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Diagnostic biomarkers
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MR elastography: magnitude of complex modulus (|G*|), “shear stiffness”
as a diagnostic biomarker in NAFLD clinical trials

MultiScan: iron-corrected T1 (cT1)
as a diagnostic enrichment biomarker in NAFLD clinical trials

MultiScan-cT1 and MRE-stiffness
friend or foe?
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Detect or confirm disease, condition, 
or subtype of disease/condition

• Assess change in disease
• Verify exposure

Show biological response after 
intervention or exposure

Assess likelihood of favorable or 
unfavorable effect from intervention 
or exposure

Assess likelihood of clinical event, 
disease recurrence or progression

Assess toxicity related to 
intervention or exposure

Indicate potential for developing 
disease or condition Monitoring
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Safety

Susceptibility/
Risk 

Diagnostic

The FDA defines seven biomarker categories

Biomarker
categories
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MultiScan Iron-corrected T1 (cT1)

T1 T2*

Iron-corrected T1 
(cT1)

Acquired data

Free water content  
~extracellular fluid

Inflammation
Fibrosis

Iron correction



MultiScan Iron-corrected T1 (cT1)

T1 T2*

Iron-corrected T1 
(cT1)

Acquired data

Free water content  
~extracellular fluid

Inflammation
Fibrosis

Iron correction

Standardized across 
• Feld strength
• Scanner

Analyzed offline by PD
• Quality control
• Results reporting
• Rapid turn around



MultiScan cT1

Type of biomarker:
Diagnostic enrichment biomarker

Context of use
Diagnostic enrichment biomarker that can be used, in conjunction 
with clinical risk factors, to identify patients who are more likely to 
have liver histopathologic findings appropriate for inclusion in non-
alcoholic steatohepatitis (NASH) clinical trials



MultiScan cT1 Regulatory Status

Letter of Intent 
(LOI)

Initiates the qualification process of a biomarker for a proposed context of 
use (COU) in drug development

Qualification
Plan (QP)

Defines the intended development to generate the necessary supportive 
data to qualify the biomarker for the proposed COU

Full Qualification
Package (FQP)

Contains all accumulated data to support the qualification of the biomarker 
for the proposed COU

Qualification
Recommendation

Contains FDA’s determination on whether the biomarker is qualified for the 
proposed COU based on a comprehensive review of the FQP

✓

✓



MultiScan cT1 Evidence

EVIDENCE?

Can cT1 identify patients more likely to have liver histopathologic 
findings appropriate for inclusion in NASH clinical trials?



MultiScan cT1 Evidence: at least 4 relevant articles since 2020

2020

2021



Today

2020

2021



Today

2020

2021

N
• 543 NAFLD
• 100 normal controls

5 sites
• UK
• US
• Japan

2 MR biomarkers
• cT1
• PDFF

Biopsy reference



5 center-study: Anderson 2021 Clin Gastro Hepatol 34626833

MultiScan cT1 has AUC of 0.78 for “at-risk NASH”: NAS ≥ 4, F ≥ 2 

Sensitivity

Specificity

At-risk NASH

cT1 AUC = 0.78



5 center-study: Anderson 2021 Clin Gastro Hepatol 34626833

MultiScan T1 has 39-86% sens. & 56-90% spec. for “at-risk” NASH

Cutoff Sens Spec Youden

≥ 800 ms 86 56 142

≥ 825 ms 78 67 145

≥ 875 ms 59 81 140

≥ 900 ms 48 86 134

≥ 925 ms 39 90 129



5 center-study: Anderson 2021 Clin Gastro Hepatol 34626833

Cut-off of ≥ 875 ms has 59% sens. and 81% spec. for at-risk NASH

Cutoff Sens Spec Youden

≥ 800 ms 86 56 142

≥ 825 ms 78 67 145

≥ 875 ms 59 81 140

≥ 900 ms 48 86 134

≥ 925 ms 39 90 129



MultiScan cT1 PPV and NPV simulation curves
At risk NASH diagnosis
• 59% sensitivity
• 81% specificity



For prevalence between 20-50%: 
PPVs 44-76%; NPVs 60-94%

At risk NASH diagnosis
• 59% sensitivity
• 81% specificity

66%

89%

44%

76%
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MR elastography = noninvasive assessment of mechanical properties
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Current context of use and regulatory approval pathway
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Two main flavors of MRE

2D wave motion
4 slices

3D wave motion
Entire liver



Current regulatory pathway

2D wave motion
4 slices

3D wave motion
Entire liver

Image acquisition and 
reconstruction standardized across 
• Feld strength
• Scanner

Soon: Optional automated cloud-
based analysis by  Resoundant
• Results reporting
• Rapid turn around



2D MRE – |G*|

Type of biomarker:
Diagnostic biomarker

Context of use
A diagnostic biomarker to pre-screen patients with clinical risk factors 
for nonalcoholic fatty liver disease (NAFLD) or fibrotic nonalcoholic 
steatohepatitis (NASH) for enrollment in clinical trials to identify 
those at high risk of having histopathologic findings on liver biopsy of
• significant fibrosis (≥F2) or
• advanced fibrosis (≥F3) or 
• cirrhosis (F4)



2D MRE |G*| Regulatory Status

Letter of Intent 
(LOI)

Initiates the qualification process of a biomarker for a proposed context of 
use (COU) in drug development

Qualification
Plan (QP)

Defines the intended development to generate the necessary supportive 
data to qualify the biomarker for the proposed COU

Full Qualification
Package (FQP)

Contains all accumulated data to support the qualification of the biomarker 
for the proposed COU

Qualification
Recommendation

Contains FDA’s determination on whether the biomarker is qualified for the 
proposed COU based on a comprehensive review of the FQP

✓



2D MRE |G*| Regulatory Status

Letter of Intent 
(LOI)

Initiates the qualification process of a biomarker for a proposed context of 
use (COU) in drug development

Qualification
Plan (QP)

Defines the intended development to generate the necessary supportive 
data to qualify the biomarker for the proposed COU

Full Qualification
Package (FQP)

Contains all accumulated data to support the qualification of the biomarker 
for the proposed COU

Qualification
Recommendation

Contains FDA’s determination on whether the biomarker is qualified for the 
proposed COU based on a comprehensive review of the FQP

✓
PAR-21-178 

(Drug Development Tools 
Research Grants (U01) 
awarded to Kay Pepin

✓



2D MRE |G*| Evidence

EVIDENCE?

Can MRE identify patients at high risk of having significant fibrosis 
(F ≥ 2), advanced fibrosis (F ≥ 3), or cirrhosis?



2D MRE |G*| Evidence: at least 12 relevant articles since 2020

2020

2021



2D MRE |G*| Evidence: at least 12 relevant articles since 2020

2020

2021



2D MRE |G*| Evidence: at least 12 relevant articles since 2020

2020

2021

Meta-analysis

VCTE
• 53 studies

pSWE
• 11 studies

2D SWE
• 4 studies

2D MRE
• 11 studies

Biopsy reference



2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis

Meta-analysis: Selvaraj 2021 J Hepatol 33991635
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2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis

Meta-analysis: Selvaraj 2021 J Hepatol 33991635
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2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis

Meta-analysis: Selvaraj 2021 J Hepatol 33991635
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MRE-stiffness has higher sens/spec for stage ≥ 2, ≥3, 4

Meta-analysis: Selvaraj 2021 J Hepatol 33991635

Modality Fibrosis Stage Sens Spec Youden

VCTE
F ≥ 2 80 73 153
F ≥ 3 80 77 157
Cirrhosis 76 88 164

pSWE
F ≥ 2 69 85 154
F ≥ 3 80 86 166
Cirrhosis 76 88 164

2D SWE
F ≥ 2 71 67 138
F ≥ 3 72 72 144
Cirrhosis 78 84 162

MRE
F ≥ 2 78 89 167
F ≥ 3 83 89 172
Cirrhosis 81 90 171
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MRE-stiffness = 78% sens. and 89% spec. for F ≥ 2

Meta-analysis: Selvaraj 2021 J Hepatol 33991635

Modality Fibrosis Stage Sens Spec Youden

VCTE
F ≥ 2 80 73 153
F ≥ 3 80 77 157
F = 4 76 88 164

pSWE
F ≥ 2 69 85 154
F ≥ 3 80 86 166
F = 4 76 88 164

2D SWE
F ≥ 2 71 67 138
F ≥ 3 72 72 144
F = 4 78 84 162

MRE
F ≥ 2 78 89 167
F ≥ 3 83 89 172
F = 4 81 90 171



2D MRE-|G*| PPV and NPV simulation curves
F ≥ 2 diagnosis
• 78% sensitivity
• 89% specificity



For prevalence between 20-50%: 
PPVs 64-88%; NPVs 80-94%

80%

94%

64%

88%

MRE F ≥ 2 diagnosis
• 78% sensitivity
• 89% specificity
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PPV and NPV simulation curves:
cT1 vs. MRE

MRE F ≥ 2 diagnosis
• 78% sensitivity
• 89% specificity

cT1 at risk NASH diagnosis
• 59% sensitivity
• 81% specificity

MRE
MRE

cT1

cT1



PPV and NPV simulation curves: 20-50% prevalence
cT1 vs. MRE

80%

94%

64%

88%

66%

89%

44%

76%
MRE

MRE

cT1

cT1

MRE F ≥ 2 diagnosis
• 78% sensitivity
• 89% specificity

cT1 at risk NASH diagnosis
• 59% sensitivity
• 81% specificity



Modified from Kay Pepin and Michael Kalutkiewicz

Enrichment strategies:
cT1 vs. MRE

Enrolled, n=22
TP = 21

Excluded, n=9
FN = 2

Passed, n=31
TP = 23

Excluded, n=69
FN = 7

Sens=0.78, spec=0.89
PPV=0.74, NPV=0.90

Sens=0.90, spec=0.90
PPV=0.95, NPV=0.88

Enrolled, n=34
TP = 27

Excluded, n=66
FN = 3

Enrolled, n=18
TP = 17

Excluded, n=14
FN = 2

Passed, n=31
TP = 18

Excluded, n=69
FN = 12

Screened, n=100
Prevalence = 30

Sens=0.59, spec=0.81
PPV=0.57, NPV=0.82

Sens=0.90, spec=0.90
PPV= 0.79, NPV= 0.95

Sens=0.90, spec=0.90
PPV=0.95, NPV=0.88

Biopsy pathway cT1 pathway (at-risk NASH) MRE pathway (F ≥ 2)



Modified from Kay Pepin and Michael Kalutkiewicz

Enrichment strategies:
cT1 vs. MRE

Enrolled, n=22
TP = 21

Excluded, n=9
FN = 2

Passed, n=31
TP = 23

Excluded, n=69
FN = 7

Sens=0.78, spec=0.89
PPV=0.74, NPV=0.90

Sens=0.90, spec=0.90
PPV=0.95, NPV=0.88

Enrolled, n=34
TP = 27

Excluded, n=66
FN = 3

Enrolled, n=18
TP = 17

Excluded, n=14
FN = 2

Passed, n=31
TP = 18

Excluded, n=69
FN = 12

Screened, n=100
Prevalence = 30

Sens=0.59, spec=0.81
PPV=0.57, NPV=0.82

Sens=0.90, spec=0.90
PPV= 0.79, NPV= 0.95

Sens=0.90, spec=0.90
PPV=0.95, NPV=0.88

Biopsy pathway

Enroll 27 with disease

100 biopsies
Enroll 7 without disease

Enroll 17 with disease

31 biopsies
Enroll 1 without disease

Enroll 21 with disease

31 biopsies
Enroll 1 without disease

cT1 pathway (at-risk NASH) MRE pathway (F ≥ 2)

0 MR exams 100 cT1 exams 100 MRE exams



2D MRE |G*| Evidence

DIRECT
COMPARISON?



cT1 versus MRE in NAFLD

N
• 145 suspected NASH

1 site
• Japan

3 MR Biomarkers
• cT1
• PDFF
• 2D MRE-|G*|

(Also VCTE, CAP)

Biopsy reference



Imajo 2021 WJG 33642832

cT1 better for at-risk NASH, MRE better for fibrosis

0

0.2

0.4

0.6

0.8

1

At-risk NASH F ≥ 2

AUC

0.66
(0.57-0.75)

0.74
(0.66-0.82)

0.62
(0.49-0.74)

0.92
(0.87-0.97)

MREcT1MREcT1



Complementarity?

N
• 20 NASH
• 27 non-NASH

1 site
• Korea

3 MR Biomarkers
• T1 (no iron correction)
• MRS-FF
• 2D MRE-|G*|

(Also VCTE, CAP)

Biopsy reference



Complementarity?

Kim 2020 Scientific Reports 32060386

• AUC 0.88

For diagnosis of NASH

• Cutoff ≥ 6

• Sens 80

• Spec 85



NIMBLE – Non-Invasive BioMarkers for 
MetaBolic Liver DiseasE

Team Science: The Key to Non Invasive 
Biomarkers Development for NASH



Outline

Diagnostic biomarkers
in NAFLD clinical trials

MR elastography: magnitude of complex modulus (|G*|), “shear stiffness”
as a diagnostic biomarker in NAFLD clinical trials

MultiScan: iron-corrected T1 (cT1)
as a diagnostic enrichment biomarker in NAFLD clinical trials

MultiScan-cT1 and MRE-stiffness
friend or foe?



Claude B. Sirlin, MD
csirlin@health.ucsd.edu

MRI:
Diagnostic Application of cT1 & Elastography 

Through the Lens of Regulatory Science

Session V: Diagnostic Context of Use 
Friday April 22, 2022

mailto:csirlin@health.ucsd.edu

	Slide Number 1
	Disclosures
	Slide Number 3
	Slide Number 4
	The FDA defines seven biomarker categories
	Today
	Slide Number 7
	MultiScan Iron-corrected T1 (cT1)
	MultiScan Iron-corrected T1 (cT1)
	MultiScan cT1
	MultiScan cT1 Regulatory Status
	MultiScan cT1 Evidence
	MultiScan cT1 Evidence: at least 4 relevant articles since 2020
	Today
	Today
	MultiScan cT1 has AUC of 0.78 for “at-risk NASH”: NAS ≥ 4, F ≥ 2 
	MultiScan T1 has 39-86% sens. & 56-90% spec. for “at-risk” NASH
	Cut-off of ≥ 875 ms has 59% sens. and 81% spec. for at-risk NASH
	MultiScan cT1 PPV and NPV simulation curves
	For prevalence between 20-50%: �PPVs 44-76%; NPVs 60-94%
	Slide Number 21
	MR elastography = noninvasive assessment of mechanical properties
	Current context of use and regulatory approval pathway
	Two main flavors of MRE
	Current regulatory pathway
	2D MRE – |G*|
	2D MRE |G*| Regulatory Status
	2D MRE |G*| Regulatory Status
	2D MRE |G*| Evidence
	2D MRE |G*| Evidence: at least 12 relevant articles since 2020
	2D MRE |G*| Evidence: at least 12 relevant articles since 2020
	2D MRE |G*| Evidence: at least 12 relevant articles since 2020
	2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis
	2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis
	2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis
	2D MRE-|G*| has higher AUC for F≥2 and F≥3, not cirrhosis
	MRE-stiffness has higher sens/spec for stage ≥ 2, ≥3, 4
	MRE-stiffness has higher sens/spec for stage ≥ 2, ≥3, 4
	MRE-stiffness has higher sens/spec for stage ≥ 2, ≥3, 4
	MRE-stiffness has higher sens/spec for stage ≥ 2, ≥3, 4
	MRE-stiffness has higher sens/spec for stage ≥ 2, ≥3, 4
	MRE-stiffness = 78% sens. and 89% spec. for F ≥ 2
	2D MRE-|G*| PPV and NPV simulation curves
	For prevalence between 20-50%: �PPVs 64-88%; NPVs 80-94%
	Slide Number 45
	PPV and NPV simulation curves:�cT1 vs. MRE
	PPV and NPV simulation curves: 20-50% prevalence�cT1 vs. MRE
	Enrichment strategies:�cT1 vs. MRE
	Enrichment strategies:�cT1 vs. MRE
	2D MRE |G*| Evidence
	cT1 versus MRE in NAFLD
	cT1 better for at-risk NASH, MRE better for fibrosis
	Complementarity?
	Complementarity?
	Team Science: The Key to Non Invasive Biomarkers Development for NASH
	Slide Number 56
	Slide Number 57

