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• If we start with Stage 2-3 disease, 
progression to cirrhosis is the 
principal outcome we see within 5 
year time frame

Sanyal et al, Hepatology 2015
FDA draft guidance 2018



Scenario  1:  A NIT surroga te  
to  capture  progress ion  to  
cirrhos is
The FDA s trongly encourages  ongoing  work to  characte rize  NIT 
thresholds  tha t can  identify progress ion  to  cirrhos is  with  h igh  
sens itivity and  specificity – FDA MS Hepato logy 2025- Anania  e t a l



What is  cirrhos is?
cirrhos is  is  defined as  a  d iffuse  process  
characterized  by fibros is  and the  
convers ion of norm al live r a rch itecture  
in to  s tructura lly abnorm al nodules .

• Fea tures  of cirrhos is :
• Parenchym al nodules  separa ted  by 

fib rous  sep ta

• Diffe rences  in  liver ce ll s ize  and  
appearance

• Fibrous  sep ta  with  abnorm al lobu la r 
a rch itecture

• Altered  a rch itecture  and  vascu la r 
re la tionsh ips  without sep tum  form ation  
(th rom bos is , recana liza tion  of ve ins)

“The  precise  po in t a t which  pre-cirrho tic 
changes  becom e es tab lished  cirrhos is  cannot 
a lways  be  de te rm ined” . 

Anthony et al, Bull WHO, 1977; 55:521-540

Anthony et al, Bull WHO, 1977; 55:521-540

• Fibrosis stage is not 
synchronized and covers a 
spectrum of both fibrosis 
severity and distribution

• 20% + of stage 3 may have 
stage 4 disease 



The evidence  burden  needed  to  cons ider a  b iom arker 
as  a  surroga te  ou tcom e endpoin t needs  to  be  m et

An endpoint supported by a clear 
mechanist ic rat ionale and clinical data 

providing strong evidence that an effect  on 
the surrogate endpoint  predicts a specific 

clinical benefit . 

Elastography
Measures of fibrosis or fibrogenesis
Measures of liver function/health
Imaging for nodularity and altered blood flow

An opportunity to combine measures to develop a composite 



Tipping  poin t hypothes is
Stage 3 Stage 4

Normal HVPG HVPG 5-10 HVPG > 10 HVPG > 20

nodularity

Loss of liver function

Systemic inflammation-vascular changes
- vasodilation, activation of RAAS, Na retention
- Bacterial translocation, systemic inflammation
- Sarcopenia, metabolic inflexibility
- Neurocognitive decline

Decompensation probability

Current systems do 
not capture the full 
picture resulting in 
heterogeneity in 
populations

Biology of 
decompensation events 
vary



The toolkit ava ilab le  to  capture  progress ion  to  cirrhos is

Characteristics that change Measures with large bodies 
of data to support
Prognostic and disease 
monitoring COUs

Potential additional 
approaches- need more 
data

Fibrosis • Histology
• NIT reflective largely of 

fibro-inflammation (LSM, 
ELF etc.)

• Hot and cold fibrosis 
related endotypes

Structure - • nodularity

Vascular • HVPG • Collaterals-EUS based 
measures

• Spleen size/pulsatility
• Spleen stiffness

Functional • Synthetic dysfunction
• MELD

• Breath tests
• Gadoxetate clearance



Som e cha llenges

- False  nega tives  an  is sue  with  h igh  specificity cu toffs
- Cirrhos is  m ay exis t a t LSM range  10-20 Kpa
- Pla te le t change  takes  tim e  and  m ay occur a fte r progress ion  

to  cirrhos is
- Im aging  findings  of porta l hypertens ion  occur a fte r 

cirrhos is  deve lops



Issues  re la ted  to  va lida ted  surroga te  endpoin t

Evidence base

Biological plausibility

Epidemiological data

Trial data MOA 
dependency

How much data is needed?

Scientific Consensus
- Delphi process
- Position papers

Progression to cirrhosis
- Not the same as 

diagnosis
- Different people may 

start at different points in 
disease course so 
baseline may be different

- What is the reference 
standard for validation?

- What should be the 
optimum sensitivity and 
specificity, consider 
around 75% sensitivity 
and 75% specificity



Scenario  2: Link NIT to  clin ica l 
ou tcom es  and  dem ons tra te  change  
in  NIT predicts  change  in  outcom e 
profile



Hypothetical model of NIT trajectory related to 
disease progression 

NIT changes in absence of treatment (red ∆) predicts increased probability of disease progression, 
while treatment induced changes in NIT (blue ∆) associated with a reduction in disease progression 

How to develop a 
validated surrogate
- Is a non-invasive 

profile or linkage 
to outcomes 
acceptable?

- Slope of change vs 
absolute or % 
change



Measuring  change- VCTE LSM

Histology

LSM-VCTE
LSM: <10 vs 10 to <20 vs ≥20 kPa

IPDMA 2,518 patients from 25 studies, median follow-up of 57 months. 
145 (5·8%) all-cause mortality/LRE outcomes.

Progressors - Baseline LSM < 10 kPa (N=918)

Progressed to LSM ≥ 10 kPa

Maintained LSM < 10 kPa

Regressors - Baseline LSM ≥ 10 kPa (N=485)

Maintained LSM ≥ 10 kPa

Regressed to LSM < 10 kPa

[1] Gawrieh et al. J Hepatol 2024.[1] Mozes et al.. Lancet Gastroenterol Hepatol 2023;8:704-713. 



A proposa l for LSM based  surroga te  
endpoin t- applicable  for RLSE and  VSE

• Assume distribution at baseline is 
similar (10-20 Kpa)

• Endpoint validation Hypothesis: A 
left shift in distribution over time 
indicates less risk of outcome

• Hypothesis to be tested in phase 3-
4:  The distribution will become left 
shifted with active treatment

• Alternate hypothesis in trials: less 
proportion of people progressing to a 
high risk status



Change  in  ELF score  is  associa ted  with  d iffe ren tia l LRE risk

2071 Patients with F3-F4 
MASH

with ELF measurement at 
baseline and 1 year

Large changes in ELF 
are unlikely to 

significantly increase 
LRE risk if baseline ELF 

score is low.

Conversely, LRE risk is 
sensitive to small 

changes in ELF score if 
baseline ELF is high.

Courtesy- Matthew Gee
For educational and scientific exchange only. Not for sales or promotional use.



NIT concordance  increases  prognos tic perform ance

Group At Risk (Events)
0 988 (0) 964 (2) 858 (5) 296 (7) 48 (7) 24 (7) 6 (7)
1 291 (0) 282 (3) 213 (8) 77 (15) 7 (15) 3 (15) 0 (15)
2 152 (0) 147 (3) 108 (6) 37 (13) 4 (13) 1 (13) 1 (13)
3 84 (0) 72 (10) 48 (20) 11 (22) 3 (22) 3 (22) 0 (22)

Fig. 2. Kaplan-Meier curves for event-free probability of liver-related outcomes. Risk stratification based on 
the number of NITs at or above cutoffs of ELF ≥11.30, VCTE ≥30.0 kPa and FIB-4 ≥3.48. Group 0 (Green): All 3 
NITs below cutoffs; Group 1 (Orange): 1 NIT at or above cutoff; Group 2 (Red): 2 NITs at or above cutoffs; 
Group 3 (Purple): All 3 NITs at or above cutoffs

Gee, Sanyal et al- MS under review, presented at AASLD 2024

NIT criteria for enrollment:

• Evidence of MASLD- MRI-PDFF > 5% 
or CAP > 280 db/m

• 3 NIT concordant for being above 
cutoff

• FIB-4:  > 1-2.6
• LSM by VCTE: 9-20 Kpa
• ELF: 9- 10.5 Kpa



Issues  re la ted  to  va lida ted  surroga te  endpoin t

Evidence base

Biological plausibility

Epidemiological data

Trial data MOA 
dependency

How much data is needed?

Scientific Consensus
- Delphi process
- Position papers

NIT reflecting outcome risk
- Will allow risk 

stratification at baseline
- How much of a change is 

a real change?
- What is the clinical 

meaning of a change?
- How to integrate 

baseline values?
- Consider absolute 

change vs % change vs 
slope of change vs a 
composite



Cons tructing  the  endpoin t- learn ing  from  anti-obes ity 
m edica tion  drug-developm ent

New generation anti-obesity medications should have the ability1:  
• To safely produce an average of >10% placebo-subtracted weight loss in randomized clinical trials (i.e. over that 

attributable to lifestyle interventions) in the majority of patients or
• To safely produce a ≥15% weight loss in over half the patients as an adjunct to lifestyle

Having a wide range of therapeutic options enables treatments to be tailored to individual needs
AOM, anti-obesity medication. 1. Garvey. J Clin Endocrinol Metab 2022;107:e1339.

Entry level Endpoints Road map for future

FIB-4 1-2.6 % change Slope of change similar to that for eGFR

VCTE-LSM 9 or 10-20 30% change 
30% + 5 Kpa
30% + proportion < 10 Kpa

Proportion with 30% change vs 
individual change vs mean change 
across groups and placebo corrected 
change (> some threshold), Slope of 
change

ELF 9-10.5 0.5 or 0.75 absolute 
change
% change

Slope of change
Opportunities exist to develop hierarchical endpoints based on rank ordered ordinal measures linked to 
risk of clinically meaningful outcome



Scenario  3: Be  d is ruptive  and  
m easure  clin ica lly m eaningfu l 
benefit in  innova tive  m anner!



Cons ider an  ord ina l ou tcom e for 
com pensa ted  cirrhos is
• Alive  with  cirrhos is  regress ion  and  no  events  without CSPH
• Alive  with  cirrhos is  but without events  or CSPH
• Alive  with  cirrhos is  but without events  but CSPH present
• Alive  with  cirrhos is  and  MELD > 15 from  < 12
• Alive  with  one  sentine l event (ascites , encepha lopa thy, 

b leeding)
• Alive  with  m ultip le  events  (can  we  include  CVS, cancer, 

eGFR here )
• Dead

SSLI at VCU



NIT based  progress ion  to  cirrhos is  can  be  
captured  opera tiona lly

• NITs  to  be  used  for progress ion  to  cirrhos is  m us t  be  
sca lab le  and  feas ib le  (access - a ffordability-pract ica lity) for 
w ide  spread  im plem enta t ion

• Ability of NITS to  capture  progress ion  to  cirrhos is :
• Capture  d isease  e lem ents  centra l to  its  b io logy tha t is  ta rge ted  by 

therapeutics
• Broad concordance  with  h is to logica l progress ion  
• Progress ion  crite ria  will cap ture  worsened  outcom e profile
• Sens itivity to  change



Thank you for your a tten tion

When in doubt keep climbing

SSLI at VCU
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