NAFLD in the Primary Care
and Diabetes Settings

Matthew Hudson, MD, MPH

matthew.hudson@ihs.gov



Disclosures:

* None



NAFLD: What is It?

* Non-alcoholic fatty liver disease

* Presence of fatty infiltrates in the liver (>5% steatosis)
* Imaging or biopsy

e Exclude other causes of hepatic fat accumulation*



TABLE 1. Common Causes of Secondary HS

Macrovesicular steafosis
3 - Excessive alcohol consumption
- Hepatitis C (genotype 3)
- WD
- Lipodystrophy
- Starvation
- Parenteral nutrition
- Abetalipoproteinemia
' - Medications (e.g., mipomersen, lomitapide, amiodarone, methofrexate,
tamoxifen, corficosteroids)
Microvesicular steafosis
- Reye’s syndrome
' - Medications (valproate, antirefroviral medicines)
- Acute fafty liver of pregnancy

- HELLP syndrome
- Inborn errors of mefabolism (e.g., lecithin-cholesterol acyliransferase

deficiency, cholesterol ester storage disease, Wolman'’s disease)




More Definitions

* NAFLD:

* Includes entire spectrum of fatty liver disease

* NAFL vs NASH:
* NAFL:

e “Fatty liver”
* No evidence of hepatocellular injury (hepatocyte ballooning, fibrosis)

* NASH:

* Non-alcoholic steatohepatitis
* Presence of inflammation and hepatocyte injury (ballooning) +/-fibrosis

Younossi ZM, et al. Hepatology. 64(1). 73-84.



NAF L Nonalcoholic fatty liver disease (NAFLD) NAS H

Nonalcoholic fatty liver (NAFL) Nonalcoholic steatohepatitis (NASH)
(~70%-75% of individuals with NAFLD) (-25%-30% of individuals with NAFLD)

[A] Steatosis alone (isolated hepatic steatosis) Steatosis with mild lobular inflammation Steatosis with lobular inflammation
and cellular ballooning (inset)
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Disease progression

Risk factors for disease progression
Diabetes
Insulin resistance
Hypertension
Weight gain =5 kg
Increasing ALT, AST; AST-ALT >1




} .'? nalcoholic fatty liver disease (NAFLD) NASH

Nonalcoholic steatohepatitis (NASH)
(~25%-30% of individuals with NAFLD)

Steatosis with lobular inflammation
and celL Larbal ooning (inset)
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Stages of Fibrosis

Metavir

Absent or
mild fibrosis

Significant
fibrosis

Severe
flbrosis

Cirrhosis




NAFLD: Beyond definitions

“NAFLD is a disease of over-nutrition.”

* NASH is strongly associated w/ obesity & the MetS.
* >80% of NASH patients are overweight/obese
* 72% of NASH patients have dyslipidemia
* 44% of NASH patients have type-2 diabetes mellitus.

 NAFLD = independent predictor of insulin
resistance in non-obese patients.

“Hepatic correlate of the metabolic syndrome”

Jeong SK, et al. J Kor Med Sci. 2008 Oct;23(5):789-95.
Younossi ZM, et al. Hepatology 2016; 64: 73-84.
Diehl AM, et al. N Engl J Med 2017;377:2063-72



Metabolic Syndrome

Table 1
Diagnosing criteria for metabolic syndrome

Criteria Categorical Cut Points
Elevated waist circumference  Ethnicity-specific definitions

Elevated fasting glucose >100 mg/dL and/or drug treatment of elevated

Elevated triglycerides >150 mg/dL and/or drug treatment for elevated triglycerides
Reduced HDL cholesterol <40 mg/dL in men; <50 mg/dL in women

Elevated blood pressure Systolic >130 and/or diastolic >85 mm Hg

Definition of MS: meeting at least 3 of the 5 criteria. Ethnicity specific definitions of elevated waist
circumference: (1) Caucasian: 102 cm or greater in men and 88 ¢cm or greater in women (2) Asian:
90 cm or greater in men and 80 cm or greater in women (3) Middle East, Mediterranean, African:
94 ¢cm or greater in men and 80 cm or greater in women (4) Ethnic Central and South American:
90 cm or greater in men and 80 cm or greater in women.

Data from Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a joint
interim statement of the International Diabetes Federation Task Force on Epidemiology and Pre-
vention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of
Obesity. Circulation 2009;120:1640-5.

Alberti KG, et al. Circulation.2009;120:1640-45.



Pathophysiology of NAFLD

Normal hepatocyte Fatty hepatocyte Fatty and injured hepatocyte Apoptotic hepatocyte
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Furukawa S, et al. J Clin Invest. 2017;114(12):1752-1761.
Diehl AM, et al. N Engl J Med 2017;377:2063-72




Pathophysiology of NAFLD

Figure 2. Mechanisms Involved in the Pathophysioclogy of Nonalcoholic
Fatty Liver Disease
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What about DM and NAFLD?

e Common mechanisms for NAFLD, DM and MetS
* Visceral obesity > Common denominator

* Type-ll diabetes prevalence in NAFLD:*
 NAFL: 22.5% have DM-I|
* NASH: 43.6% have DM-II
~45% or more of DM-II have NAFLD

* Improvement in NAFLD is associated with reduced
incidence in DM-II

Yamazaki H, et al. Diabetes Care 2015;38:1673-1679.



IR and hepatic fat have a linear
relationship
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Ryan MC, et al. Journal of hepatology. 2013 Jul 1;59(1):138-43.
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Epidemiology of NAFLD in North
America

E NAFLD Prevalence in North America

Study (North America)  Events  Total Prop (in%) 95%-Cl  Reference
Williams, 2011 (US) 151 328 46.04 [40.55;51.60]  O1
Mohanty, 2009 (US) 238 683 3485 [31.27;3855] 79
Kim, 2013 (US) 4188 12317 3400 [33.16;34.85] 74
Smits, 2013 (US) 1546 4698 3291 [31.56;34.27] 89
Otgonsuren, 2013 (US) 2510 10565 2376  [22.95;24.58] 82
Lazo, 2011 (US) 2515 11371 2212 [21.36;22.89) 75
Younossi, 2013 (US) 1448 6709 2158  [20.60;22.59] 94

Younossi, 2012 (US) 2492 11613 2146 [20.71;22.22] 93
Schneider, 2014 (US) 2051 9675 2120 [20.39;22.03] 87
Ruhl, 2013 (US) 2446 12232 2000 [19.29;20.72] 85
Lazo, 2013 (US) 2366 12454 19.00 [18.31;19.70] 76
Foster, 2013 (US) 521 3056 17.05 [15.73;1843] 71
Church, 2006 (US) 24 218 1101  [7.18;1594] 68

Random effects model 95919 - 2413  [19.73; 29.15]

Heterogeneity: I-squared=99.2%, tau-squared=0.2194, p<0.0001
T 1 _ r°r 1 71T

0 10 20 30 40 50 60

Younossi ZM, et al. Hepatology. 2016. 64(1). 73-84.



Epidemiology of NAFLD in North
America

TABLE 1. NAFLD Prevalence Stratified by Region
Region N  Prevalence (%) 95% Cl (%) I? (%)

Africa 2 13.48 (5.69-28.69) 84.37
Asia 14 27.37 (23.29-31.88) 99.17
Europe 11 23.71 (16.12-33.45) 08.78
Middle East 3 31.79 (13.48-58.23) 99.14
North America 13 24.13 (19.73-29.15H) 99.19
South America 2 30.45 (22.74-39.44) 69.10
Overall 45 25.24 (22.1-28.65) 99.07

nce

Study sources in Supporting Table A (imaging as a diagnosis
technique for all studies included).

0 10 20 30 40 50 60

Younossi ZM, et al. Hepatology. 2016. 64(1). 73-84.



NAFLD Prevalence

e 24-30% of the US population

= 45-76% of diabetic and obese patients

e >90% of patients undergoing bariatric
surgery

Younossi ZM, et al. Hepatology. 2016. 64(1). 73-84.
Portillo SP, et al. J Clin Endocrinol Metab. 20140ct
Kasturiratne A, et al. J GastroenterolHepatol. 2013;28:142-147.



Prevalance of NASH (US)

* NASH estimates:
* 5-6% of the US population

* NASH-related cirrhosis=>2"9 indication for liver
transplants in the US.

C Prevalence in the
United States: 25% of adults 5-6% of adults 1-2% of adults

Cirrhosis o —

//\

25%

Type 2 diabetes, Fat plus injury, Fat plus injury, Fat plus injury,

Western diet, inflammation, inflammation, inflammation,

and other factors and scarring and scarring scarring, and
mutation

NASH Cirrhosis: 1 in 50 US adults
HCC: 1-2% per year

Diehl AM, et al. N Engl J Med 2017;377:2063-72



NAFLD in Al/ANs:

(] PIMC
B RSBCIHI
B ANMC

Frequency (%)

Alcohol Hep C Alc/Hep C NAFLD Other No etiology

Scott, JD et al. World J Gastroenterol. 2008 Aug 7; 14(29): 4607-4615.



NAFLD in Al/ANs:

Il American Indian [l White M Black [ Asian [ Hispanic [l American Indian [l White M Black [ Asian [ Hispanic

or Alaska Native or Alaska Native

*
Underweight Healthy weight Overweight
(not obese)
Body weight status

Diabetes Heart disease

NOTE: Estimates are age adjusted using the projected 2000 U.S. population as the standard population.
Estimates are based on household interviews of a sample of the civilian, noninstitutionalized population.

*Estimate does not meet standards of reliability or precision and should be used with caution. DATA SOURCE: CDC/NCHS, National Health Interview Survey, 2004-2008

NOTE: Estimates are age adjusted using the projected 2000 U.S. population as the standard population.
Estimates are based on household interviews of a sample of the civilian, noninstitutionalized population.
DATA SOURGE: CDG/NCHS, National Health Interview Survey, 2004-2008. Figure 4. Percentage of adults aged 18 years and over who have ever been diagnosed
with diabetes, and percentage of adults aged 18 years and over who have ever been

Figure 3. Percent distribution of body weight status for adults aged 18 years and over, by diagnosed with heart disease, by race and ethnicity: United States, 2004-2008

race and ethnicity: United States, 2004-2008

Barnes Pm, et al. Natl Health Stat Report. 2010 Mar 9;(20):1-22.



NAFLD in Al/ANs:

* PNPLA3

* Gene involved in regulation of TRG and retinol
metabolism

* |148M polymorphism
* Most prevalent in Hispanic populations.
* More prevalent in Asian and Al/AN pops**

 Strong association w/ hepatic steatosis, steatohepatitis, fibro-
sis, and cancer.

* Promotes liver damage caused by alcohol-induced fatty liver
disease and chronic hepatitis C.

Diehl AM, et al. N Engl J Med 2017;377:2063-72



NAFLD: Implications

Population

NAFLD
NAFLD
NAFLD
NAFLD
NASH
NASH
NASH
NASH

NAFLD
NAFLD
NASH
NASH

TABLE 3. Incidence and IRR for Progression of NAFLD and NASH

Outcome

CVD-specific mortality
HCC

Liver-specific mortality
Overall mortality
Advanced fibrosis
HCC

Liver-specific mortality
Overall mortality

Liver-specific mortality
Overall mortality
Liver-specific mortality
Overall mortality

Incidence Rate Per
1,000 Person-Years*

4.79
0.44
0.77
15.44
67.95
5.29
11.77
25.56
IRR*
1.94
1.0b
64.6
2.56

Number of Studies

6

95% ClI

(3.43-6.7)
(0.29-0.66)
(0.33-1.77)
(11.73-20.34)
(46.84-98.56)
(0.75-37.56)
(7.1-19.53)
(6.29-103.8)

(1.28-2.92)
(0.7-1.56)
(35.43-117.8)
(0.63-10.39)

* NAFL -2 Typical morbidity & mortality (CVD, cancer)

* NASH =

liver-related M&M, cirrhosis, HCC + CVD

Younossi ZM, et al. Hepatology. 2016. 64(1). 73-84.



Nonalcoholic fatty liver disease (NAFLD)

NAFL NASH

Nonalcoholic fatty liver (NAFL) Nonalcoholic steatohepatitis (NASH)
(~70%-75% of individuals with NAFLD) (~25%-30% of individuals with NAFLD)

[A] Steatosis alone (isolated hepatic steatosis) Steatosis with mild lobular inflammation Steatosis with lobular inflammation
and cellular ballooning (inset)
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NAFLD and Children

 NASH in children is strongly associated with
obesity.

 Childhood obesity = increased risk of HCC in
adulthood (Denmark)

Berentzen TL, et al. J Hepatol 2014;60:325-30.



Diagnosing NAFLD:

* The goal is to not only identify NAFLD but also
identify who may be at high risk for complications
related to NAFLD



Typical situation:

* Transaminases are drawn as part of an “LFT Panel”
e AST, ALT are mildly elevated
 RUQ Ultrasound is done = steatosis.

e Other causes to elevated AST/ALT are ruled out
* Viral hepatitis
* Autoimmune
e Alcohol
* Etc

Now what?



Think NAFLD in everybody

e 25% of adults in the US have it

* Think NASH if there are risk factors for it



Think NAFLD in persons with DM-II

* Persons with NAFLD:

e 45-50% of persons with DM-II had NAFLD
* NAFLD increases the incident risk of developing DM

Tabla 2 Baseline provalence and 3-year mcidence of diabates mellitus in subjects with and without non-alcoholic fatty liver disease (NAFLDI

Subject description Murmber of provalant MNumbear Prevalenca per 1000 population (95% Cl) OR (a5% CI)
cases diseazo-froe

NAFLD (n= 926 104 3] 3 [ G4 0) 2.15 (1.80-257)

MNon MAFLD (n= 1954 : )

MNurmber of incident Mumbaer Person-time of Incidence per 1000 PY HR (95% Cl)
cases diseaso-froe follow-up (yeoars) of follow-up (95% CI)

MAFLD (n= 543) 106 437 1666.4 63.6 (52.1-76.9] 1.92 {1.45-2.47)
Mon-NAFLD (n=1314) 138 1176 40606
MAFLDt (n=528] 104 424 16202 G4. 1.95 (1.51-2562)
Mon-NAFLD (n=1314) 138 1176 40606

tAfter exclusion of subjocts who started alcohol consumption above the safe-limit.
Cl, confidence mterval; HR, hazards ratio; OR, odds ratio; PY, parson years.

Kasturiratne A, et al. J Gastroenterol Hepatol. 2013;28:142-147.



But also think about NASH

Table 2. Variables Associated with Presence of Advanced Fibrosis (Stage 3-4) in the Estimation Group (n = 480)
Unadjusted [Univariate) Adjusted (Multivariate)

5% Cl 95% ¢l
Variable i (low, high) P Valuo i (low, high) P Value

Age (per year) 07 1.05, 1.09 =0.0001 il 1.01, 1.07 0.007
Gender qM} LY 028, 0.64 <0000
; ian) 0.24,1.40 0.3
1.06,1.14 = 0.0001
1.74,4.25 < 0,0001

nl:l-rrnal 1rn=f:~n=nr'l=} 1

overweight 235 (.78, 10.2 0.3

obese 5,70 1.9€, 23.95 <0.001
Waist circumference{continuous) 1.Mm 0.99, 1.02 0.3

Central obesity 122 0.80, 1.87 0.4

Waist-to-hip ratio 0.1 0.002, 205 0.5

AST/ALT ratio 6.89 4.00,12.31 <0.0001 2.70 : 0.007

Albumin {g/dl) 0.15 0. [IEI [I 25 =0.0001 5 25,1, 0.073

Bilirubin {mg/dl) 1.68 0.002

Platelet count { W) 0.98 '. < (.0001 98 0.98, 0. =<0.001

AST/ platL.IL.t 223 02, 3.00 <0.0001
b.BE : 9.1¢ =0.0001 3.13 AT hE =0.001
4,19 2,71, 6.50 < 0.0001

: idemia 0.65 1.43, 0.03

Low HOL {:hn:rIFrlerl:nl 210 3 0.0003

Hypertension 261 1 |{P 4.04 < 0.0001

HOMA-IR (continuous) 1.11 1.05,1.18 0.0001

Biopsy length (mm) 1.003 0.97,1.04 0.9

Pontal areas (n) 1.03 0.92,1.14 0.6

Angulo P, et al. Hepatology. 2007 Apr;45(4):846-54.



Think NASH in persons with MetS

* Consists of cluster of inter-related factors
* Truncal obesity
e Dysglycemia
* Dyslipidemia
* Hypertension

Risk Factors for NASH fibrosis!

* NHANES: MetS prevalence of 34.7% in 2011

* Women > Men
* Hispanics have highest prevalence in N America

Marchesini G, et al. Hepatology 2003;37:917-23.



Again...think NAFLD in everybody

* Four phenotypes of patients with NAFLD have been
defined:
.  Obese
Il. Type 2 diabetes
Ill. Metabolic syndrome

IV. Lean patients (smokers, older age, Hispanic & Asian,
? Al/AN)
* Excess caloric consumption leading to obesity and

related comorbidities is a leading risk factor for NAFLD.

* Even a modest 3-5 kg weight gain may predicts the
development of NAFLD, regardless of baseline BMI.

Younossi ZM, et al. Hepatology 2016;64:73—84.
Zelber-Sagi S, et al. J Hepatol 2012;56:1145-1151.



Pearl:

- “Overweight or obese persons with the
metabolic syndrome, elevated serum
aminotransferase levels, and a negative
noninvasive workup for other causes of
liver disease are likely to have NASH.”

*Assumes LFTS and/or ultrasound/CT showing steatosis

Diehl AM, et al. N Engl J Med 2017;377:2063-72



Next steps:

e Patient felt to be at risk for NAFLD:

» Assess for confounding risk factors for disease
progression

» Assess for NASH-related liver damage
»Grade the severity of this injury & stage fibrosis

»Formulate a disease management plan.



Evaluation of chronic liver injury according

to health care level

Primary health care

Secondary health care

Tertiary health care

Liver biopsy

* Promising but currently under investigation
ARFI: Acoustic Radiation Force Impulse Imaging

HVPG: Hepatic Venous Pressure Gradient
Castéra L et al. Gut 2010 : 59 : 861 — 866.




Further assessment after NAFLD
diagnosis

e Patient history and exam
* Associated conditions (Hypopituitarism™*, etc)

Confounding medications
* Corticosteroids, tamoxifen, amiodarone, methotrexate

Alcohol use
« AUDIT > CAGE

Exam:
* Truncal obesity, acanthosis nigricans, etc.

* Stigmata of portal hypertension

DM-II, MetS

Chalasani, et al. Hepatology. 2018;67:328-357






Order Serum (“wet”) Biomarkers

e Albumin
* Prothrombin time
e Platelets

* Transaminases:
 NAFLD is an ALT driven process
e AST:ALT ratio is typically <1 in absence of fibrosis

* Ratio tends to increase to > 1as the degree of fibrosis
progresses

* Ferritin
* Independent predictor of advanced fibrosis

Castera, L. et al. Nat. Rev. Gastroenterol. Hepatol. 10, 666—675 (2013);



Biomarkers for NAFLD

NAFLD
Fibrosis
Score

FIB-4

BARD

BAAT

Factors Included in Scoring

* Age
* Hyperglycemia
« BMI

* Age
s AST

* BMI

AST/ALT ratio

BMI
Age

Platelet count
* Albumin
« AST/ALT ratio

« ALT
Platelets

« T2D

ALT
Triglycerides

Cutoff Values
for Advanced Fibrosis

<-1.455 = FO-F2
-1.455 to 0.675 = indeterminate
> 0.675 = F3-F4

< 1.30: FO-F1
>2.67:2F3

> 2: advanced fibrosis

>2.86:2F3




AST: Platelet Ratio (APRI score)

Table I. Sensitivity, specificity, positive and negative predic-
tive value of APRI v. NES

Value ~ Sensitivity ~ Specificity —ppv  npv

Mo 93%

—

No/Mild
Fibrosis

Fig. 3b. APRI and association with grading of NAFLD.

o



Who should be re
biopsy or VCTE (Fi

‘erred to a
oroscan®)?

< 2 features of the MetS
Absence of DM-Il and normal LFTs
Motivated patient (lifestyle changes, etc)

NFS <-1.455

Features of MetS and obesity
DM-II and elevated LFTs

Patient who is not mot
changes
NFS > -1.455

ivated to make lifestyle




No algorithm for guiding NASH
referrals.

* Need to consider risk factors for worse outcomes
* MetS
* Obesity

DM-II (especially with other risks)

Smoking

Hypertension

Age

Increasing AST over time, AST:ALT >1

NFS, FIB-4 scores



But here is an algorithm for
consideration...

Steastosis on imaging (ultrasonography, CT, MRI)

Assess for advanced fibrosis (stage 3-4) by NFS

NFS <-1.455 NFS between -1.455 and 0.676 NFS >0.676

Low likelihood of | Emediate kennooaer High likelihood of
advanced fibrosis advanced fibrosis advanced fibrosis
(NPV 93%) (PPV 90%)

Transient elastography
M probe, XL probe in case of
unreliable results

M probe <7.9kPa M probe 7.9-9.6 kPa M probe =9.6KkPa
XL probe <7.2kPa XL probe 7.2-9.3kPa XL probe >9.3 kPa

Advanced fibrosis rform a liver biopsy Advanced fibrosis
excluded confirmed

(NPV 89-94%) (PPV 72%)
Advanced fibrosis ¢ ed

Intensive management of NAFLD

Primary care management Screening for HCC
and follow-up Screening for gastro-

oesophageal varices

Castera, L. et al. Nat. Rev. Gastroenterol. Hepatol. 10, 666—-675 (2013)



...And another one...

Figure 3. Algorithm for the Decision to Perform Liver Biopsy in Patients
With Presumed Nonalcoholic Fatty Liver Disease After Negative
Serological Evaluation and Exclusion of Alcohol as a Contributing Factor

| Patient with suspected hepatic steatosis |

imaging
CT, or MRI)

/ Risk factors for NASH3
FIFESE'F'IT or concern for

Consider noninvasive
fibrosis imaging

graphy, or

controlled ymes initially
transient elastography elevate upper limit
[Fibroscan]) % of normal), they improve? /

Yes / Results consistent ', MO
with cirrhosis?

No /' Normalization ° Yes

s of liver enzymes? | |
) i

'Initiate hepatocellular ' "_ . '_q ' Follow-up as
| carcinoma screeni e clinically indicated




..And one for the diabetes
practitioner (combine with first

No Diabetes Diabetes/pre-diabetes

AST and ALT normal AST or ALT abnormal AST and ALT normal

Mo further action Evaluate for liver disease: Risk factors for NAFLD/MASH: No risk factors:
-Abdominal ultrasound -Age =50 years Routine care
-\iral hepatitis (B and C) -Hispanic race and counseling;
-Iron studies -Diabetes for > 10 years re-assessment
-Autoimmune [ANA, ASMA) -Ultrasound with steatosis yearly
-Consider hepatology referral -AST:ALT =1

Risk stratify for fibrosis:
Fibroscan or MRE or blood based
fibrosis markers (MAFLD fibrosis score,
APRI, FIB-4, etc.)

Hepatology referral:
Consideration for
additional testing, liver
biopsy, clinical trials or
treatment Weight and diet counseling;

re-assessment vear|

Indeterminate or high risk

Low risk for advanced fibrosis
for advanced fibrosis




For indeterminate or high-risk
patients for advanced fibrosis

* Three options:
1. Liver biopsy:
 Remains the gold standard!
e But some considerations

e Severe complication rate of 1.1% and mortality rate of 0.3%.
e Sampling error as high 25-30%.

2. Transient Elastography (VCTE)

* Noninvasive, quick, highly accurate, low cost

3. Magnetic Elastography (ME)

Seeff LB, et al. Clin Gastroenterol Hepatol 2010; 8: 877-883
Maharaj B, et al. Postgrad Med J 1992;68:964-967.
Talwalkar JA. Gastroenterology 2008;135:299-302.



Fibroscan® device

* Electronic platform
— Ultrasonic signals acquisition
— Numerical signal processing

* Integrated computer

— Stiffness measurement
— Examinations database

* Dedicated probes with unique

e gt
technology RN

g .

.ir.-“-' . _,"1

-L". L

L e Vibrator (50 Hz)

US Transducer '
(3.5 MHz)

Fibroscan® (Echosens, Paris, France)



ROC curves for FibroScan, FibroTest, & APRI
for cirrhosis (FO — F3 vs F4)

Castera L et al. Gastroenterology 2005 ;128 : 343 — 50.

Castera L et al. Lancet 2010 ; 375 : 1419 — 20.



VCTE:
CAP (262) and kPa (6.5-7 range)

Median CAP Score for Steatosis

340

340
o FO to F1
Hepatitis B 2to 7 kPa 8109 kPa 8 to TkPa 18 kPa or higher
Hepatitis C 2to 7 kPa 81to 9 kPa 9to14 kPa 14 kPa or higher
HIV/HCV Coinfection 2to 7kPa 7to11kPa 111014 kPa 14 kPa or higher
Cholestatic Disease 2to 7kPa 7to 9 kPa 91017 kPa 17 kPa or higher
Non-alcoholic Fatty Liver ~ 2to 7 kPa 75t0 10 kPa 10to14kPa 14 kPa or higher
Disease (NAFLD or NASH)
Grade 1 Grade 2 = 3

(h=139) (n=107) n Alcohol Related Disease 2to 7kPa 11t0 19 kPa 19 kPa or higher
Steatosis Grade

Dulai PS, et al. J Hepatol. 2016;65:1006-16.
SOURCE: https://www.mskcc.org/



VCTE and Obesity

* New XL probe has overcome many of the
limitations for patients who are overweight/obese.

Table 5. Optimal Liver Stiffness Cutoffs Using the M and XL Probes According to Liver Disease Etiology*
M Probe XL Probe

Sensitivity %  Specificity % PPV % NPV % Cutoff  Sensitivity %  Specificity % PPV % NPV %
Cutoff (kPa)  (95% CI) (95% CI) (95% CI) (95% c1) (kPa) (95% Cl) (95% 1) (95% 1) (95% CI)

F2-4 ys. FO-1
fibrosis
Overall = 82 (72-90) 78 (67-87) 80 (70-88) 80 (70-89) =B 83 (64-89) 68 (59-77) 72 (B3-79) 80 (71-88)

0 0 Fats) - 0
o i Tl L .. -.. " - o

hepa atad
F4 vs. FO-3

fibrosis
Qverall =215 84 (60-97) 91 (85-95) 55(36-74) 98 (94-100) =14.0 92 (73-99) 86 (80-90) 44 (30-59) 99 (96-100)
Viral hepatitis >=14.0 92 (62-100) 83 (71-92) 52 (30-74) 98 (89-100) =101 93 (68-100) 83 (73-91) 52 (32-71) 98 (92-100)
NAFLD >22.3 80 (28-99) 91 (82-97) 40 (12-74) 98 (92-100) =>=16.0 100 (54-100) 91 (84-96) 40 (16-68) 100 (96-100)

*Subgroup analyses restricted to patients with >10 valid measurements with the respective probes and interpretable liver biopsies. See Supplementary Table 1
for the numbers of patients within each analysis. Optimal liver stiffness cutoffs defined by the maximal sum of sensitivity and specificity.

Myers, et al.Hepatology 55, 199—-208 (2012).



MR Elastography: Future in Dx &
Prognostication

Use for patients at high risk in absence of cirrhosis
by PE, Fibroscan, & biomarkers.

- NFS > 0.675

- VCTE > 7-8 kPa

- If MRE > 3kPa = biopsy

10
= g y= 31631 e 0.2374x
£ g
Me_*-::hani::al Wave Image Elastogram w7
Driver g "
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avS £
B 5
¢ 4
i
¢ : -
@
J =’
I""""—"--.___.--' — _.-r". —— g 1
: 0
: L N | | 0 4- 8 Stage Stage Stage Stage Stage
Conventional MR Image -T0 0 470 FO F1 F2 F3 F4

Displacement (um) Shear Stiffness (kPa)

Normal Chronic Liver Disease

Venkatesh SK, et al. J. Magn. Reson. Imaging 2013;37:544-555.



Who should be referred for liver
biopsy?

It’s easier to say who may be reasonable deferred
with close monitoring of LFTs over time.

Defer Liver Biopsy

< 2 features of the MetS
Absence of DM-Il and normal LFTs

Motivated patient (lifestyle changes, etc)
NFS <-1.455

VCTE < 6.5 kPa




Who should be referred for liver
biopsy?

* NFS >-1.455 AND
* VCTE > 6.5-8.0 kPa +/- MRE > 3 kPA

* Risk factors for NASH with advanced fibrosis
 DM-II
* MetS
e Age & smoking status

* Findings suggesting cirrhosis
* Thrombocytopenia, AST > ALT, low albumin

When in doubt, refer to a Gl or hepatologist



Treating NAFLD




Management of NAFLD

* Treatment should address
e Liver disease*

* Underlying metabolic comorbidities
e Obesity
e Hyperlipidemia
* Insulin resistance
e Type 2 diabetes mellitus

* Immunization

NAFL Address metabolic comorbidities

NASH w/o Address metabolic comorbidities
advanced fibrosis

NASH with Address metabolic comorbidities +/-
advanced fibrosis Pharmacotherapy

Cirrhosis List for Liver Transplant



Lifestyle Interventions

* Weight loss—> Cornerstone of treatment of NAFLD.
* Entails:
* Exclusion of processed food and fructose
e Calorie restrictions to achieve 5%-10% weight
loss
* Improves clinical biochemistry, histologic
steatohepatitis, and fibrosis.
* Consider: Mediterranean diet
* Easier to follow
* Reduces steatosis & improve insulin
sensitivity/glucose tolerance*

Bach-Faig A, et al. Public health nutrition. 2011 Dec;14(12A):2274-84.
Ryan MC, et al. Journal of hepatology. 2013 Jul 1;59(1):138-43.
*- .

independent of weight loss.



Weight loss

* Weekly-biweekly group meetings. i
* Calorie goal based on their starting

weight)

* Daily fat gram goal designed to
produce a 25% fat diet (28 —33 g for
1000-1200 kcal diet).

* Meal plans provided x 8 weeks Mouth.of Ronscemen
(including commercial plans) —e— Control (n=10)

. . ... —»— Lifestyle (n=20)
* Focus on moderate intensity activities
(walking).

* Given pedometers and encouraged to
self-monitor their eating and exercise

* Self-monitoring records were
reviewed weekly by the therapist 6 12

Month of Assessment

Percent Weight Change >

BN

BMI Change
0

-2

Promrat K, et al. Hepatology. 2010 Jan;51(1):121-9.



Weight Loss > 7% may be the best

therapy

Table 4. Baseline Characteristics and Change (mean [SD]) in Histological Parameters According to Study Goal Weight

Reduction (=7%)

Variable

Weight Loss < 7% Weight Loss = 7%
(n = 17) (n = 11) P Values

Baseline characteristics

BMI category, N (%)
overweight (25-29.9 kg/m?)
obesity class | (30-34.9 kg/m?)

5(26.3
5(26.3

3(27.3)
6 (54.5)

obesity class Il (35-40 kg/m?)
Diabetes, N (%)
On metformin, N (%)
Histological parameters
Fat (0-3)
Lobular inflammation (0-3)
Ballooning injury (0-2)
Fibrosis (0-4)

974 7(18.2)
10 (52.6 4 (36.4)
7 (36.8) 2(18.2)

)
)
)
)

-0.41 (0.80 -1.36 (0.67)
-0.24 (0.75 -0.82 (0.75)

~0.53 (0.80 -1.27 (0.47)

WAS (0.8
\ i

Participants with =3 points’ improvement in NAS from baseline, N (%) 4(23.5

Participants with NAS =2 at follow-up, N (%)

1.18(1.59 345(1.21)
9(81.8)

)
)
)
+ 0.06 (0.83) -0.45 (0.93)
1
)
) 10 (90.9)

4(23.5

Promrat K, et al. Hepatology. 2010 January ; 51(1): 121-129.




Again, weight Loss > 7% may be the
best therapy

b
w

Weight loss (%)
Weight loss (%)

=T
ag

Resolution of steatohepatitis

@ 2
L] 2
E E
= =]
@ =
= =

Weight loss (%)

Ballooning improvement Fibrosis status

Vilar-Gomez E, et al. Gastroenterology 2015; 149:367—-378.



Mediterranean Diet

Mediterranean diet pyramid: a lifestyle for today Serving size based on frugality
guidelines for adult population ~ and local habits

— MD
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Fiz. 3. Change in intrahepatic lipid for individual subjects across the two diet
periods and wash-out period.

Dieta Mediterranea

Fig. 2 (colour online) Mediterranean diet pyramid: a lifestyle for today

Bach-Faig A, et al. Public health nutrition. 2011 Dec;14(12A):2274-84.
Ryan MC, et al. Journal of hepatology. 2013 Jul 1;59(1):138-43.



Mediterranean Diet

E Fasting Insulin F HOMA-IR
Nondiabetics Diabetlcs Nondiabetics Diabetics
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Months of Intervention

Shail, et al. N EnglJ Med 2008;3:229-241



NAFLD and Bariatric Surgery

e Decrease in NASH noted
in several observational
studies.

Percentage of steatosis NAFLD activity score
on liver biopsy -

P = D001 7 P = 0001*

{
Before After Before After

" Wilcoxon signed rank test

l 3 (severes)

@2 (moderate) Fi . . _
L igure 3. Change of histologic features 1 year after bariatric
01 (mild) surgery. (A) Percentage of improvement in hepatocellular
OMo MASH ballooning and in lobular inflammation 1 year after bariatric
surgery. (B) Median of NAS and steatosis at baseline and at 1

Before year after surgery. *Wilcoxon signed rank test.

Lassailly G, et al. Gastroenterology 2015;149:379-388



Alcohol and NAFLD

* Heavy alcohol use
should be avoided.

 Men: more than 14
drinks per week or 4
drinks on any day

* Women: more than 7-10
drinks per week or 3
drinks on any day

12floz of

regular beer

about 5%
aleahol

What Is a Standard Drink?

1.5 fl oz shot of
distilled spirits
(gin, Fum, te

39ﬂomf 5fl oz of

— table wine .

\r _ tl ﬂ
£ 4

l

about 7% about 12% about 40%
aleahol aleohal aleohol

defined in the United

s one standard drink of “pure”alcoho
5 alee - rolume (alc/vol),

SOURCE: https://www.drugabuse.gov/sites/default/files/files/AUDIT.pdf



AUDIT to identify at-risk drinkers

The Alcohol Use Disorders Identification Test: Self-Report Version

PATIEMT: Because alcohol use can aff your health and can interfere with certain
medications and treatments is important that k some questions about
your use of alcohol. Your ans i ain c =1 | so please be honest.
Place an X in one box that b i

Monthly 4 times
or less a rmonth

ou b
you are drinking ?

often do e . Less than | Monthly Daily or
more drinks on one monihly almost
daily

Less than | Monthly Diaily or
monthly almost
daily

Less than | Monthly Daily or
rou failed to do monthly almost
ormally = daily

onthily Daily or
month almost
in the morning to qet yourself daily
going after a heavy drinking

How often during the last year . Less than | Monthly Diaily or
ou had a ng of guilt monthly almost
after dri 7 daily

Less than | Monthly Draily or

monthly almost
ber what happened the night daily
before because of your drinking 7

but
not in the
last year

but
not in the
last year

SOURCE: https://www.drugabuse.gov/sites/default/files/files/AUDIT.pdf



Other lifestyle recommendations:

 Moderate physical activity
* Smoking cessation
e Coffee?



Pharmacotherapy and NAFLD

 Not used for most cases of NAFLD

* Reserved for those with NASH w/ advanced fibrosis
on biopsy (F2+)

* Could be considered in those not meeting lifestyle
modification goals

 Need to discuss risks, benefits, alternatives.

TREAT THE CVD RISK FACTORS!



Pharmacologic Therapy

Metformin No improvement

Thiazolidinediones
Rosiglitazone Improvement in HS but not necro-inflammation and fibrosis

Improved NAS & steatosis in diabetics with NASH. Less clear
benefit for NAS in non-diabetics with NAFLD but resolution of
NASH has been demonstrated (PIVENS 47% versus 23% NASH
resolution).

Pioglitazone ™

Glucagon-like peptide-1 agonists Possible improvement in SH

Vitamin E* Improvement in steatosis, inflammation, ballooning, NAS
scores in non-diabetics. (PIVENS 43% vs 19%, TONIC 58% vs
28%) Resolution of NASH compared to placebo (PIVENS 52% v
23%)
Unclear effect on fibrosis.

UDCA (“Ursodiol”) No histologic benefit

Omega-3 fatty acids No clear benefit in limited POC studies. Can be considered in
NAFLD patients with hypertriglyceridemia.

Chalasani N, et al. Hepatology. 2018 Jan 1;67(1):328-57



Vitamin E & Pioglitazone (PIVENS

A Alanine Aminotransferase B Aspartate Aminotransferase

0
Placebo

P

Placebo
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Sanyal AJ, et al. N Engl J Med 2010; 362:1675-1685.



Vitamin E & mortality risk

Fipure 3. Dose—response relationship between vitamin E supplementation and all-cause mortality in randomized, controlled trials.
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Pearl:

e Address CVD risk factors!!



NAFLD: Address CVD Risk &
Dyslipidemia

* NAFLD = “risk marker” for CVD

e Possible mechanistic links

CVD risk factor modification should be approached
aggressively

* Treating dyslipidemia in patients with DM & MetS reduces CVD and
improves mortality

GREACE Study:

e Statins improve transaminases presumed attributed to NAFLD

Studies have demonstrated statin safety in patients with
liver disease regardless of transaminases

AASLD (2018):

“Several studies have established the safety of statins in patients with
liver disease regardless of baseline elevation in liver chemistries.”

Chalasani N, et al. Hepatology. 2018 Jan 1;67(1):328-57



AASLD (2018):

“Several studies have established the safety of statins in patients with liver
disease regardless of baseline elevation in liver chemistries.”

A

a0

8o

70
= b0+

5
504

100 —A— Y-glutamyl transpeptidase

#— Alanine aminotransferase
- Aspariate aminotransferase

Statin

No Statin

B

B S

s

Meonths

LTs in group A2

Time [months]
—@— ALT —O—AST —A— GGT —m— AP

LTs in group B2

LDL<130

Time [months]
—@— AT —O—AST —— GGT —m— AP

Lancet. 2010 Dec 4;376(9756):1916-22
Arch Med Sci. 2011 Oct;7(5):796-805.




Pearls

»Weight loss and diet modification remain the mainstays
of NAFLD therapy

»Addressing dYinpidemia and CVD risk should be
priorities in all patients with elevated risk profiles
(ASCVD)

»Vitamin E (rrr a-tocopherol) can be considered in NASH
Eatients with advanced fibrosis or in NAFLD patients at
igher risk unable to meet lifestyle goals

» Pioglitazone can be considered in patients +/- DM-II
with NASH and biopsy-proven advanced fibrosis

» Cirrhotic patients need HCC & varices screening, OLT
referrals.



NASH and Liver Transplantation

e NASH will become the most common indication for
OLT in forthcoming years.

* Good Practice: Refer cirrhotic patients early!
* MELD > 10 or HCC.

* Higher BMI = increased risk of mortality and
allograft failure

e Sleeve gastrectomy as adjunct at time of OLT.




Other Considerations:

 HCC Screening in patients with NASH cirrhosis
 RUQ US +/- AFP every 6 months

* Varices Screening in NASH cirrhosis

e Other considerations:
* Encephalopathy
* Renal Function
* Ascites

* Immunizations
e Concomitant liver disease



Monitoring NAFLD/NASH

e NAFL or NASH without advanced fibrosis:

e Obtain serum aminotransferases g 3-6 months as patients try
to meet their weight goals

* |f the aminotransferases do not return to normal levels with
weight loss or if they increase = liver biopsy (if not done) and
consider other causes.

* Unable to meet goals or felt at risk, refer to Gl-hepatology

 NASH with fibrosis on biopsy (but not cirrhosis)
* Non-invasive assessment g 3 years (biomarkers, VCTE)
* More aggressive if unable to meet their goals or LFTs are not
improving.
* If fibrosis is worsening on monitoring, consider repeat liver
biopsy

Note: guidance is less clear on this. If in doubt refer to hepatologist.



Pearls:

» Referral to a hepatologist

 Aminotransferases that remain elevated despite loss of
>5-7% of body weight (to evaluate for other etiologies of
liver disease)

* Clinical features of advanced liver disease (eg, ascites,
splenomegaly, jaundice)

» Steatohepatitis on liver biopsy

Advanced fibrosis (fibrosis stage >F3) on a noninvasive
liver assessment

e Refer cirrhotic patient with MELD >10 to a transplant
center.



Thank You

e Questions?
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