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Imaging Pathology

If you say there is an elephant in the room, you mean that there is an obvious
problem or difficult situation that people do not want to talk about

https:// www.worldwildlife.org/species/elephanidownloaded 13 Aug 2019)
https:// dictionary.cambridge.org/us/dictionary/english/aglephantin-the-room (accessed 07 S&919) S
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Can imaging replace elements of pathology?

A Possibly

A Considerations:
A Context of Use multi-dimensional, critical
A Cost
A Safety
A Benefit to risk ratio
A Frequency
A Required accuracy and precision
A Supply vs. demand

Better perhaps to ask three questions:
1. How can imaging make pathology better?
2. How can pathology make imaging better?
3. What would be needed to choose one over the other?



UCSD experience

A UCSDgquantitative imaging biomarker (QIB) experience over the last 17 years
A NASHCRN imaging coordination and data analysis for FLANG CyNCHrials

A Academic Research Organization (ARO)
A UCSD ARO laboratory services agreements over last 12 years
A 32 drugdevelopment clinical trials to date as data analysis center
A MRIPDFF, MRBDFF, MRE liver stiffness
A > 5,000 imaging exams evaluated to date at over 300 sites worldwide

A Quantitative Imaging Biomarker Alliance (QIBA)DFF and MRE committees

A NIMBLE Trialrigorous independentulti-center prospective precision testiruj
selected promising QlIBsderthe auspice®f the fNIH



Aims of this talk

A Focus on comparing MR imaging and pathologyAfrLD/NASH:

A Review obiomarker validation contexts ofuse, and use in clinical trials of:
A MRI estimation/validation oProton Density Fat FractioPDFFas biomarker
of liver steatosis
A MRE estimation/validation diver stiffnessas biomarker of livefibrosis

A Discuss several unanswered questions and future directions

A Provide a framework/perspective on biomarker validation that might be
generalizable to the development of quantitative biomarkers for ultrasound and
other imaging methods, and perhaps afeo pathology



Biomarker development

A Validation of a quantitative imaging biomarker (QIB) reguieesibility, accuracy
and precisionthat are allfit for purpose(i.e., aligned with @ontext of usgCOU]).
A Additional attributesshould probably includeicceptable percentages, and ratio
of false positives and false negatives

A FDA drug development qualification program defingsiegories and gives
examples of 1tontexts of usé

A FDAand NIH refeto their BESTBiomarkers EndpointS and otherTools) resource
to support thisprocess.

A RSNA currently sponsors QIB assessment programs as part of the Quantitative
Imaging Biomarker Allianc®(BA?.

1- FDA website, accessed 09 May 201i8s://www.fda.gov/Drugs/DevelopmentApprovalProcéss
see the "Developing New Drugs" and the "Drug Development Tools Qualification Program” links
2 - NIHwebsite, accessed 09 May 2018tps://www.ncbi.nlm.nih.gov/books/NBK4644%3
3- RSNA QIB#ebsite, accessed 09 May 2018tps://www.rsna.org/QIBA 10



https://www.fda.gov/Drugs/DevelopmentApprovalProcess/
https://www.ncbi.nlm.nih.gov/books/NBK464453/
https://www.rsna.org/QIBA/

Biomarker categories an@OUS

Diagnostic Subject selection

Monitoring Detect change in degree/extent of disease
Indicate toxicity or assess safety
Provide evidence of exposure

Predictive Identify subjects on basis of effect of intervention or exposur
Prognostic Stratifysubjects
Enrichment: inclusion/exclusion criteria
Pharmacodynamic / Response Efficacy
Demonstration of biological response
Safety Presence/extent of toxicity
Susceptibility / Risk Potential to develop disease or sensitivity

1 - FDA website, accessed 09 May 20i8ys://www.fda.gov/Drugs/DevelopmentApprovalProcess/
see the "Developing New Drugs" and the "Drug Development Tools Qualification Program"” links 11



https://www.fda.gov/Drugs/DevelopmentApprovalProcess/

Need for objective qualitycontrol

A Just asiomarker validation (accuracy and precision) shoul@peropriate to COU
So alscshould QC bappropriateto COU

A Drug development clinical trials require more QC (and documentation) than pilot
observational studies of new methodologies

A QIB evaluation with its often complicated analysis workfi®gsan objective
approach to minimize bias and ensure adequate precision

A Pertains to:
A drug trialsusing MRIPDFF and MRE liver stiffnes®adpoints
A indirectly to clinicatrials usingother QIBs
A eventually,patient care



Proton Density Fat Fraction
(PDFF)

13



PDFF Background

A Initial qualitative imaging estimates of hepatic fat reported in 1984
A Brief resurgence of interest in 1999's

A Correction for additional confounders in early 2000's (see next slide for
representative refs)

A Currently MRPDFF mosidccurate and precise neinvasive imagintpiomarkerto
assess hepatic steatosi$89papersnow inPubMed("PDFF" + "liver")

A Note thatPDFHs ratio of corrected fat signal, to sum of corrected fat and water
signals whereashistologic steatosis grades based ormpercentage of hepatocytes
with visible fat globules

4 - Dixon et al 1984 Radiologyl53:189
5-Thomsen et all994 Mag Reson Imaf2:487



PR O0O~NO®

]

Rationale forMREFPDFFRas biomarker ohepatic steatosis

Accuracy

A MRIlaccuratecompared toMRSasreferencestandard-10
A MRIlaccuratecompared tohistologyasreferencestandard?! 2

Precision

A MRIprecisé?16 (repeatability, reproducibility)

Meta-analysis
A In an analysis of 23 studiés

"Excellent linearity, bias, and precision across different field strengths, imager
manufacturers, and reconstruction methotls

- Liu et alMagn Reson Me&007, 58:354 12-
- Haufe et al JMRR017, 1641 13-
- Hernando et alMagn Reson Me@017, 77:1516 14-
- Heba et alJMRI2016 43:398 15-
- Zand et alJMRI2015 42:1223 16-
- Middleton et al,Gastroenterology®017 153:753 17-

Middleton et al,Hepatology2018 67:858

Negrete et al JMRI2014 39:1265

Kang et alJMRRR011, 34:928

Mashhood et alJMRI2013 37:1359

Artz et al JMRI2015 42:811

Yokoo et alRadiology2018 286:486 15



MRFPDFF imaging method

5.75 msec

6.90 msec

6 echoes acquired at
successive out-of-phase
and in-phase TE values

16



MRFIPDFF regiof-interest (ROI) analysis
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506 adult

subjects

9-Heba et alJMRI2016 43:398406

MRI PDFRccuracy regression
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MRI PDFRccuracy Bland-Altman®
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9-Heba et alJMRI2016 43:398406



NASH CRN FLINTal resultst!

A Adult crosssectional and longitudinal relationships between PDFF and
histologic steatosis grade (113 subjects, 8 sites)
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MRI-PDFF liver fat (%)
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11 - Middleton et al,Gastroenterology017 153:753761

30

Change in MRI-PDFF liver fat (%)
(0]

-20

20

10

Week 72 - Baseline

-10

-30

.=

Improve No change Worsen
(n=33) (n=38) (n=T7)

Change in Histological Steatosis Grade

20



NASH CRN CyN@ral results®?

A Pediatric crossectional and longitudinal relationships between PDFF and
histologic steatosis grade (169 subjects, 9 sites)
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12 - Middleton et al,Hepatology2018 67:858872
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Crosssectional trial of patients with NAFLD at UCSD

MRI Proton Density Fat Fraction (%)

18- Tang et alRadiology013 267:422
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Phase 2 trial of an ASK1 inhibitor: longitudinal PDFF change

A Phase 2 mulicenter trial (GSJS384-1497)°, NASH and stage2fibrosis, MRPDFF
and MRE liver stiffness evaluated compared to biopsy at baseline and at week 24
treatment with selonsertib (selective inhibitor of apoptosis sigmgulating kinase 1.

A Steatosis grade was seen to correlate with #RFFI¢ft), and histologic steatosis
responders were seen to show decreases in-MBFFr{ght):

404

r.=0.59
p <0.001
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Steatosis grade

19 - Jayakumar et allournal of Hepatolog®019 70:133
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PDFF cutoffs summary separating steatosis grades

(0) vs. (1.23)| (0.1) vs. (2.3)

FLINT! 16.3% PDF& 21.7% PDFa&t
- 90% 90%
specificity specificity
CyNCK ) 17.5% PDF&t 23.3% PDFat
90% 90%

specificity specificity
Tang et al® 6.4% PDFat 17.4% PDF& 22.1% PDF&t

100% 91% 90%
specificity specificity specificity

11 - Middleton et al,Gastroenterolog®017 153:753
12 - Middleton et al,Hepatology2018 67:858
18- Tang et glRadiology2013 67:858



How much change PDFRs clinically meaningful?

A In a poststudy secondargnalysis of 3patients in the MOZART study (Aezetimﬁﬁﬁ) ,
0KS mMmn ¢6K2 adK26SR KAa(d2t23A0 NIBdaliv y a ¢
MRIPDFF decrease of 29.3%.{% PDFF compared-{&6% PDFF).

A On the basis of that finding, it was suggested that, pending external independent

validation by other groups, these results could be incorporated into designing futur:
clinical trials.

A However, since NAS includes PDFF, however, a large drop in PDFF can drive a la
drop in NAS; adding a requirement for NASH resolution may be helpful.

A Validation of this finding should be in a prospective study with a placebo group.

20 - Patel et al;Ther Adv Gastroer016 9:692



Observations about PDFF and histology
A There is limited data comparing steatosis grades 0 and 1 to PDFF, probably becau
most studies have inclusion criteria excluding steatosis values
A PDFF variability across the entire range of PDFF values is in the rarifé fDFF

A The Tang et al (20183)study included patients with low PDFF values, and in that
study there was almost no overlap of PDFF values across grades 0 and 1

A Thus, histology and MRPDFF may be nearly equivalent to separate grades 0 and 1

A However, the two higher histologic categories are wide, and there is overlap acros:
grades 1 and 2, and grades 2 and 3

A Thus, PDFF appears to be more precise thitology forchange in these ranges

18- Tang et alRadiology013 267:422



2DMRE Liver Stiffness

27



2D MRE Background

A First MRE estimates of hepatic liver stiffness reported in 2995
A Development continues to this day (see next slide for representative refs)

A Extensively reported 295 papersnow inPubMed("PDFF" + "MRE" +
"Elastography")

A 2D MRHs FDA approvedused to estimate liver stiffness

A Available at over 1,000 sites, worldwide

21 - Muthupillai et al,1995 Scienc®69:1789
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Rationale forMREas biomarker ofliver fibrosis

A Liver fibrosis increases shear stiffness and other parantétérs

A Accurateusing histologic fibrosis stage as reference stantfard

A Repeatable and reproducit¥e?®, predicts NASH and advanced fibrosis

A Precision in large metanalysis study supports the claitn
A measured change in hepatic stiffness of 19% or greater, at the same site and with use of t
same equipment and acquisition sequence, is inferred to indicate that a true change in stiffn

has occurred with 95% confidence

Singh et alClin Gastroenterol HepataD15 13:440 28-
Asbach et alRadiology2010 257:80 29-
Huwart et al Radiology2007 245:456 30-
Morisaka et a JMRR017 47:1268 31-
Zhang et alJMRI2016 43:704 32-
Shi et al JIMRI2014 32:665

Serai et alAbdom Imagin@015 40:789
Lee et al ]IMRI2014 39:326
Chen et alRadiology2011; 259:749
Loomba et alHepatology?014 60:1920
Serai et alRadiology2017 285:92
29



MRE source images

Magnitude images

Phase images
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MRE postprocessed images

Wave images Elastogram Images
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ROI placement

white - manualROI placement
green- automatedROI placement

33- Dzyubak et aProcSPIE Int Soc Opt E2@17 (PMID 29033488)
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As liver becomes more fibrotic, it becomes stiffer

Stage 0 Stage 1 Stage 2 Stage 3 Stage 4

Courtesy Claude Sirlin MD, UCSD, 0728&9¢



