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OUTCOME IN NASH TRIALS: 
From histology & “hard outcomes”  
to less invasive reliable surrogates  
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• Enriching populations for clinical trials 

 

• Surrogate endpoints for response to novel agents 

Outline 



• Based on liver histology (<6-12 mo) 

– NASH defined by NAS ≥3-4 

– Fibrosis stage >1 targeting F3-F4 

 

• High screening failure rate: 40 – 60% 

– Mainly related to liver histology 

Current situation in clinical trials 
Eligibility criteria 



 # 3–6 million! 

Patients 

 # 400 

Hepatologists 

 # 40 

Pathologists 

Diagnosing NAFLD with liver biopsy:  
not realistic given the burden of disease! 



The patient perspective ! 



 « Physical » approach 

Liver stiffness CAP / TE PDFF / MRE 

Available non-invasive tests 
2 different but complementary approaches  

Serum Biomarkers 

« Biological » approach 

• BARD score 

• NAFLD score 
(NFS)  

Specific 

• AST/ALT ratio 

• APRI 

• FIB-4 

• FibroTest® 

• ELF® 

• FibroMètre® 

• Pro-C3® 

Non Specific 

Castera L, Friedrich-Rust M, Loomba R. Gastroenterology;  in revision  



Non-Invasive Tests:  
recommended by international guidelines 

 Chairs 
- EASL: Laurent Castera 

   Henry Chan 

- ALEH: Marco Arrese 

 Panel members 
- Nezam Afdhal (USA) 

- Pierre Bedossa (FR) 

- Mireen Friedrich-Rust (GE) 

- Kwang-Hyub Han (KO) 

- Massimo Pinzani (UK) 

 
 
 
 
 

EASL CPG guidelines J Hep 2015: 63: 237-64  



 

 

 

 
Can non-invasive tests detect  

and grade steatosis? 



Currently available techniques 

VCTE 

CAP MRI- PDFF 



 
 

• Point-of-care 
• Low cost & wide availability 
• Low Failure rate (XL probe) 
• Measurement of LS  

• Advantages 

PDFF 
 

 

• High accuracy 
• Gold standard 
• No failure 

• Advantages 

CAP 

•  Disadvantages 
• Lower accuracy 
• No consensual cut-offs  
• Limited longitudinal data 

•  Disadvantages 
 

• Cost & availability  
• Requires an MRI facility 
• Limited longitudinal data 

CAP vs. PDFF 
Summary 

Castera, Friedrich-Rust & Loomba. Gastroenterology; in revision 



 

 

 

 
Can non-invasive tests differentiate  

NASH from simple steatosis? 



Serum biomarkers for differentiating 
NASH from simple steatosis 

Vilar-Gomez E, Chalasani N. J Hepatol 2018;68:305–15 

Currently, none of the serum biomarkers available  

are sensitive and specific enough to differentiate 

NASH from simple steatosis   



MRE and TE for diagnosing NASH 

Chen et al. Radiology 2011; Loomba et al. Hepatology 2014; Loomba et al. Am J Gastro 2016 
 Imajo et al. Gastro 2016; Lee et al. Plos One 2016; Park et al. Gastro 2017 

Author Patients 
n 

MRE/T
E 

NASH F3-F4 Cut-offs 
(kPa) 

Se / Sp 
(%) 

Accuracy 
 

Chen 2011 58 MRE 62% 19% 2.90 83 / 82 0.93 

Loomba 2014 117 MRE 91% 19% 3.26 42 / 92 0.73 

Loomba 2016 100 MRE-2D 
MRE-3D 

87% 15% 2.92 
2.42 

- 
- 

0.75 
0.76 

Imajo 2016 142 MRE 76% 32% - - 0.81 

TE - - 0.80 

Lee 2016 183 TE 51% 15% 7.0 86 / 58  0.75 

Park 2017 104 MRE 73% 20% 2.53 64 / 68 0.70 

TE 5.6 61 / 59 0.35 

 

Neither MRE or TE can reliably 
discriminate NASH from simple steatosis 

 



 

 

Can non-invasive tests identify 

NAFLD patients  

with advanced fibrosis? 



Serum biomarkers for advanced fibrosis 
non patented 

. 

Castera L, Vilgrain V & Angulo P. Nat Rev Gastro & Hepatol  2013; 10:666-75 

Better at ruling out than ruling in 
advanced fibrosis 

 



Serum biomarkers for advanced fibrosis 
patented 

. 

Wong et al. Nat Rev Gastro & Hepatol  2018; 15:461-77 

Lack of external validation  
Slight improvement in accuracy 

 but widespread application limited 
by cost and availability   

 



Serum biomarkers performance  
meta-analysis 

. 

Xiao et al. Hepatology  2017; 66: 1486-501 

Meta-analysis 

66 studies; n= 13046 patients 

NAFLD Fibrosis Score and FIB-4 are 
the most accurate and best validated 

 



Patients with suspected NAFLD 

No further 
assessment 

 Repeat evaluation  
at 1 year?  

Attempt lifestyle 
modifications 
 and exercise 

Rule-out other causes 
of liver disease 

 

(OH, HBV, HCV) 

1st line:  GP / Diabetologist 

Rule-out advanced fibrosis 
FIB-4 or NAFLD Fibrosis Score 

2nd line: Hepatologist  

FIB-4 < 1.3 
NFS < -1.455 

Low risk 

FIB-4 ≥ 1.3   
NFS ≥ -1.455 

Intermediate to high risk 



TE for diagnosing F3-F4 in NAFLD 

. 

Xiao et al. Hepatology  2017; 66: 1486-501 
23 studies; n= 3863 patients 

Meta-analysis 

Sum AUROCS: 0.94 

Sum Se:  
87% 

Sum Sp:  
86% 

Sum AUROCS: 0.88 

F3-F4 F4 

Sum Se:  
88% 

Sum Sp:  
86% 

 

TE has high accuracy for F3-F4  
evidence based on high 

number of patients (#4000) 
 



8.0 

Which cut-off for advanced fibrosis? 
Dual cut-off strategy 

2 75 

Petta et al. APT 2017; 46 : 617-27 Tapper et al. Am J Gastroenterol 2016; 111: 677-84 

R; N=761 NAFLD patients; XL probe P ; N=164 NAFLD patients; M probe 

10.0 
F < 3  

94-100% 

41-48 % 6-16 % 

F ≥ 3 
46-64% 

27-36 % 



MRE for diagnosing F3-F4 in NAFLD 

Chen et al. Radiology 2017; Park et al. Gastro 2017; Loomba et al. Am J Gastro 2016 
 Imajo et al. Gastro 2016; Loomba et al. Hepatology 2014; Cui et al. APT 2015 

Author Patients 
n 

BMI F3-F4 Cut-offs 
(kPa) 

Se / Sp 
(%) 

Accuracy 
 

Failure 
(%) 

Chen 2017 111 40.3 20% 3.6 84 / 83 0.92 4.5 

Park 2017 104 30.4 17% 3.0 78 / 80 0.87 0 

Loomba 
2016 

100 32.1 15% 3.8 80 / 95 0.92 0 

Imajo 2016 142 28.1 32% 4.8 75 / 87 0.89 0 

Loomba 
2014 

117 32.4 19% 3.6 82 / 90  0.92 0 

Cui 2015 102 31.7 19% 3.6 92 / 90  0.96 0 

Total 676 

 

MRE has high accuracy for F3-F4  
but evidence based on a limited  

number of patients (<700) 
 



Comparison between TE and MRE  
for F3-F4 in NAFLD 

Author Patients MRE/T
E 

BMI F3-F4 Cut-offs 
(kPa) 

Failure Accuracy 
 

p 

Imajo 2016 142 MRE 28.1 32% 4.8 0% 0.89 NS 

TE  
(M) 

11.4 11% 0.88 

Park 2017 104 MRE 30.4 20% 2.9 0% 0.87 NS 

TE  
(M/XL) 

7.3 6.7% 0.80 

Chen 2017 111 MRE 40.3 20% 3.6 4.2% 0.92 NS 

TE 
(M/XL) 

7.6 18.6% 0.87 

Total 357 

Imajo et al. Gastro 2016;  Park et al. Gastro 2017; Chen et al. Radiology 2017.   

 

MRE and TE have similar accuracy 
Less failure with MRE (0- 4.2 vs 6.7-18.2%)   

Limited number of patients (#350) 
 



Comparison between TE and MRE in NAFLD 
meta-analysis 

Hsu et al. CGH 2018; in press   

N=3 studies;  230 patients with biopsy-proven NAFLD  



Tech Fat 
 

Evidence 
in NAFLD 

Counfounders 
 
Inflam  obesity   other 

Quality 
criteria 

Failure 
 

Cost POC 

TE Yes 
CAP 

N=25 
3862 

++ ++ 
XL 

Steatosis? Well defined 
IQR/M<30% 

3-27% € Yes 

MRE Yes 
PDFF 

N=6 
676 

+ - Iron Not well 
defined 

0-2% €€€ No 

TE vs. MRE 
Advantages and limitations  

Adapted from Castera, Friedrich-Rust & Loomba. Gastroenterology; in revision 



Screening patients for NASH trials 
FS3 score = CAP + LSM + AST 

. 
Sasso et al. AASLD 2018 

Target = NASH patients with NAS>4 and F>2  

  

DERIVATION COHORT EXTERNAL VALIDATION COHORTS 

Development 
population 

Bootstrap  
validation 

Malaysian  
NAFLD 
cohort 

US screening  
cohort 

French 
bariatric  
surgery 
cohort 

Pooled 

N 335 335 231 193 110 534 

Prevalence of 

NASH+NAS≥4 

+F≥2 

166 (50%) (44%-55%)* 53 (23%) 24 (12%) 17 (15%) 96 (18%) 

AUROC 
 (95%CI) 

0.83  
(0.78-0.87) 

0.83  
(0.78-0.87) 

0.85  
(0.80-0.91) 

0.91  
(0.86-0.96) 

0.93  
(0.89-0.98) 

0.88  
(0.85-0.91) 



Rule-in advanced fibrosis 
Transient Elastography 

Patients with suspected NAFLD 

LSM < 8 kPa 

Low risk Intermediate to high risk 

LSM ≥ 8 kPa 

Eligible for therapeutic trial? 
 

Attempt lifestyle modifications and exercise 

Consider repeat 
evaluation (1 year)  

No further 
assessment 

 Repeat evaluation  
at 1 year?  

Attempt lifestyle 
modifications 
 and exercise 

Rule-out other causes 
of liver disease 

 

(OH, HBV, HCV) 

1st line:  GP / Diabetologist 

Rule-out advanced fibrosis 
FIB-4 or NAFLD Fibrosis Score 

Consider Liver Biopsy 

2nd line: Hepatologist  

Consider MRE,  
2D SWE or ARFI 

according to  
local availability 

Failure  
(XL probe)  
3.0- 6.7% 

FIB-4 < 1.3 
NFS < -1.455 

Low risk 

FIB-4 ≥ 1.3   
NFS ≥ -1.455 

Intermediate to high risk 



Use of TE / MRE in NAFLD 

TE-CAP   MRE-PDFF 

Triage  
in large  

unselected 
populations 

Assessment  
& follow-up  
In selected 

populations in 
clinical trials 

Best used as an integrated system  
to allow more efficient evaluation  

of patients with NAFLD 



• Enriching populations for clinical trials 

 

• Surrogate endpoints for response to novel agents 

Outline 



  

• Regression of fibrosis (at least 1 stage) without 
worsening of NASH is the usual primary endpoint 
In Phase 3 trials. 

Endpoints in Clinical Trials 



Liver stiffness for fibrosis progression 

Fibrosis progression 



Boursier et al. J Hepatol 2016; 65: 570-78 

N= 360 NAFLD patients; f-up 6 yrs 

Liver stiffness (TE) has prognostic value  
in NAFLD 

Survival Complications 



Fibrosis regression 

? 

Fibrosis progression 

Is liver stiffness a good surrogate of 
fibrosis/cirrhosis regression ? 



 

 

 

 
What have we learned from 

 the Viral Hepatitis field ? 



Singh et al. Clin Gastroenterol Hepatol 2018; 16: 27-38 

Meta-analysis: 24 studies; N=2934 HCV patients;  DAA n=10   

Liver stiffness (TE) decreases with SVR 
In HCV patients 

Caveats of available studies 

• Mostly retrospective 

• Small sample size 

• Many IFN-based treatment 

• Short follow-up 

• No paired liver biopsy 

 



Variation > 30%   34% 

Variation > 50%   12% 

Variation > 20%   50% 

Variability of repeated TE measurements 

Nascimbeni et al. Clin Gastroenterol Hepatol 2015;13: 763-771.e6 

531 paired liver stiffness measurements  < 1 year from 452 patients 



N=534 HBV patients treated with telbivudine; 164 with paired biopsies   

2-phase decline of liver stiffness under NUC 
Role of inflammation 

Liang et al. J Viral Hepat 2018; in press 



• In viral hepatitis, eradication or virosupression is 
associated with decrease of liver stiffness over time. 
 

• In the absence of paired liver biopsies, it is difficult 
to discriminate whether this is related to 
improvement in inflammation or fibrosis. 
 

• Liver stiffness cannot be currently used as a good 
surrogate of cirrhosis regression. 
 

• No standardized definition of liver stiffness 
improvement is available and no correlation with 
clinically relevant hard endpoints has been shown. 

Summary 



Patel et al. CGH 2017; 15: 463-4 

N= 39 treated NAFLD patients; MRE BL and 6 mo 

Liver stiffness decrease (MRE) with  
weight loss in NAFLD ? 

Liver stiffness Transaminases 



Jayakumar et al. J Hepatol 2018; in press 

N= 54 NAFLD patients with MRE and biopsies at baseline and week 24  

Liver stiffness decrease (MRE) according to 
fibrosis improvement (1 stage) 



Jayakumar et al. J Hepatol 2018; in press 

N= 54 NAFLD patients with MRE and biopsies at baseline and week 24  

PDFF decrease according to NASH and 
steatosis improvement (1 stage) 

Steatosis NASH 



Han et al. CGH 2018; in press 

N= 39 studies; 1463 patients NAFLD patients; 61 with MRI-PDFF 

Changes in MRI-PDFF in placebo 
Meta-analysis 



• >5% absolute reduction ? 
 

• >30 relative reduction ? 
 

• Is it associated wih histological 
improvement?  

Endpoints in early phase 2 development 
Which MRI-PDFF cut-offs? 



• Serum biomarkers have limited value for enriching 
populations for clinical trials 
 

• No highly sensitive and specific blood tests neither 
imaging modality can reliably discriminate NASH from 
simple steatosis 
 

• TE is useful to identify NAFLD patients with advanced 
fibrosis, who are at the greatest risk of disease 
progression and appears as the method of choice  
 

• The added value of CAP is currently under 
investigation  

Take home messages (1) 



• MRI-PDFF is the most accurate method for detection 
and grading of steatosis and seems sensitive to 
changes. Relevant cut-offs for steatosis improvement 
remain to be defined and validated 
 

• MRE appears as the tool of choice for assessing 
treatment response but value of liver stiffness as a 
surrogate of fibrosis regression remains to be 
demonstrated 
 

• Liver stiffness decrease needs to be correlated with 
hard clinical outcomes 

Take home messages (2) 



Thank You ! 
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