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1. What ? Is there a problem? YES!

2. So What? Why does it matter?

3. Now What ? How do we address this?



IS THERE A PROBLEM



HISTOLOGICAL ENDPOINT - CHALLENGES

Inter/intra 
observer 
variability

Sampling 
variability

Various central 
reading processes 
across programs

Different scoring 
systems

Core size, length, 
staining variability



CENTRAL READING – NON STANDARDIZED 
METHODOLOGY

Inclusion EOT

Consensus between 2 
Readers 

Consensus with a 
3rd Reader

Paired Reading, or Shuffle

2 Readers:
50-50%

No Consensus

2 Readers:
100% Consensus 

for every score

2 Readers:
100% No Consensus

(Eligibility if both readers agree)

Central Reading Methodology Differs Across Trials:
1 Reader, 2 Readers, 3 Readers 

Need for improved reproducibility & 
standardization of central reading

From 33% to 65% SF

Screen Fail on 
Liver Biopsy Across 

Trials 
(Phase 2 & Phase 3)



THE PLACEBO EFFECT
Semaglutide
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THE PLACEBO EFFECT
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HISTOLOGY SCORING – NASH CRN

Kleiner et al for NASH CRN Hepatology 2005;41:1313-1321

BUT
 Focus of paper on reader concordance
 No clear definitions for scoring
 e.g. ballooning
 ‘None’, ‘few’, ‘many’
 3 balloon cells per High Power Fields vs
 3 balloon cells per 10 High Power Fields 

 Better suited for diagnosis than clinical trial 
use?

NAFLD 
Activity Score 
…”unweighted 

sum of…”

Steatosis: 0-3

Lobular 
inflammation: 0-3

Ballooning: 0-2

Fibrosis: 0-4



REGENERATE PHASE 3 TRIAL

NASH Resolution with No Worsening of Fibrosis

Primary Endpoint

Primary endpoint definition:
(i) overall pathologist assessment of “no steatohepatitis,” and (ii) hepatocellular ballooning = 0 and lobular inflammation = 0 or 1, and (iii) no increase in fibrosis stage from baseline.
Study success was defined as achievement of one of the two primary endpoints evaluated in the Month 18 interim analysis.
*Post-hoc analysis with endpoint defined as: (i) overall pathologist assessment of “no steatohepatitis,” and (ii) no increase in fibrosis stage from baseline. 
P values are nominal. ITT population (N=931).
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EMMINENCE PHASE 2B TRIAL
Histological Improvement (2 point) in NAS with no Worsening of Fibrosis

Primary Analysis
Re-Read, Observed Data

Post Hoc Analysis
Qualifying, Missing as non-responder
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P value for dose as a linear predictor= 0.076 P value for dose as a linear predictor= 0.022

The reduction in NAS must include at least a 1 point reduction in either ballooning or inflammation 
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SUBOPTIMAL RELIABILITY OF LIVER 
BIOPSY EVALUATION HAS IMPLICATIONS 
FOR RANDOMIZED CLINICAL TRIALS

EMMINENCE  phase II study (insulin sensitizer: MSDC-0602K)
339 patients / 678 biopsies (digitized slides) 

Overall inter-reader Comparison Weighted ĸ

Inflammation 0.328

Ballooning 0.517

Steatosis 0.609

NAS 0.495

Fibrosis 0.484

Davison BA J Hep 2020

Agreement between 3 pathologists ≈ 45% (inflammation, ballooning)
Agreement between 3 pathologists 12% for NAS and 69% for NASH diagnosis

 Full agreement for qualifying patients achieved in ≈ half of cases
More objective features ?



INTEROBSERVER HISTOLOGY SCORING

Davison B…. Dittrich H J Hepatol 2020; 73: 1322-1332

EMMINENCE  phase II study (insulin sensitizer: MSDC-0602K)

NASH Resolution with no worsening of fibrosis



INTEROBSERVER HISTOLOGY SCORING

Davison B…. Dittrich H J Hepatol 2020; 73: 1322-1332



INTEROBSERVER HISTOLOGY SCORING

“Kappas were poor for the diagnosis of NASH, its resolution and fibrosis 
improvement. 

Almost half of the patients would have been excluded from entry by 1 of the 
readers. 

Poor reliability allows improper entry, misclassification, and diminishes 
treatment effect”. 

Davison B…. Dittrich H J Hepatol 2020; 73: 1322-1332



COMPARISON OF ALPINE 2/3 DATA WITH 
COHORT 4 DATA

Placebo 1 mg Placebo 0.3 mg 1 mg 3 mg

Liver Fat Content −13% −39%** −15% −25% −38%*** −59%***

ALT −6% −49%*** −8% −25%* −40%*** −51%***

AST +1% −33%** −6% −18% −30%** −39%***

C4 −38% −88%*** −14% −64%** −86%*** −93%***

Fibrosis Improvement 18% 38% 19% 31% 15% 30%

NASH Resolution 9% 24% 6% 11% 18%* 22%*

Both of Above 0% 22%* 3% 11% 9% 14%*

1 Harrison et al., Gastroenterology. 2021;160:219-231; C4 values shown are median values

Cohort 4 1 ALPINE 2/3

Non-invasive

Histology

***P<0.001, **P<0.01, 
*P<0.05 vs PBO In ALPINE 2/3, non-invasive data were robust and consistent with previous studies

 However, discrepancy appeared in histology data, and fibrosis endpoint in particular



WHY DOES IT MATTER?
Screen fail rates on biopsy remain high

• Screen fails in Ph2b and Ph3 trials are costly
• Delays enrollment timelines- adding to cost



SCREEN FAILURE RATE IN TRIALS
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SCREEN FAILURE RATE IN TRIALS

“The majority of patients considered at risk of NASH and 
fibrosis in randomized controlled trials are ineligible for trial 

entry. Most often, this is due to ineligible liver histology.”



SCREEN FAILURE – AVERAGE FROM TRIALS

22

32%
20%

33%
-

65%

FAILED SCREENING LABS FAILED IMAGING QUALIFICATION FAILED LIVER BIOPSY

Top reasons for Lab SF:
• AST/ALT
• HbA1c
• Bilirubin
• eGFR

Up to 65% SF on biopsy
• Lack of ballooning
• NAS < 4
• Lack of fibrosis



HOW CAN WE 
ADDRESS THE 
PROBLEM?



2022: NASH DRUG DEVELOPMENT FOCUS

Hit the Bull’s Eye: 
FDA Registration Histological Endpoint

NASH Resolution
Resolution of steatohepatitis on
overall histopathologic reading and
no worsening of liver fibrosis

AND/OR
Fibrosis improvement 
≥ 1 fibrosis stage and no worsening 
of steatohepatitis

FDA. Draft Guidance. Noncirrhotic Nonalcoholic Steatohepatitis With Liver 
Fibrosis: Developing Drugs for Treatment Guidance for Industry. December 
2018.

“Because of the slow progression of NASH, the FDA 
recommends liver histological improvements as 

endpoints reasonably likely to predict clinical benefit to 
support accelerated approval.”



CANEVHISTAL – MODEL OF 
HISTOPATHOLOGY IN NASH TRIALS
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Trough of Disillusionment

Flint Trial

Obeticholic acid, Elafibranor, 
MSDC-0602k, Aldafermin, Seladelpar

Plateau of Reason

Cochrane Valley 
of Despair

Or maybe- period of 
enlightenment? 

Consensus reads, larger core biopsies, 
central staining, assessment of more 
tissue, AI digital path

Drug 
development in 
NASH halted!

Obeticholic acid, Resmetirom, Lanifibranor, 
Semaglutide, Efruxifermin, Icosubutate, 

AXA1125, VK2809, PXL065, TVB2640, ION224



IMPACT OF BIOPSY READING PROCESS ON 
SCREEN FAILURE RATE

AfterAfter BeforeBefore

New reading process:
3 H&E vs 1

New reading process:
3 H&E vs 1 + Consensus Read

30 to 50% of 
“rescued” patients 
after biopsy re read



THOUGHTS ON IMPROVING HISTOLOGICAL 
ASSESSMENT

Histopathologic Requirement

Look at more tissue (why only 1 H&E and 1 Trichrome)?

Refine NASH diagnosis; Modify ordinal fibrosis scoring system?

More than 1 pathologist- utilize panel review: 2 readers plus one adjudicator

AI Digital pathology to augment ordinal scale pathology reads

Consider using SAF instead of NASH CRN Histopathologic Interpretation

Focus on development of NITs linked to long term outcomes

ELF, MRI-cT1, MRE, etc

27



Wrap up

- Grapes must be crushed to make wine
- Diamonds form under pressure
- Olives are pressed to release oil
- Seeds grow in darkness

Whenever you feel crushed, under 
pressure, pressed, or in darkness, you’re 
in a powerful place of transformation

TRUST THE PROCESS
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