Pursuing the holy grail of Precision
Medicine based approaches for NASH

Arun J. Sanyal M.B.B.S., M.D.
Professor of Medicine, Physiology and Molecular Pathology
Virginia Commonwealth University School of Medicine



Conflicts of Interest

ADr. Sanyals President oSanyaBiotechnologies
AStock options foGenfit Tizianalndalg Durect ExhalenzGalmed

AConsultant Gilead, Intercept, Allergari, Lilly, Novo Nordisk, Astra
ZenecaMedimmune®, Novartis, Pfizer, GenentethMerck, Bristol
Myers®, Boehringerdngelhient, Immurort, EchosenseGE, OWA,
Birdrock Tern,SundiseRedX, IFMOLipociné, Innovate, Zydug,

AMRA Hemoshear

AGrant support: Bristol Myers, Intercept, Gilead, Allergan, Merck,
EchosenseNovartis Boehringernngelhiem

* no financial remuneration in last 24 months



NAFLD Is part of a mukystem disease process

Diet-induced obesity

Metabolic stress
Systemic inflammation and fibrosis
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CAD, coronary artery disease; CKD, chronic kidney disease; CVD, cerebrovascular disease; CVS, cardiovascular sysamfaiiiieEfthpreserved ejection fraction; PVD, peripheral vascular disease; T2DM, type 2
diabetes mellitus.



NAFLDis a multifactorial disease

Genetic Epigenetic Microbiome

Diabetes Lifestyle

Ethnicity
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Personalized management of
NAFLD

Assessment of risk A Family History
1 S A GWAS
A Microbiome
Primary Prevention A Behavioral analysis
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Genetics Influences the development
and progression of NASH
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Metabo-phenotyping may allow
subsegmentatiof the population
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The microbiome Is everywhere

THE HUMAN MICROBIOME PROJECT SAYS THE HUMAN BODY
HAS 100 TRILLION MICROSCOPIC L1FE FORMS LIVING IN IT.

}) :

) R (5
T~ < |

2,



http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=S9rE0oZ9HFQUIM&tbnid=-QGrhma_FfogwM:&ved=0CAgQjRwwAA&url=http://www.quantumrevolution.net/tag/microbiome/&ei=QAWFUaOlHvOo4APArIGICw&psig=AFQjCNHmAxYpqXr43cDtg-CkulyIPthA-Q&ust=1367758528533164

Role of the Gut Microbiome in Obesity and Diabetes Mellitus
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How the microbiome impacts NASH developme
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Diet-microbial interactions can be
used to leverage the gut endocrine
functions

CDCA>LCA>CA
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Blood glucosel Release
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Veillonellamproves exercise capacity by conversion of lactate

to propionate in marathon runners
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Pathophysiological implications

Why?
Unmet needs ™
Escape

When?

Triggers: Physical,
Environmental,
Emotional

Binge )
\ Eating Cycle

Tired, angry,
ashamed

How Much? What?
V Until food is gone Comfort Foods
or until sick Forbidden Foods [

- How??
Fast, secretively,
mindlessly
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Binge/Intoxication
a Dopamine

g Opioid peptides
g Serotonin

a GABA

a Acetylcholine

(ACC,

inferior
PFC

Binge/intoxication

Withdrawal/
negative affect

Incentive
salience

Preoccupation/
Anticipation

a Dopamine
a Glutamate
a Hypocretin
a Serotonin

a CRF

Preoccupation/
anticipation

Executive function

Reward deficit
and stress surfeit

-
systems _

Neuroadaptation

Withdrawal/
Negative Affect

a CRF

a Dynorphin

a Norepinephrine

a Hypocretin (Orexin)
a Substance P

C Dopamine

C Serotonin

C NPY

C Nociceptin

C Endocannabinoids
C Oxytocin

Koob, Volkow, 2017



Are subjects with NASH able to change thelir lifestyle? Data on
their stages of change from URICA
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Theprecontemplatiorscores were higher than those for other stages
Of change indicating that most subjects did not perceive that their
Lifestyle (diet, exercise) contributed to their NASH

Stewart et al, Liver International 2016



The critical role of behavioral factors in the metabolic
syndrome and NAFLD

GENETIC
ECONOMIC BEHAVIOR
A healthy lifestyle choices DISEASE
SOCIAL A Compliance PREDISPOSITI(
A Motivation PHENOTYPE
CULTURAL A Ability to change behavigr LN SN

POLITICA/



Potential primary interventions

APersonalized behavioral intervention:
A based on stage of change
A based on social support systems
A based on cultural, social and economic considerations

ADiet:

A calorie control for all
A specific interventions to modulate microbiome

AActivity and sleep:

A shift workers at particular risk and may need special
approaches to avoid bad eatiagtivity choices



There remains an unmet need for fully
Integrated models of disease development



