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Alcoholic hepatitis (AH) and Nonalcoholic steatohepatitis (NASH) are two major causes of 

liver related morbidity and mortality. While AH is a major cause of liver-related 

hospitalizations, NASH is projected to surpass hepatitis C virus infection as the leading 

etiology of end stage liver disease requiring liver transplantation 1. NASH is also the leading 

etiology driving the burden of hepatocellular cancer 2. Despite their obvious public health 

relevance, there are currently no drugs approved for either condition. There is thus a need to 

consider the barriers that have contributed to this situation and the potential pathways to 

overcome such barriers to bring effective therapies for these conditions to afflicted 

individuals.

A. General principles of drug approval

The core principle that drives drug approval is the demonstration of safety and clinically 

meaningful benefit for patients when a drug is given for a specific indication 3. Clinically 

meaningful benefit is broadly defined as an improvement in terms of how patients feel, 

function or survive following an intervention 3. While theoretically, drugs may be approved 

on the basis of how they affect functionality or how patients feel, the relative lack of 

specificity of these findings make it difficult to attribute changes clearly to administration of 

a drug especially in complex chronic diseases with multiple comorbidities. Therefore, most 

development efforts have focused on establishing the efficacy of drugs by demonstration of 

clinical benefit either by hard outcomes or the use of surrogate endpoints.
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Mortality is a well-recognized measure of clinical benefit or “hard endpoint” which can be 

quantified and reflects how a patient survives. However, for many chronic conditions such as 

NASH, the disease leads to mortality over a course of years or even decades. When 

considered over such a prolonged period of time, other causes also contribute to mortality 

further confounding assessment of drug effects on mortality. The logistic and fiscal 

challenges of performing a large enough study to document an improvement in survival for 

such chronic conditions represent a barrier for sponsors from engaging in such trials.

In order to deal with the difficulties of long trials designed to demonstrate clinically 

meaningful benefit, specific mechanisms have been established by the Food and Drug 

Administration to expedite drug approval while still meeting the regulatory burden of 

evidence to support efficacy and safety of the drug as required by law as well as ethics. One 

such pathway involves the use of generally accepted surrogate endpoints. These are 

endpoints that have been extensively validated to reflect ultimate clinically meaningful 

benefit. Generally accepted surrogate endpoints can form the basis for full approval of a 

therapeutic agent. There are currently no such endpoints that meet the evidentiary burden to 

qualify as a generally accepted endpoint for either AH or NASH.

A second pathway is also known as the Accelerated Approval pathway (subpart H for drugs 

and subpart E for biologics) and allows a sponsor to apply for approval with trials of 

relatively shorter duration using a surrogate endpoint(s) that are considered reasonably likely 

to predict clinical benefit such as a clinical endpoint(s). Reasonably accepted surrogate 

endpoints differ from generally accepted surrogate endpoints in the amount of supporting 

literature validating them as reflective of changes in clinically meaningful benefit. They are 

often measured earlier than irreversible morbidity and mortality (IMM) and reflect an effect 

on IMM or other clinical benefit. They may be clinical endpoints or biomarkers. The need 

for biomarker development to identify populations of interest and validate endpoints have 

been recently reviewed 3. Interested readers are also referred to FDA publications on such 

endpoints:

See the Guidance for Industry - Expedited Programs for Serious Conditions - Drugs and 

Biologics, at: http://www.fda.gov/downloads/drugs/

guidancecomplianceregulatoryinformation/guidances/ucm358301.pdf

There is however a caveat when using the accelerated approval pathway and reasonably 

accepted surrogate endpoints that sponsors must complete a post-marketing trial to 

demonstrate that the improvement in the surrogate endpoints actually translates in to 

clinically meaningful benefit to patients.

The issue of surrogate endpoints is of considerable relevance for both AH and NASH 

because it drives the populations to be studied, the study design itself, endpoint construction 

and analysis. The acceptance of an endpoint as a generally accepted versus reasonably likely 

to predict surrogate is largely in the domain of regulatory agencies. Current interactions 

between academia and regulatory authorities particularly in the area of drug development for 

liver diseases have been productive and the addition of the Liver Forum (http://

www.hivforum.org/projects/drug-development/liver-forum) to promote communication and 
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collaboration between multiple stakeholders especially academia and regulatory agencies 

has become a powerful catalyst to promote drug development for these unmet medical 

needs.

B. Integrating regulatory perspectives to drug development for AH

AH covers a clinical spectrum including relatively asymptomatic individuals who engage in 

risky drinking behavior and have a liver biopsy demonstrating steatohepatitis to severely ill 

individuals with jaundice, hepatomegaly, neutrophilia and a biopsy showing florid 

steatohepatitis and cholestasis and profound inflammatory and cellular injury 4-6. A large 

body of basic scientific literature on AH that have provided a potential plethora of 

therapeutic targets some of which are currently under evaluation (Figure 1). However, there 

remain gaps in knowledge some of which are particularly germane to the development of 

therapeutics for AH 7.

A key first step in formal drug development for AH is to define the condition clearly and 

determine the specific target population to be studied to gain clarity on what can be 

reasonably expected from a therapeutic intervention 7. While many patients already have AH 

superimposed in alcohol-related cirrhosis, others may develop it in pre-cirrhotic stages of 

alcohol-related liver disease 5. The latter can be associated with variable clinical and 

laboratory features 8. Indeed typical steatohepatitis due to alcohol can be seen is relatively 

asymptomatic individuals in an ambulatory care setting. On the other hand, the typical 

subject who is hospitalized with AH is often jaundiced and has hepatomegaly, neutrophilia 

and right upper quadrant tenderness. The liver histology in such cases not only has features 

of steatohepatitis but also has additional findings of cholestasis and more florid 

inflammation 9. A major barrier for regulatory development is a common nomenclature 

system that does not clearly separate these rather different phenotypes let alone identify 

intermediate phenotypes. Furthermore, a lack of high quality longitudinal data linking 

clinically meaningful patient-centered outcomes to the initial clinical-histological-

molecular-genetic subpopulation adds to potential heterogeneity in terms of disease severity, 

disease mechanisms and response to therapy making it more difficult to cleanly demonstrate 

clinically meaningful benefit in this population.

Current therapeutic approaches, largely in academic centers, have focused on the sickest 

patients with AH using the Maddrey index and MELD score 10. While these scores identify 

the sickest individuals, it is not always feasible to exclude decompensated cirrhosis with 

sepsis without a liver biopsy. There are several challenges with performing these in this sick 

population which makes it more difficult to engage in large-scale trials. Furthermore, the 

emphasis on these scores have been a disservice to those with lesser severity of disease who 

are often allowed to progress to more florid disease. Better delineation of the varying 

clinical-histological phenotypes and the underlying genetic and physiological mechanisms 

driving disease severity and progression is now required to develop focused trials of specific 

interventions in specific populations with focused specific objectives that are linked to 

disease biology and the target of intervention. These will also open new therapeutic 

opportunities for those with AH and a Maddrey index of 20-31, development of primary and 
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secondary prophylaxis of AH and the use of anti-fibrotic agents to reduce severe fibrosis in 

those who have recovered from acute AH.

Both behavior and physiology determine the development of AH and its ultimate outcome. 

While sepsis and inflammation are critical determinants of short-term outcomes, the long-

term outcomes are linked to continued alcohol consumption 11, 12. Thus, drugs targeting 

inflammation alone without additional interventions to reduce long-term recidivism are 

unlikely to have longterm benefit. The regulatory implications of this is that the study 

duration, choice of endpoint and when it is measured must be related to the mechanism of 

action of the intervention. The lack of a regulatory pathway to evaluate integrated 

therapeutic approaches remains a major barrier to drug development for AH. It is hoped that 

greater collaboration between regulatory agencies, academia and other stakeholders in the 

future will allow these issues to be resolved. Clinical trials for AH must also include 

assessment of drug safety. While general guidance for assessment of drug safety is 

important, a critical unmet need at this time is the development of minimal evidentiary 

thresholds for stopping further therapeutic development based on safety concerns in early 

phase trials for AH. Also, there is no formal guidance of the types of safety data and the 

time course over which it has to be studied when the intestinal microbiota are targeted for 

AH.

C. Integrating regulatory science in to drug development for NASH

In contrast to AH, there has been considerable recent activity in developing pathways for 

drug approval for NASH. This was catalyzed by a joint workshop between the American 

Association for Study of Liver Diseases and the FDA the outcomes of which have been 

published 3. Briefly, two broad categories of patients with NASH with varying treatment 

objectives are being targeted for therapeutic development. These include those with 

established cirrhosis and those with precirrhotic stages of NASH.

In those with cirrhosis, there is an approximately 4% annual risk of decompensation 13. 

Individuals who are otherwise clinically compensated but have a MELD score > 10 or have a 

hepatic venous pressure gradient > 10 mm Hg have a higher risk of decompensation up to 

20% within 2 years and can be targeted for therapeutics in this context 14, 15. Clinically 

meaningful benefit can be evaluated in such patients from mortality or by rates of hepatic 

decompensation which is characterized by onset of ascites or variceal hemorrhage or 

encephalopathy. Drugs targeting oncogenesis will need to demonstrate a decrease in 

hepatocellular cancers in this high risk population. Current literature suggests that while the 

total number of subjects at risk due to NASH are higher than those with hepatitis C, the rates 

of cancer development in NASH are somewhat lower than in hepatitis C 2, 16. There is also a 

possibility of a subpart H accelerated approval for individuals with compensated cirrhosis 

based on the use of reasonably accepted surrogate endpoints such as hepatic venous pressure 

gradient rise from below 10 mm Hg to above 10 mm Hg but would necessitate a post-

marketing trial to demonstrate clinically meaningful benefit.

In those with pre-cirrhotic stages of NASH, there is controversy about the best populations 

to be targeted and how to demonstrate clinically meaningful benefit given that the natural 
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course of the disease progresses over decades and is marked by both progression and 

spontaneous regression. Given these difficulties, progression to cirrhosis is being considered 

as a generally accepted endpoint for full approval. However, even the progression to 

cirrhosis takes many years and many trials are using the subpart H pathway with a histology 

based endpoint as a reasonably accepted surrogate endpoint for approval. Composite 

endpoints of resolution of steatohepatitis without any worsening of fibrosis or one point or 

more improvement in fibrosis score (NASH/CRN fibrosis scale) with no worsening of 

steatohepatitis, have been suggested as minimal requirements for surrogate endpoints in 

NASH trials in precirrhostic populations3. Recently, the FDA has agreed to the use of a co-

primary endpoint consisting of the two composite endpoints listed above for a pivotal trial 

for obeticholic acid for NASH (from NCT # 02548351, clinical trials.gov).

Current literature indicates that fibrosis stage is a robust biomarker of the risk of disease 

progression to cirrhosis and mortality 17. Therefore, subjects with NASH and some degree 

of fibrosis with enrichment of the population with those with bridging fibrosis is a strategy 

being employed in some advanced level clinical trials. This will permit both the shorter term 

assessment of liver histology for subpart H approval but also set the stage for long-term 

extension trials to demonstrate decreased risk of progression to cirrhosis as required for 

approval via the subpart H pathway.

D. Future trends in regulatory science development for AH and NASH

There is considerable momentum driving drug development for NASH. It is related to the 

success of recent clinical trials, interest by the pharmaceutical sector and a serious 

engagement between the FDA, European Medical Agency, academic and industry partners 

to identify barriers and to develop solutions to overcome such barriers via The Liver Forum. 

It is anticipated that current efforts to harmonize methods and case definitions across trials 

will allow pooling of placebo data to develop a robust model of disease progression across 

multiple stages of disease and in the presence of varying combinations of comorbidities that 

may impact progression. When this is accomplished, the thresholds for improvement that 

would obviate the need for long placebo controlled trials could be defined. Also, growth in 

biomarker science is also anticipated to further speed up development by allowing 

assessment of both efficacy and safety in shorter periods of time. Much of the advances in 

regulatory science can also be applied to AH although the challenges there are different than 

those in NASH. The recent efforts by the National Institutes of Addiction and Alcohol 

Abuse to address these issues in partnership with the FDA is very encouraging and will 

hopefully allow effective therapies for AH to also be brought to patients within the next 

decade.
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FIGURE 1: 
Pathophysiological drivers of alcoholic hepatitis are shown. Several of these are potentially 

targetable for therapeutics. Alcohol impairs the integrity of the intestinal barrier leading to 

enhanced endotoxemia and systemic exposure to bacterial products which activate the innate 

immune system and sensitize hepatic macrophages. Frequently following a bout of binge 

drinking there is increased endotoxemia and activation of severe hepatic inflammation and 

cholestasis along with liver injury and cell death. The intestinal barrier function (1), 

cytokines (2), bile acid-related cholestatic and immune-inflammatory pathways (3), genetics 

and inflammasome (4), and cell death modifying pathways (5) have been or are under active 

clinical investigation.
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TABLE 1:

SOME KEY BARRIERS TO DRUG DEVELOPMENT FOR AH AND NASH AND POTENTIAL 

SOLUTIONS

Barrier Alcoholic Hepatitis NASH Solution

General 
Barriers

• Social stigma
• Lack of awareness
• Lack of clear regulatory pathway

 • Lack of awareness Education

Populations • Lack of consensus Related to 
definitions and nomenclature
• Heterogeneity in terms of clinical-
histological-molecular phenotypes
• Lack of data linking well definited 
phenotypes to specific outcomes

 • Heterogeneity of populations 
with respect to risk of progression 
and natural history of precirrhotic 
versus cirrhotic stages of the 
disease

 • Alcoholic Hepatitis: collaborative 
efforts between NIAAA, academia and 
regulatory agencies.
 • NASH: distinct trial design and 
endpoints for those with precirrhotic vs 
cirrhotic NASH

Endpoints • Endpoints not cleanly linked to drivers 
of outcomes
• Timing of outcome measurement affects 
assessment of drug interventions
• Lack of validated endpoints other than 
mortality

 • Need for a liver biopsy to assess 
short-term outcomes
 • Lack of validated surrogate 
endpoints

 • Multi-stakeholder collaboration to 
validate clinical endpoints and natural 
course of disease for specific 
populations of subjects with alcoholic 
liver disease or NASH

Safety • DILI assessment is unclear
• Lack of clarity on safety assessment 
related to intestinal microbiome

 • DILI assessment is unclear
 • Lack of clarity on safety 
assessment related to intestinal 
microbiome

 • Collaborative multi-stakeholder 
effort to generate the evidence base to 
support guidance on safety assessment
 • Ongoing FDA efforts to generate 
guidance

Biomarkers • Gaps in knowledge related to distinct 
clinical-histological-molecular 
subpopulations

 • Lack of point of care assessment 
tool
 • Lack of validated PRO

  • Large cohort and case control 
studies accompanied by biomarker 
assessment
 • Assessment of novel biomarkers in 
circulation, urine, breath or stool
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