwide annually are attributable to liver cirrhosis.

Liver cirrhosis due to NASH is currently an important and increasing indication for liver
transplantation in the US. In fact, the global incidence of liver cirrhosis caused by NASH increased
~106% from 1990 to 2017,! partly due to population growth and aging, but also secondary to

the increase in obesity around the world. The incidence varies by gender (higher in males than
females); increases with age and by prevalence of additional risk factors (metabolic syndrome);
and by sociodemographic factors. The impact of viral hepatitis B and C on the need for liver
transplantation and as a cause of significant morbidity and mortality is expected to be attenuated
and overtaken by that of NASH in the near future. In fact, a tsunami of patients with cirrhosis
secondary to NASH is expected over the next decade. Even in some geographic areas with
populations that typically have low body mass index (e.g., Japan, China, Singapore) there is still an
increasing incidence of NASH, indicating that there are other cofactors contributing to the onset
and progression to cirrhosis in these patients.

There are several challenges faced when conducting clinical trials in patients with cirrhosis
secondary to NASH. This white paper provides a framework for sponsors looking to develop new
treatments for this growing problem and addresses the following key areas:

« Combination of biomarkers for early identification of NASH with cirrhosis
« Developmental pathways for clinical trials in cirrhosis populations
« Identification of the appropriate target populations

» Surrogate and clinical outcome endpoints in clinical trials in populations with cirrhosis




NASH-related cirrhosis requires a combination of biomarkers for early identification

Data suggest that many patients with early liver cirrhosis are undiagnosed. A recent study reported
that the majority of patients with cirrhosis secondary to NAFLD are diagnosed incidentally and that
these patients are more likely to have advanced liver disease and hepatocellular carcinoma (HCC)
at initial presentation.? High transaminase levels are a frequent reason for referral to hepatologists.
However, transaminases may be normal in patients with compensated cirrhosis and thus lead to a
delay in the diagnosis.? In order to evaluate transaminase levels in patients with suspected NASH
cirrhosis, we performed an analysis using Labcorp patient-level data in ~22,000 patients with
NASH Fibrosure Tests suggesting liver cirrhosis (Fibrosure score >0.74). After excluding any ICD10
code indicating liver disease (viral hepatitis, alcoholic steatohepatitis, etc.), median ALT levels were
31 and 38 IU/L in females and males, respectively, therefore confirming that most patients with
NASH cirrhosis defined by this non-invasive test have ALT levels below the reference ranges. Thus,
other more sensitive biomarkers for early diagnosis are required. It has been suggested that the
FIB4 panel (determined by values of age, AST, ALT, platelet count) is a more sensitive marker for
the presence of advanced fibrosis and cirrhosis than transaminases. Consistent with previous data,
median FIB4 levels were 3.34 in the analysis of this population. Therefore, as suggested by clinical
guidelines,* performing FIB4 in patients at risk of NAFLD can facilitate the identification of this
patient population.

Developmental pathways for cirrhosis clinical trials

The approval of all drugs in the US is based on the need to demonstrate substantial evidence of
efficacy in the treated group versus a control group. Endpoints should measure how the persons
feel, function or survive (e.g., clinical benefit). The overall risk and benefit of each investigational
product is taken into account in the approval decision. The EU, England and Japan have similar
requirements for drug approval.

The FDA and EU also allow approval of drugs based on validated surrogate endpoints. These
endpoints are supported by robust evidence that the surrogate endpoint is associated with clinical
outcomes (e.g., hypertension is a validated surrogate for cardiovascular outcomes and sustained
viral response [SVR] is a validated endpoint for chronic hepatitis C).

For serious and life-threatening diseases with an unmet medical need, the agencies allow an
“Accelerated Approval” (FDA) or “Conditional Approval” (EMA) pathway based on surrogate
endpoints that are considered “reasonably likely to predict clinical benefit or on a clinical endpoint
that can be measured earlier than irreversible morbidity or mortality (IMM) that is reasonably likely
to predict an effect on IMM or other clinical benefit (i.e., an intermediate clinical endpoint).”®

For trials in populations with noncirrhotic NASH, the agencies have accepted slowing of progression
of clinical outcomes (death, transplant and decompensation events). Though both agencies include
the accelerated/conditional approval pathway in clinical trials for a population with noncirrhotic
NASH, the suggested marketing authorization trials in the FDA Draft Guidance for Clinical Trials

in Patients with Compensated Cirrhosis Secondary to NASH recommends clinical outcome data in
order to reach marketing authorization.®”



The FDA has stated in meetings that parallel programs for one IP in both patients
with cirrhosis and in patients without cirrhosis due to NASH could facilitate a “final”
approval for both subpopulations, based on demonstration of clinical benefit in a
compensated cirrhosis and demonstration of improvement in the histopathologic
surrogate endpoint in the noncirrhotic population. However, this statement has not
yet been published in a guidance document. It is important to note that resolution

of fibrosis (a histopathologic endpoint) may take years to achieve. This was
demonstrated in a recent publication in which significant weight loss did not improve
advanced fibrosis in a population of obese patients with stage 3 or stage 4 fibrosis
due to NASH.®

Identification of the appropriate target populations

Since there are many inciting triggers associated with the development of NASH with fibrosis,
including those of cellular stress, insulin resistance, metabolic derangement, inflammation and
fibrogenesis, it becomes difficult to assess the impact of a single compound being studied on the
natural history of the disease. The future of treatments for NASH with liver fibrosis will likely include
combination therapies directed at targeting both the underlying metabolic disorder, as well as the
resultant fibrosis associated with the disease.

For all clinical trials in NASH populations, patients’ comorbidities should be treated, and stable
medication regimens should be in place for several months prior to enrollment. Additionally, hepatic
impairment studies will need to be performed early in drug development, especially for drugs that
are partially or completely metabolized via bile.

In studies targeting patients with compensated cirrhosis due to NASH, one of the key challenges
is the attribution of NASH as the etiology of cirrhosis and the trial eligibility criteria. The target
population with cirrhosis secondary to NASH has been defined in a recent article published by the
Liver Forum,® but there is still lack of clarity regarding attributing the liver disease to NASH for
those patients in whom the histologic evidence is no longer present (i.e., burned-out cirrhosis).
Additionally, for a given Child-Pugh stage of cirrhosis (A, B or C), there may be significant
disparities of liver function, despite similar laboratory results and clinical exam.*®

Patients with compensated cirrhosis encompass both those with and without portal hypertension
(PHT). It is important to match the mechanism of action (MOA) of the investigational product (IP)
with the target population, as it may not be effective to treat patients with PHT with anti-fibrotic
drugs alone. The population selected should be likely to respond to the IP. PHT can be suspected
by many noninvasive tests (e.g., platelet count, venous collaterals on an imaging study, esophageal
varices seen on endoscopy, Fibroscan kPa >20), as well as direct, invasive measures (hepatic
venous pressure gradient [HVPG]). It is critical that drugs are developed that directly impact the
hemodynamic changes in PHT to meet the needs of this growing population. Additionally, it needs
to be taken into account that non-invasive tests are static and measure a point in time, rather than
the dynamic continuum of cirrhosis, as described by Garcia-Tsao and Friedman.*!

Enrichment strategies, aimed at identifying a more homogenous group of patients will be important
tools in designing future clinical trials in cirrhosis due to NASH. Such strategies, based serum
biomarkers (Pro C-3 or NIS-4,2%3 ELF4), imaging biomarkers (e.g., elastography,*> MRI-cT1'®) and
other assessments of liver functional capacity (e.g., HepQuant Tests)'"'8, may decrease the
variability (noise) in these trials that make interpretation of data less difficult.

Recent data also suggest that application of machine learning technology may also allow for
identification of patients at higher risk for rapid progression of NASH.'° It should be noted,
however, that these enrichment strategies may have implications on the final labeling claim
for a compound.



Surrogate and clinical outcome endpoints in trials in populations with cirrhosis

For clinical trials in patients with cirrhosis secondary to NASH, the FDA and EMA request that trials
be performed to clinical outcomes, with a primary composite endpoint showing improvement in
decompensated events (variceal bleeding, ascites, encephalopathy, MELD change from < 12 to = 15,
liver transplantation, and all-cause mortality). The EU adds development of hepatocellular cancer
to the list of clinical outcomes endpoints.

However, both the FDA and EMA have allowed trials in populations with cirrhosis secondary to
NASH to move forward using accelerated approval pathways and a surrogate (interim) analysis

of improvements in cirrhosis (regression from fibrosis stage 4 [cirrhosis] to stage 3 [bridging
fibrosis]). To date, no drugs have been successful in achieving marketing approval in patients with
cirrhosis due to NASH. This may be secondary to lack of homogeneity and specificity of the target
populations (patients with PHT were included in these trials), and the single, anti-fibrotic or
anti-inflammatory MOA of the drugs used in these trials.

Enrichment of the compensated cirrhotic NASH population with a high probability of developing
a clinical outcome can be considered when designing a trial in this population. However, it is
more important that trial design takes into account the MOA of the IP.2° Assessing the efficacy
(proof-of-concept) in the population targeted will be important as the effects of portal
hypertension may negate the effects of an anti-fibrotic agent used alone.?! The measurement of
hepatic venous pressure gradient (HVPG) can be helpful in drug development, but this technique
is invasive, operator-dependent, and carries risk, therefore indirect estimates of portal pressure
are needed to assess efficacy of potential IPs. There is a wealth of literature on this topic, but
no clinical trials using these non-invasive tests have been performed as of yet.?*?>23 Further
qualification and validation of non-invasive testing and functional biomarkers, along with
machine learning strategies, should allow for more precise risk stratification of this

complicated group of patients.

Trials in patients with decompensated cirrhosis are especially challenging to perform, and most
have targeted specific decompensation events or complications of cirrhosis (e.g., rifaximin for
treatment of hepatic encephalopathy and band ligation for esophageal varices). The few trials that
have attempted to target treatment of fibrosis in advanced NASH cirrhosis patients have not been
successful. These very advanced patients may no longer be responsive to an anti-fibrotic drug
therapy alone. Drugs that specifically target portal hypertension, or a combination of drugs that
treat both the fibrosis and the portal hypertension, may be needed in this group of patients.?*
More data is clearly necessary to address these important issues.

Summary

There is a high unmet medical need for treatments for patients with cirrhosis secondary to NASH,
and the number of these patients is projected to increase substantially over the next decade.
Although there has been tremendous progress in the design of clinical trials, and regulatory agencies
are willing to facilitate efficacious drugs to be approved for these patients, there are still several
challenges in clinical development in patients with cirrhosis due to NASH.

Most of these patients will likely require a drug or combination of drugs to treat the complexities
of cirrhosis. Targeting the correct population that will respond to the MOA of the IP is imperative.
In addition, there is a high need for sensitive and specific non-invasive tests (NITs) that can replace
“reasonably likely” surrogates (i.e., histopathology) for accelerated approval, as well as validated
surrogate endpoints to replace long-term clinical outcomes in cirrhotic patients due to NASH.



While a cure and subsequent reversal of cirrhosis would be ideal, slowing of
disease progression would likely be acceptable to physicians, patients and
regulatory agencies for drug approval. Additionally, much work still needs to
be done to understand the long-term natural history of NASH cirrhosis, the
identification of those individuals with high likelihood of progression of their
disease, and those with a likelihood of response to a given therapy.
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