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Diabetes Treatment and NAFLD/NASH

Does diabetes control, and the means for achieving it, affect various phenotypes of NAFLD?

1. Does diabetes control improve NAFLD?
— Treating hyperglycemia

2. What about the means of achieving
control on NAFLD or NASH?

— Treating insulin resistance

3. What about phenotypes: do they impact
response to treatment?

— Path to individualized treatment?



The Prevalence of NAFLD* Increases with Hyperglycemia in
Patients with T2DM and Normal AST/ALT Levels
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*Screened by the gold-standard magnetic resonance and spectroscopy Portillo et a|' JCEM June 2015’ 100:2231-2238.




Effect of Weight Loss on NAFLD/NASH:
Few studies focused in T2DM

* Reduction in hepatic steatosis (by *H-MRS):
proportional to the degree of weight loss

— LOOK AHEAD (Lazo et al, Diabetes Care 2010)
— Bacchi et al (in pts with T2DM, Hepatology 2013)

— Bariatric surgery — many studies, few in T2DM only

« Histological improvement proportional to
welight loss (Lomonaco et al, Drugs 2013)

— Promrat et al, Hepatology 2010 (non-diabetics)
« Mechanism(s) — multifactorial

— Decreased IR, lipotoxicity, subclinical inflammation
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Effect of Lifestyle Intervention in NAFLD

Author Type of Duration Main intervention Weight loss Change in liver
{year) study (n) {weeks) fat by MRS
Tamura [28] (2005) RCT 2 Hypocaloric diet + exercise 11.5% vs. |2.3%* 121% vs. | 209%"
(n=14)} Diet (—25% kcal) | 10%**" | 3794
Larson-Meyer [57] (2006) RCT 24 Diet + exercise L 10%%%*4 | 299+
(n=48) Diet (—15% WR) J14%5%A | 0%+~
Kantartzis [31] (2008) Uncontrolled 39 Hypocaloric diet + aerobic 13.5%* 1 359%**
(n=50) exercise (moderate)
Shah [56] (2009) RCT 24 Hypocaloric diet + exercise 19% vs. | 10%* | 4E% vs. |45%"
{n =18)
Lazo [32] (2010) RCT 48 Hypocaloric diet + exercise | 8% | 51%*
I:|"|I = g E:I Lagzo and Associate
Wong [58] (2013) RCT 48 Hy .
{n =154) ’

MRS, magnetic resonance imaging and spectroscopy; RCT, randomized, controlle

n=based on number of completers.
*p<0.05and

**p < 0.01 when compared against control (vs. baseline for uncontrolled studies).

*p NS between groups comparisons.
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University of Florida, Gainesville, FL, USA
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From Obesity/Lipotoxicity to NASH and Cirrhosis
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Cusi K, Gastroenterology, April 2012, 142:711-725




Diabetes Treatment and NAFLD/NASH

2. What about the means of achieving control
on NAFLD or NASH?

— Treating insulin resistance, subclinical inflammation



Current Therapeutic Agents in T2DM:
Effect on Liver Triglycerides and Histology

Treatment Mechanism of action Liver fat by imaging Liver histology

Oral
Metformin [3845-48 Insulin-sensitizer g Unchanged
Pioglitazone [5 PPARy agonist Improved
Sitagliptin [72, 80, 8 DPP-4 inhibitor
Vildagliptin [82] DPP-4 inhibitor
Canagliflozin [90] Inhibits renal glucose reabsortion
Dapagliflozin [91, 92] Inhibits renal glucose reabsortion

Injectable
Exenatide [70] GLP-1 receptor agonist n/a
Liraglutide [69-75] GLP-1 receptor agonist Improved

*NAFLD assessed by ultrasound, **NAFLD assessed by CT, ANAFLD assessed by MRI/"H-MRS, n/a: data not available

* Insulin: may lower intrahepatic triglycerides but no data on liver histology

Portillo-Sanchez and Cusi, Clinical Diabetes and Endocrinology 2:9, 2016



Liraglutide in NASH: LEAN study

Liraglutide Placebo Relative risksormean  pwvalue* 1
changes (95% Cl) from
baselineto 4Bweeks 0 |[-—--—--—- e
(liraglutide vs placebo) P,
Primary outcome
Mumber of patientswith 23 22
aired liver biopsi -
Patients with resolution of 9{39%) 2 [9%) 43(1-0to177) 0019
non-alcoholic steatohepatitis
ological param
Total NAFLD activity score
Change in score -13(1-6) -0-8(1-2) -05(-1-3t00-3) 024 End iof 3 month
Patientswith improvement 17 (74%) 14 (64%) 12 (0-8t01.7) 0-46 "Eﬂl"'"!m f':"':""'""'l""
Hepatocyte ballooning score 48 B0
Mean change -0-5 (07} -0-2 {0-B) -03 (-0-7to01) 015
Patientswith improvement 14 (61%) 7 (32%) 1.9 (1-0to 3-8) 005

Steatosis

Change in score -0-7 (0-8) -0-4 (0-8) -0.2 (-0-6to0-2) 032
Patientswith improvement 19 (83%) 10 {45%) 18 (11to3-0) 0009
Lobular inflammation

Change in score -0-2 (0-6) -0-2(0-5) -0-01 (-0-3 10 0-3) 0-97
Patientswith improvernent 11 (48%) 12 (55%) 09 (0:5t01-6) 0-b5
Kleiner fibrosis stage
Change in score -0-2 (0-8) Q-2 (1-0) -0-4 (-0-8 to 0-1) 011
Patientswith improvernent 6 (26%) 3 (14%) 1.9 (0-5t0 6-7) 0-461
Patients with worsening 2(9%) 3 (36%) 0-2 (01 to 1-0) 0-041

Armstrong et al. Lancet 2016 387:679-90.



Liraglutide in NASH: LEAN study

Metabolic factors Pts with T2DM: 9/26 (35%) in liraglutide arm|

Glucose (mmol/L) 60 (17) 61(15) 8/26 (31%) in placebo arm

Insulin (pmolfL) 166 (80) 257 (289)

HOMA-IR {glucose [mmol/L]= insulin 67 (47) 0-6 (9-8)
[mmol < UfL])

Glycated haemoglobin A, s { - _{_ _ T )
Absolute concentration (mmolf mol) 41-2 (7-8) . End of 3montn

treatment..__ Fodlow -up

Percentage of total haemoglobin (%) 5-0% (0-7%) 6-0% (0-9%) ' : 60

Hod,, {romol /rmcd)

Mean (5D) change from baselineto 48weeks  Mean (95% (1) changes from p value*
baseline (liraglutide vs placebo)

Liraglutide (n=23) Placebo (n=22)

Metabolic factors
Glucose {(mmaol/L) -1-0(1-5) 072(2:3) -1.67 (-2-81to-0-53)
Inswlin (prnol/L) -15-9 (54-7) -34.7 (164-1) -4.0 (-75-0t0 67-0)

I HOMA-IR (glucose [mmol/L]x insulin [mmol = U/L]) -1-8(37) 070 (59-49) 274 (7-24 10 1:76)

Glycated haemaoglobin A,,
Absolute concentration (mmol mol) -57(6-9) 0-00(87) -5-18 (-9-91 to -0-44)
Percentage of total haemoglobin (%) -0-53% (0-64%) 0-00% (0-80%) -0-48% (-0-91% to -0-05%)
Mon-esterified fatty acids (pmol/L) -242 (374) -121(297) —49 (-200 to 101)

ADIPO-IR {fasting non-essential fatty acid -8-0(101) -7-6(323) -6-34 (-15-09 to 2-41)
[mmaolfL]x insulin [mmol = U/L])

Saxenda (liraglutide 3 mg)? Semaglutide?

Armstrong et al. Lancet 2016 387:679-90.



Rationale for Pioglitazone in NASH
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A Placebo-Controlled Trial of Pioglitazone
in Subjects with Nonalcoholic Steatohepatitis

Renata Belfort, M.D., Stephen A. Harrison, M.D., Kenneth Brown, M.D.,
Celia Darland, R.D., Joan Finch, R.N., Jean Hardies, Ph.D., Bogdan Balas, M.D.,
Amalia Gastaldelli, Ph.D., Fermin Tio, M.D., Joseph Pulcini, M.D.,
Rachele Berria, M.D., Jennie Z. Ma, Ph.D., Sunil Dwivedi, M.D,,

Russell Havranek, M.D., Chris Fincke, M.D., Ralph DeFronzo, M.D.,
George A. Bannayan, M.D., Steven Schenker, M.D., and Kenneth Cusi, M.D.

ABSTRACT

BACKGROUND

No pharmacologic therapy has conclusively proved to be effective for the treat- From the un
ment of nonalcoholic steatohepatitis, which is characterized by insulin resistance, ence Center

. . ! : . . e K.B., |.F. J.H
steatosis, and necroinflammation with or without centrilobular fibrosis. Pioglita- )z MJ. c é‘ ,



Role of Long-Term Pioglitazone in Patients
with Prediabetes or T2DM and NASH

P;ﬁ::fn;s e Patlents excluded (n = 75)
StUdy Flow g Absence of NASH: 38
. .| Consent withdrawn: 12
"] Lost to follw-up: 9
DI ag r am Paﬂents:andnmly Pl dectsion: 4
assigned (n = 101) Other reason: 12
¥ ¥
Patlents recelving Patlents recelving
Consent withdrawn*: 5 [«— | . m:r:nth 1:tl‘.n r:ha} e
Lost to follow-up: 3 onsent withdrawn*®:
Adverse event: 1 Lost to follow-up: 3
i — > B — :
Y ¥

Patlents Included In analysls| |Patlents Included In analysis
of primary outcome (n = 51)| |of primary outcome {(n = 50)

E::tsfn“: ;;r;::mm;': 4 Consent withdrawn®: 4
up: Lost to follow-up: 2

Resolution of NASH Pl decislon: 1

(patient withdrawn by PI): & )

A
Y

Y Y

Patlents who completed| | Patlents who completed 18 mo of
18 mo of open-label | |open-label ploglitazone (for a total of
ploglitazone (n = 29) || 36 mo recelving medication (n = 34)

UNIVERSITY of

FLORIDA Cusi et al, Ann Intern Med June 21, 2016. [Epub].
College of Medicine

UF




Role of Long-Term Pioglitazone in NASH
Methods - Study Design

Volunteer P10 30 mg/day (8 weeks),

with then 45 mg/day
presumable

NASH

Screening End of Continue
Randomization RCT == oOpen
Run-in (18 mo) label
(4 weeks) Placebo (18 mo)
- ~ J
Studies: Followed at GCRC g2-4 weeks E Repeat baseline studies:

1) Liver biopsy

2) Liver fat by MRS

3) % body fat (by DXA)
4) Insulin clamp, OGTT

1) Liver biopsy | y
2) Liver fat by MRS m

v & Ny
3) % body fat (DXA) B .
4) Insulin clamp, OGTT



Patient Characteristics

Table 1. Baseline Patient Characteristics*

Characteristic Placebo Pioglitazone
(n=51) (n = 50)
Mean age (5D), y 49 (11) 52 (10)
Male, n (%) 35 (69) 36 (72)
T2DM, n (%) 28 (55) 24 (48)
— Ethmiciy, 78]

White 11 (22) 14 (28)

Hispanic 37 (73) 31 (62)

Other 3 (&) 5(10)
Mean weight (SD), kg 99.2 (17.0) 98.2 (16.5)
Mean body mass index (5D), iu:g;h«"rnE 34.5(4.8) 34.3 (4.8)
Mean total body fat by DXA (SD), % 34 (8) 33 (7)
Mean fasting plasma glucose leval (5D)

mmaol/L 6.7 (1.5) 6.9 (1.6)

mg/dL 121 (27) 124 (29)
Mean £-h plasma glucose level (50)

mmaol/L 11.3(3.8) 11.7 (4.3)

mg/dl 203 (64) 211 (78)
Mean hemoglobin A, _ level (5D}, %

Patients without T2DM 5.7 (0.5) 5.7 {0.5)

Patients with T2DM 6.8 (1.0) 7.1 (0.9)

UNIVERSITY of

FLORIDA Cusi et al, Ann Intern Med June 21, 2016. [Epub].

College of Medicine
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Effect of 18 Months of Pioglitazone Treatment on
Primary and Secondary Liver Histologic OQutcomes*

Table 2. Effect of 18 mo of Pioglitazone Treatment on Primary and Secondary Liver Histologic Outcomes*

Qutcome Placebo (n = 51) Pioglitazone (n = 50) Treatment Difference (95% CI) P Value
Primary outcome
z2-point reduction in NAS (in 2 2(17) 2% (58) A1 (23 to 59) =0.001
categories) without worsening of
fibrosis, n (%)
_Secondary outcomes
Resolution of NASH, n {%H 10(19) 26(51) 32(13to0 51) =0.001
Sieaiosis
2 1-point improvement, n (%) 13 (28) 35(71) A4 (25 to 63) <0.001
Mean change in score (5D} -0.2 (0.8) =-1.1(1.0) -0.9(-1.3 to -0.5) <0.001
Inflammation
z1-point improvement, n (%) 11 (22) 25 (47 27 (8 to 46) 0.004
Mean change in score (50 —0.1(0.8) —0.6(0.9) —0.6{-0.91t0 -0.2) =0.001
Ballooning
2 1-point improvement, n (%) 12 (24) 251(51) 27 (7 to 47) 0.004
Mean change in score (50 -0.2(0.7) —0.6(0.8) —0.4{-0.7 to -0.2) 0.001
Fibrosis
z1-point improvement, n (%) 13 (25) 20(3M 14 (-6 to 34) 0.130
Mean change in score (50) 0(1.2) -0.5(1.0) -0.5{-0.9 10 0) 0.03%9

MNAS = nonalcoholic fatty liver disease activity score; NASH = nonalcoholic steatohepatitis.

* Multiple imputation was used to impute missing histologic data for patients who did not complete 18 mo of therapy (Appendix). Numbers of
patients may not always seem to match the proportion because they were estimated from the combination of 40 imputed data sets.
1 Defined as absence of NASH after 18 mo of therapy in patients with definite NASH at baseline.

UNIVERSITY of

FLORIDA Cusi et al, Ann Intern Med June 21, 2016. [Epub].

College of Medicine
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Effect of Pioglitazone on Primary and Secondary
Liver Histologic Outcomes at 18 months*

100 = [] Placebo
: P <0.001 [] Pioglitazone
T g0 - |
£ P = 0.004
2 P = 0.007
S 60 4 — |
3 P=0.18
=
=
A
it
-
:'“—_': 20 —
iy
o
0
Steatosis  Inflammation  Ballooning Fibrosis
* |n patients with paired biopsies
UF i:“]:V(E)[ii'ﬁ)A Cusi et al, Ann Intern Med June 21, 2016. [Epub].




Effect of Pioglitazone on Primary and Secondary
Liver Histologic Outcomes at 18 months*
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Plasma Adiponectin after 18 months of Pioglitazone or Placebo,
and after 18 or 36 Months of Pioglitazone

- Pioglitazone vs. placebo  Open-label pioglitazone
2 7 (all patients) E
5 | §
'-‘h" | '
m I : —_—
g 07 F
5 ' Pioglitazone :
.E -?,-:
E 20— Pioglitazone et |
a : : L7 :
g i -~ Pioglitazone -
o 10— ________;'_'_'_';E;L" -------------------
- T .
- Placebo :
(' : . I
0 18 26

Month
FLORIDA Cusi et al, Ann Intern Med June 21, 2016. [Epub].

College of Medicine
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Long-term Durability of Thiazolidinediones
on Glycemic Control
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DeFronzo RA, Diabetes. 2009; 58:773—795.



Limited Durability of Sulfonylureas Compared to
Thiazolidinediones on Glycemic Control

Glyburide Glyburid
Glimepiride yburide

O Alvarsson (n=39)
<) Alvarsson (n=48)
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< Gliclazide UKPDS (n=1,573)
Chicago (n=230)
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DeFronzo RA, Diabetes. 2009; 58:773—795.
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Adverse First 18 mo Open-Label Phase

Placebo Pioglitazone Patients Starting Pioglitazone
Events {n = 51) {n = 50) Pioglitazone (months 18-36)
Therapy (n = 36) {n = 40)
Mild adwverse events, n
Cardiovascular & 2 10 &
Respiratonyfotolaryngologic 12 14 15 14
Gastrointestinal 17 13 12 14
Endocrinologic 0 0 0 1
Meurclogic & & a 5
Gynecologic 2 1 0 1]
Urologic 3 & b 7
Hematologic 3 7 F) 5
Dermatologic & & 3 7
Musculoskeletal 21 23 22 2&
Asthenia a 5 ] 3
Cither 1 g 4 7
Maoderate to severe adverse events, n
Cardiovascular
Atypical chest pain 1 1 0 2
Pulmonary thromboembolism 0 0 1 0
Falpitations/arhythmia 1 0 1 0
Hypertension/hypotension 0 0 1 2
Chronic lower limb edema 3 11 5 0
Gastrointestinal
Pancreatitis i) 1 0 1]
Chiolelithiasis 0 0 1 2
Diverticulitis 1] 0 2 1]
Gastritis 1 0 1 2
Alaninefaspartate aminotransferase level 1 0 ] 1
elevations
Endocrinologic
H Iycemic episodes g* 4 161 10
Osteoporotic fractures 0 0 0 0
=0_5-point red uction in T-score in femoral neck 2 1 2 3
Diagnosis of adrenal carcinoma 0 0 1 0

* 2 patients (both receiving glipizide and 1 also receiving insulin) had 3 episodes each.
1 1 patient {also receiving glipizide) had 7 episodes, whereas ancther [also receiving glyburide and insulin} had 4.

UNIVERSITY of

FLORIDA Cusi et al, Ann Intern Med June 21, 2016. [Epub].

College of Medicine

UF




Adverse Events (continued)

MNeurclogic
Drissociative amnesia 0 1 0 0
Mewly diagnosed peripheric neuropathy 1 1 2 1
Cephalea/migraine 2 0 1 0
Drizziness 1 0 0 0
Insomnia 0 1 ] 0
Gynecologic
Chariam cyst rupture 0 0 0 1
Uterine bleading 0 1 0 0
Yaginal yeast infection 0 0 1 0
i ; T t £ tr 4
Urinary tract infection 1 1 1 1
Urine retenticn 0 0 2 0
Kidney stones 0 0 o 2
Hematologic
Anemia 2 2 0
Thrombocytopenia 0 o 0
Other
Biopsy-related 3 1 1 1
Motor vehicle accident 0 1 o 0
Perforation secondary to diverticulosis 0 0 1 0
Conoussion 0 0 1 0

FLORIDA

College of Medicine

UF

Cusi et al, Ann Intern Med June 21, 2016. [Epub].




PIOGLITAZONE:

CVD reduction or prevention of
progression of atherosclerosis in T2DM

= PROACTIVE (Lancet 2006)

= CHICAGO (JAMA 2007)

= PERISCOPE (JAMA 2008)

» |[schemic stroke-TIA study (2016)
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ”

Pioglitazone after Ischemic Stroke
or Transient Ischemic Attack

W.N. Kernan, C.M. Viscoli, K.L. Furie, L.H. Young, S.E. Inzucchi, M. Gorman,
DM Crneion AR L cvnice DAL Dadem=i B Coqyit, LM, Brass,* G.G. Schwartz,

. Coull, G.A. Ford, D. Kleindorfer,
.D. Spence, D. Tanne, D. Wang,
al InvestigatorsT

Pioglitazone

Placebo

Hazard ratio, 0.76 (95% Cl, 0.62-0.93)

0804, p_0.007

y

0.00
0

I [ I I

]
1 2 3 4 5 Kernan et al, NEJM February 17, 2016



Weighing Mortality Risk and Benefits of Pioglitazone

S Key: ’ﬂ' 1 death per 100,000 population
Carse |2 | pioglitazone ﬁ 1 fewer death due to pioglitazone
death 100,000 Risk |Deaths ﬂ 1 extra death due to pioglitazone

TARIAARRARRRARRARREAARRRRARARARRARARRANRARRARRARAR
Hoart ARARARRRARRAARRAARRARRARARRAANARARRRRAAAARAAARARAS

Discase = 1 | 2% | ¥ SAAAARARAARARARAARAARRARAARAARARAARRNRRAARARRARA

biabetes 22 | 2% | «+  fifAREARARRARRRARRRINE

NAFLD- & *Deaths from cirrhosis and hepatocellular carcinoma
5 =20% =1 '
related” 'Hﬁ'nﬂﬂ" assuming one third of these are due to NAFLD

Lung s0 0% 5 | TRRRRRRRRRRRRRARRARARAANARNARAAARANAORNAAANANAAAAND
Sl 23 0% 2 MRRRARARAAARARRAAAAARAS
ﬂ:‘f 16 0% 2 feafanftRfaffnaRne

Soccio et al, Cell Metabolism 2014, 20:573-591



Diabetes Treatment and NAFLD/NASH

3. What about phenotypes: do they impact
response to treatment?

— Path to individualized treatment?
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The Evidence that NAFLD
has a Genetic Component

Not all patients with a similar phenotype develop NAFLD
Not all patients with NAFLD progress to NASH
Progression to cirrhosis and HCC also highly variable

Ethnic differences:
— African Americans have less steatosis, but also develop NASH

— Hispanics are believed to develop more NAFLD — but not when
matched for prevalence of adiposity (Lomonaco, Hepatology 2011)

Familial aggregation studies, twin studies

Candidate-gene studies have only identified a small number
of genes that are strongly associated with NAFLD

GWAS approach has been more useful



Little Commonality in Genetic Variants Identified in
GWASSs that may Influence the Susceptibility to
NAFLD and NASH

Anstee and Day, Semin Liver Dis 2015;35:270-290.



Role of PNLPA3 in the Development of Hepatic Steatosis

Lipid droplets
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insulin resistance
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® Association with NAFLD replicated in many studies, including 8 GWAS studies

Dongiovanni, Romeo and Valenti BioMed Research International 2014: 1-10



Role of PNLPA3 in the Development of Fibrosis
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reatment of Diabetes in NAFLD:

Conclusions
* Role of hyperglycemia on NAFLD/NASH:

— Hyperglycemia associated with worse steatosis.
— Effect of controlling hyperglycemia unknown.

* Role of treating IR in NASH:

— Pioglitazone and GLP-1RA have significant benefit on
resolution of NASH, but confounded by changes In
weight and other factors.

« Effect of NAFLD phenotype on treatment
response:

— Unknown, but potential to identify “higher risk™ patients
and develop improved intervention algorithms.








