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The war on 
NASH is far 
from over!!
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Liver biopsy=stage 3 fibrosis
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15-year change in
fast-food frequency
(times per week)<1 1–2 >2

0
<0

0–1
>1

Pereira MA. Lancet 2005;365:36–42
Bonora E. Diabetes 1998;47:1643–9
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HOMA-IR 
change
(units)

Baseline fast-food frequency
(times per week)

Aging 
population

Aging 
population

ObesityObesity

Insulin resistance/
diabetes

Insulin resistance/
diabetes

Overall prevalence 
estimated to be ~45%

Sedentary 
lifestyle

Sedentary 
lifestyle

Poor dietary 
habits

Poor dietary 
habits

EthnicityEthnicity

HOMA-IR = homeostasis model assessment
of insulin resistance
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Liver Biopsy is still considered necessary to 
distinguish fatty liver alone from the more 
aggressive NASH





������
��'���%�������#��


Steatosis and Necro-
inflammation

Fibrosis
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BAMC 2009, n=255 (Williams et al, AASLD 2009) 

46.3%

60.3%

41.7%
44.8%

13.1%

31%30%

45%

33%

24%

Dallas Heart Study Prevalence Numbers (Browning et al, Hepatology 2004;40:1387-95)
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n=54

Caucasian
n=179

African American
n=33

n=266

BAMC-2009. Data on file
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39.1%

58.1% 60.9%

87.1%

NASH, N=31

P
re

va
le

nc
e

� 1 per week � 1 per week

p=0.017

p=0.078

38.7%

64.2%

Negative Ultrasound, N=137
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Courtesy of Goodman, ZCourtesy of Goodman, Z

Histologic Progression of NASHHistologic Progression of NASH

Stage 0Stage 0 Stage 1           Stage 2           Stage 3             Stage 4Stage 1           Stage 2           Stage 3             Stage 4
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Fatty Liver 
Alone

Stage 0 Stage 1-2 Stage 3-4 P value

Age 47 46 47 55 <0.001

BMI 32 33 33 35 <0.001

Female 39% 36% 53% 63% <0.001

HTN 47% 70% 61% 69% <0.001

Diabetes 15% 23% 34% 60% <0.001

ALT (U/L) 68 80 92 67 <0.001

AST (U/L) 42 47 62 70 <0.001

AST/ALT 0.7 0.6 0.8 1.2 <0.001

QUICKI 0.318 0.299 0.305 0.296 <0.001

Harrison SA, GUT 2008
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Feldstein, Hepatology 2009





���&
������
����

1.00.80.60.40.20.0

1 - Specificity

1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity

AUC = .81

ROC Curve • ��&�������� A8(.���
���B

– ��$� � 6>�A2���
��B

– ���4�������
�� � 8	>�A6���
���B
– �������������
�5�����A2���
��B

• �
����
�
C���
����8(2�!��6(.
– � ��8	>2���������
��
���

��!�������
5���
�

– D&?27
– #����
!������
��
!��!��%��-/0

Harrison SA, GUT 2008



#�'�� ����������

• ����
�!���%�����
�������%���������������������
!��� �
������
�����%�����������
– 2�����������?�.68����
�����;
���#�'��

• $�����
���������
����������%��������690�����������
���������;
���230������
!����
�����

– 6D��������?�>27����
�����;
����%��������#�'��
• ����
�!���%�����
������
����������������%���������� �

– 3&��
E������?�������
���������!���22	2���������
���� ����;(
%��;���.90

• ��������������%������������;������

1. Adams et al, Gastroenterology 2005
2. Ong et al, J Hepatology 2008
3. Rafiq et al, Gastroenterology 2008-Abstract
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Torres DM, Harrison SA.  Gastro 2008.
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Main effect Result
Reduced hepatic FFA supply ¯ TAG synthesis

¯ Hepatic insulin resistance
¯ Hepatic glucose output
¯ ROS generation
¯ Hepatocyte inflammation

Improved extra-hepatic insulin 
sensitivity® reduced 
circulating insulin levels 

¯ De novo lipogenesis (¯ SREBP-1)
­ VLDL export
¯ Fibrosis

¯ Adipose tissue inflammation ¯ Pro-inflammatory cytokines
­ Leptin sensitivity (̄ SOCS-1)
­ adiponectin

Harrison and Day, Gut 2007



&��%�������D��
�������%��
-- Orlistat group lost mean of 8.2% body weightOrlistat group lost mean of 8.2% body weight
-- Diet alone group lost a mean of 6% body weightDiet alone group lost a mean of 6% body weight
-- No difference between groups in reference to histologic outcomeNo difference between groups in reference to histologic outcomess

Harrison et al, Hepatology 2009
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Weiss EC et al. Am J Prev Med 2007;33:34-40
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Longitudinal study with 
increase in physical 
activity and diet 
modification

50 NAFLD patients 
and 120 controls

Total, SQ abd, 
and visceral 
adipose tissue 
improved with 
exercise

Measurement of fitness at 
baseline predicts effectiveness 
of a lifestyle intervention in 
reducing steatosis

Kantartzis et al, Gut 2009;58:1281-1288
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Study N Surgery Follow-Up
Change in

Wt/BMI Effect on NASH (score)
Dixon 30 LAGB 29.5 months 34 kg NASH 80% resolved 

Furuya 18 RYGBP 24 months 19.3 kg NASH 50% resolved

de Almeida 16 RYGBP 23.5 months 22.3 kg/m 2
Complete regression lobular 

inflammation and Mallory bodies 

Barker 19 RYGBP 21.4 months 52.4 kg NASH 89% resolved  

Mattar 70

RYGBP (41)
LSG (23)
LAGB (6) 15 months 103 lb

80% improved steatosis,
37% resolved steatosis and 

inflammation,
20% resolved fibrosis 

Mathurin 50
Biliointestinal 
bypass, LAGB

12 months 27 kg NASH 75% resolved,
Fibrosis Increased (0.14 to 0.38)

Mottin 90 RYGBP 12 months
46.7 kg/m 2

NASH 54.4% resolved

Clark 16 RYGBP 305 days 118 lb NASH 81% resolved 

LAGB = laparoscopic adjustable gastric banding; RYG BP = Roux-en-Y gastric bypass; LSG = sleeve gastrec tomy.
Dixon et al. Obes Surg. 2006;16:1278-1286; De Almeida et al. Obes Surg. 2006;16:270-278; Barker et al. Am J 
Gastroenterol. 2006;101:368-373; Mattar et al. Ann Surg. 2005; 242:610-620; Furuya et al. J Gastro Hepatol 2007;22:510-
514; Mathurin et al. Gastroenterology. 2006;130:1617-1624; Mottin et al. Obes Surg. 2005;15:788-793; Clark et al. Obes 
Res. 2005;13:1180-1186.
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Longer 
F/U, more 
complete 
resolution 
of NASH



����F�
��C������������
���%����,



Rosen et al., J Biol Chem 2001
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Collagen, Identified with Sirius Red Stain

Patient 32

Pre-Treatment Post-Treatment
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Study N
Study 

Design Study Drug Dose Duration
Insulin 

Sensitivity Histopatho

Belfort et al 55 RCT Pioglitazone 45mg 6 months Improved Steatosis, 
inflam, 

ballooning, 
NAS

Aithal et al 74 RCT Pioglitazone 30mg 12 
months

Not 
improved

Ballooning*

Sanyal et al 247 RCT Pioglitazone 30mg 24 
months

Improved Steatosis, 
inflammation, 

NAS 
(ballooning 

p=0.08)

Ratziu et al 63 RCT Rosiglitazone 8mg 12 
months

Improved Steatosis, no 
improvement 

in NAS
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Benefits Risks

- Adiponectin

- Hepatic insulin sensitivity

- Steatosis

- Necro-inflammation

- ?? Cardiovascular risk w/avandia

- Triglycerides w/avandia

- Bone Loss/Fracture

- Weight gain, peripheral fat

- ?? Worsening of CHF
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Metformin N Study Design Dose Duration
Insulin 

Sensitivity Histopatho

Schwimmer et al 10 Open-label 500 mg bid 6 months Improved No biopsy. 
Steatosis 

improved on 
MRS

Uygen et al 36 Randomized 850 mg bid 6 months Improved No significant 
improvement

Nair et al 15 Open-label 20 mg/kg 12 months Improved No significant 
improvement

Bugianesi et al 110 Open-label Max dose 1 g bid 12 months Improved Improved
(17/55 had f/u 

biopsies)

Loomba et al 24 Open-label Max dose 2 g daily 12 months Not 
mentioned

14 pts 
completed: 

36% improved

Shields et al 19 RCT 500mg bid 12 months Improved No significant 
improvement
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p=NS

Steatosis

Avandia: 25.6%
Avandamet: 28.2%
Avandia-Losartan: 24.7%

Improvement

Necroinflammation

Improvement

Avandia: 15.5%
Avandamet: 3.5%
Avandia-Losartan: 11.6%

p=NS

Harrison-BAMC, Data on File 2009
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Fibrosis

Improvement

Avandia: 24.5%
Avandamet: 34.0%
Avandia-Losartan: 16.3%

p=NS

NAS

p=NS

Improvement
Avandia: 28.6%
Avandamet: 15.5%
Avandia-Losartan: 24.2%

Harrison-BAMC, Data on File 2009
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Responders vs Non-Responders

Male: 33.3% Responded
Female: 60.9% Responded

p=0.06

Harrison-BAMC, Data on File 2009
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Final NAS * Initial NAS Crosstabulation

Count

Initial NAS

Fiinal 
NAS

1 2 3 4 5 6 7 8 Tota
l

Delta 
NAS

0 0 0 1 0 0 0 0 0 1 +

1 0 0 1 3 2 1 0 0 7 0

2 0 0 1 4 3 0 1 0 9 -1

3 0 1 0 6 7 3 0 0 17 -2

4 0 1 0 5 4 1 0 1 12 -3

5 1 0 0 1 3 5 0 0 10 -4

6 0 1 0 0 0 1 1 0 3 -5

7 0 0 0 1 0 2 0 0 3

8 0 0 0 0 2 0 1 0 3

Total 1 3 3 20 21 13 3 1 65

Harrison-BAMC, Data on File 2009
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Remains the 
cornerstone of 
therapy!!!



�����%�
����$

• #����!�������
����;
����������
!����������������
!� ��������
• ������
�
�%����
��������"���
�����%����
������%���5� �


���
�%������������#�'������
����
– �
����
������������������������
����������
�������� ���

���
�!���K�280�;�
�������%��
��
– �
�����
�����
��� '�H� �����(3�� '�����;���
���
���

��%��������������%������%��������������
��
– ����������"���
�����������5���5��������5
������

�����
��
!��������3(.��
���4;������"����
���.88(����� �����
�
������%���5������
�����



�����%�
���$$

• ���
�����;
���#��
�����!����
��
�
������
���������� �����#��
�
���%���5�����������
����;
����
��������"���
�����%� ���
����5%��
���%�������%���5���
!������
���
�%�
�������G������� ���
A�
���
��C��� ���.9�����
��B�
���
��������"���
����� 
��������
�!��
��-(280�;�
�������%��
��LLLL


