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Non-alcoholic Fatty Liver Disease 
(NAFLD)

Rinella ME, et al. JAMA 2015;313:2263-73

25-30%
Non-alcoholic Steatohepatitis

(NASH)

70-75%
Non-alcoholic Fatty Liver (NAFL)

Steatosis
Lobular inflammation
Hepatocyte ballooning 
±Fibrosis

Steatosis
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Presentation Notes
NASH now is recognized to be part of a histological spectrum of disease that was later named NAFLD. Non alcoholic fatty liver disease or NAFLD is a spectrum of liver disease in individuals without significant alcohol consumption. 
Fibrosis may develop in NAFLD more commonly with NASH but may also occur without NASH. 

There is no universal definition for significant alcohol use. AASLD suggests significant alcohol use as more than 3 drinks a day in men, and 2 drinks in women.  One drink is about one can of beer or a glass of wine. 
<4% NAFL progress to cirrhosis, 20% NASH to cirrhosis
Secondary fatty liver disease by medications
Amiodaone, methotrexate, systemic glucocorticoids, tetracycline, tamoxifen, estrogen at does greater than those used for hormone replacement, anabolic steroids, valproic acid





Prevalence of NAFLD

Younossi ZM, et al. Hepatology 2019;69:2672-82

• Prevalence of NASH is estimated 1.5-6.45% in the United States
• Projected NAFLD prevalence 76 million in the United States, 52 million in 

the Europeans
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So what do we know about this disease now?
This is a epidemiology map showing the prevalence of NAFLD around the world. As you may see, this is not just a disease limited to the western countries, prevalence of NAFLD in Asia is also quite high which would be partially explained by the urbanization and genetic predisposition in these countries.  In the United states, the prevalence of NAFLD is about 24%, NASH about 6%. In another words, we have 76 million people have NAFLD and 23 million have NASH. So this is a very large patient population. 
Total US population 327.2 million in 2018



High prevalence of NAFLD/NASH in high-
risk population

In general population

In type 2 diabetes population 

In obese population 

In GP

In type 2 diabetes population

In obese population 

65-70%

1.5%-6.45%

≥70%

25%

25%-30%

25%-30%

NAFLD prevalence among adult population

NASH prevalence among adult population

Younossi Z, et al. Hepatology;2016;64:73-84; Bril F, et al. Diabetes Care 2017;40:419-30;
Anstee QM, et al. Nat Rev Gastroenterol Hepatol 2013;10:330-44
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Indeed, as the pathogenesis implicated, the prevalence of NAFLD is much higher in the type 2 DM and obese population about 70%.  NASH prevalence is about 25-30%.  It also appears the more metabolic features the patient has, the higher risk to have NAFLD.  



NASH increases all-cause mortality
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Ekstedt M, et al. Hepatology 2006;44:865-873

Isolated hepatic steatosis NASH

8.6% CVD
1.7% liver related 

15.5% CVD
5.6% extrahepatic malignancy
2.8% liver related
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There is growing evidence to show that NAFLD is associated with increased mortality.  this mortality is largely due to NASH. This is the longitudinal study followed 129 biopsy proven NAFLD for about 13.7 years.  It shows that people who has simple fatty liver disease has similar mortality compared to the general population. In contrast, NASH has significantly increased morality compared to non-NASH patients.  As you may notice, CVD is the leading cause of death in patients with NAFLD. 15.5% of patients died from CVD during the 14 years follow up.  Other common causes of death are extrahepatic malignancy and liver related condition including HCC.  
The absence of periportal fibrosis at baseline had a NPV of 100% in predicting liver related complications.  At follow up 69/88 78% pts had DM/IGT. Progression of fibrosis occurred in 41%. These subjects more often had weight gain >5kg, IR, more pronounced hepatic fat infiltration at follow up. 

Fibrosis: regression 18-22%; stable 40-43%; progression 34-42% (singh s et al. clin gastroenerol hepatol 2015; 13:4-643




Fibrosis stage correlates with mortality
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Dulai PS, et al. Hepatology 2017;65:1557-1565

• Meta-analysis
• 5 adult 

NAFLD 
cohorts

• 1495 patients 
with 17452 
patient years 
of follow up
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Subsequently, A meta-analysis study included 5 adult NAFLD cohort1495 patients with 17452 pt years of follow up showed that compared to NAFLD pts with no fibrosis, NAFLD pts with fibrosis are at an increased risk for all-cause mortality. The results were more pronounced as the risk of liver related mortality increased exponentially with each increase in the stage of fibrosis
These studies implicate that diagnosis of fibrosis appears to key component in terms of clinical outcomes.  

Studies have shown from CRN treatment trials there is a strong link between histologic resolution of NASH with improvement in fibrosis.  Lobular inflammation is not an associated factor. (Brunt EM, hepatology 2019;70)

Limitation: inability to adjust for comorbid conditions or demographics known to impact fiborsis progression in nafld
Inclusion of pts with simple steatosis and NASH without fibrosis in the reference comparison group




Population attributable fractions for HCC

Welzel TM, et al. Am J Gastroenterol 2013;108:1314-21

genetic disorder

HBV

HCV

alcohol

diabetes ± obesity 36.6%

23.5%

22.4%

6.3%

3.2%

• SEER-Medicare database
• 6991 patients with HCC
• HCV (OR 39.89), 

DM/obesity (OR 2.47)
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Patients with NAFLD also have increased risk for developing HCC.  This study looked at about 7000 patients diagnosed with HCC from the SEER database.  It shows viral hepatitis poses the highest risk for developing HCC compared to other etiologies, however Among individual factors, DM/obesity had the greatest PAF. eliminating diabetes/obesity could reduce the incidence of HCC more than the elimination of any other factor

Persons ≥ 68 years diagnosed with HCC (n = 6,991) between 1994 and 2007 were identified in the SEER-Medicare database. A 5 % random sample (n = 255,702) of persons residing in SEER locations were selected for comparison.
As anticipated, the risk of HCC: HCV OR 39.89, HBV 11.17, alcohol 4.06, metabolic disorders 3.45, DM/obesity 2.47. 




Mittal et al. Clin Gastroenterol Hepatol 2016;14:124

Occurrence of HCC with or without 
cirrhosis
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• 1500 VA patients 
with HCC (2005-
2010)

• 13% of patients 
with HCC do not 
have cirrhosis

• Risk of HCC in 
absence of 
cirrhosis: NAFLD 
(OR 5.4), 
metabolic 
syndrome (OR 
5.0)
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Another unique fact related to NAFLD associated HCC is that higher proportion of patients develop HCC without presence of cirrhosis compared to other etiology associated HCC. This raises a concern about how to effectively screen NAFLD patients for HCC



NASH is the leading cause for liver transplant in 
females and the second leading cause in males

Noureddin M, et al. Am J Gastro 2018;113:1649-59
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Requirement of liver transplant is another had outcomes related to NAFLD. Up to 2016 UNOS (united network for organ sharing/organ procurement and transplantation network database) data from 1/2004-12/2016. the indication for OLT due to HCV decreased for since 2014. indication for OLT due to NASH associated HCC also steadily increase



Economic burden of NAFLD related care

Younossi ZM, et al. Hepatology 2016;64:1577-86 
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There is also a significant economic burden related to NAFLD care. In the United states, annual direct medical costs are $103 billion ($1613 per patient). 
For patients not covered by health insurance, a liver transplant typically costs up to $575K or more for the procedure, including follow-up care and mediation for the first 6 months after the procedure
NAFLD related care include care for NAFL, NASH without fibrosis, with fibrosis, cirrhosis, decompensated cirrhosis, HCC, LT, post LT



NAFLD has 
become a 

major public 
health 
issue!

Prevalence
~25% population 

worldwide

Hard outcomes
- All cause and liver 
related mortality
- HCC
- Liver 
transplantation 

Economic burden
103 billion per year

Clinical significance of NAFLD
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So 3 decades later since the first article on NASH, this is where we stand today.  With high global prevalence, hard outcomes, and significant economic burden, NAFLD has become a major public health issue and calls for urgent action



Symptoms related to NASH
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Cook N, et al. Front Med 2019;6:61



Diagnosis of NAFLD

14

Steatosis NASH Fibrosis

>5% fat in the liver NAFLD activity score (NAS):
• Steatosis (0-3)
• Lobular inflammation (0-3)
• Hepatocyte ballooning (0-2)

0-2: Non-NASH
3-4: Possible NASH
5-8: NASH

F1: Perisinusoidal or 
periportal fibrosis
F2: Perisinusoidal and 
portal/periportal fibrosis
F3: Bridging fibrosis
F4: Cirrhosis
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So how do assess patients with NAFLD?  Diagnosis of NAFLD should include three components steatosis, steatohepatitis, and fibrosis with emphasis on fibrosis given its clinical significance.  
NAS is the most extensively validated and tested reference method for the assessment of NASH, which is the summation of steatosis, lobular inflammation and ballooning. 
Lobular inflammation at 200X magnification: <2 foci 1, 2-4 foci 2, >4 foci 3
Ballooning: few 1, many or prominent ballooning 2
F1a: mild, zone 3, perisinusoidal
F1b: moderate, zone 3, perisinusoidal 
F1c: portal or periportal 



Liver biopsy – “gold standard”

15

Macrovesicular steatosis
Lobular inflammation

Hepatocyte ballooning
Mallory-Denk body

Perivenular/pericell
ular (chicken wire) 
fibrosis 

cirrhosis

Yeh MM. http://emedicine.medscape.com/article/2038493-overview 
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Liver biopsy remains the definitive method for the diagnosis, staging, and classification of NAFLD. 
However, many limitations such as cost, sampling error, complications prohibit its routine use.  As a result, there has been a lot of effort made in developing non-invasive modalities for the diagnosis and staging of NASH. 

Steatohepatitis with steatosis and predominantly macrovesicular and inflammatory foci, composed predominantly of lymphocytes and Kupffer cells in the hepatic lobules
Ballooned hepatocytes and surrounding inflammatory cell including lymphocytes and Kupffer cells

Macrovesicular steatosis: the cytoplasm is replaced by a large bubble of fat that displaces the nucleus to the edge of the cell
Microvesicular steatosis: do not displace the nucleus






Non-invasive tests (NITs) - Steatosis
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Test Components Accuracy  
(AUC)

Fatty liver index 
(FLI)

BMI, WC, TG, GGT 0.85

Hepatic steatosis
index (HSI)

Sex, diabetes, BMI, ALT, AST 0.82

NALFD liver fat 
score

Metabolic syndrome, diabetes, 
insulin, AST, ALT

0.86

SteatoTest ALT, α2 macroglobulin, apo-A1, 
haptoglobin, sex, BMI, bili, GGT, 
cholesterol, TG, glucose, age

0.70

WC=waist circumference; TG=triglyceride;

Presenter
Presentation Notes
There are labs based NIT steatosis such as FLI, HIS with relatively good diagnostic accuracy.  However ,These scores have not gained much popularity as they do not add much to the information provided by clinical laboratory and imaging studies done routinely in patients with suspected NALFD

When the FLI, NAFLD-LFS, and HIS were retrospectively compared in the same cohort of 324 patients with suspected ANFLD and liver biopsy, their area under the receiver operating characteristic values for the diagnosis of steatosis did not differ (0.83, 0.80, and 0.81). 
The practical advantages of analyzing serum biomarkers include their high applicability (>95%), their good inter-laboratory reproducibility, and their potential widespread availability (nonpatented). However, none are liver-specific. Their results can be influenced by comorbid conditions and they require critical interpretation of results. 



Steatosis on imaging

Ultrasound CT MRI

Normal 
liver

steatosis
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Conventional US is the most commonly used imaging method for the diagnosis of hepatic steatosis because it is widely available, well established, well tolerated, and cheap. Normal liver has similar echogenecity compared to the right kidney cortex. Fat infiltration increases the echogenecity and therefore makes the liver parenchyma brighter than the kidney cortex.  However, US is not sensitive enough to detect steatosis when there is less than 20% of liver fat content and its accuracy also affected by obesity and coexistent renal disease. CT and MRI are more sensitive to detect steatosis than US but not the first line diagnostic methods due to cost and radiation risk. 

US can only detect steatosis with >2.5-20% liver fat content, accuracy also affected by obesity and coexistent renal disease. 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiAtsT2sMHjAhWOVc0KHcuVBwAQjRx6BAgBEAU&url=https://www.researchgate.net/figure/Normal-ultrasound-liver-pattern-Echogenicity-and-echodensity-of-the-liver-and-the-kidney_fig2_221915614&psig=AOvVaw2C4dbXgw1T_cKAxOsgtkXQ&ust=1563639412258512
https://en.wikipedia.org/wiki/File:Liversteatosis.png
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwij9Z2nscHjAhUBCM0KHfd4CA8QjRx6BAgBEAU&url=https://www.sciencephoto.com/media/482305/view/normal-liver-and-spleen-ct-scan&psig=AOvVaw3Z0_JNikHDMYSLQJ-nIrBL&ust=1563639496811540


Steatosis on imaging

Controlled Attenuation Parameter (CAP)
 Point of care technique
 Quantification
 Needs more validation

MRI Proton Density Fat Fraction (MRI-PDFF)
 High diagnostic accuracy 
 Quantify steatosis of the entire liver
 Not widely available
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There are relatively two new techiniques that can be used to diagnose and also quantify the fat in the liver CAP and MRI-PDFF.  CAP is measured simulaneouly with liver stiffness in the clinic setting. MRI PDFF is more accurate for fat quantification. However it’s not widely available and primarily used in the phase 2a proof of concept studies of treatment of NASH for go or no go decision to move to more advanced phase trials.  

CAP is a tool to assess and quantify liver fat content.  It is based on the physical phenomenon that the amplitude of ultrasound waves is attenuated more rapidly when they traverse across a steatotic liver. CAP is measured simultaneously with liver stiffness (LSM) using transient elastography.  CAP is only calculated if the stiffness acquisition is valid. As you can see, CAP overall has a decent PPV. 
High CAP eg. 339-400 overestimates fibrosis. ranges 100-400
Accuracy is around 87% for stages of steatosis.
Low accuracy if:
Interquartile range (IQR) >40 dB/m decibel per minute
BMI >30 kg/m2
F3-4 fibrosis 

MRI-PDFF is commonly used in the phase 2a clinical trials to assess the response of steatosis as a go or no-go decision point to move on to phase 2b studies



Non-invasive tests (NITs) - Steatohepatitis

19

Test Components Accuracy  
(AUC)

NashTest Age, sex, height, weight, TG, 
cholesterol, α2 macroglobulin, 
apo-A1, haptoglobin, total bilirubin, 
GGT, AST, ALT

0.84

Biochemistry:
• Mildly raised ALT >AST 
• ALT < 250 usually

• 40-60% patients normal range ALT
• ALT value does not correlate with histological findings

Presenter
Presentation Notes
NIT to diagnosis of NASH remains challenge as most of the lab based tests reply on small and highly selected population (mostly obese pts) and have not been externally validated. 

Nash test Proprietary formula including 13 variables
Most of these models rely on small and highly selected populations (morbidly obese patients) and have not been externally validated
None of the currently available serum markers are able to differentiate NASH from simple steatosis with high sensitivity of specificity, however, their diagnostic accuracy can be improved by combining different approaches.  



Non-invasive tests (NITs) - Fibrosis
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Test Components AUROC

Simple

FIB4 Age, platelet, AST, ALT 0.80

NFS age, BMI, diabetes, platelet, AST/ALT ratio, 
albumin

0.77

APRI platelet, AST 0.73

BARD score BMI, diabetes, AST/ALT ratio 0.70

Proprietary

FibroTest Age, sex, BMI, α2 macroglobulin, apo-A1, 
haptoglobin, total bilirubin, GGT

0.81

FibroMeter Age, platelet, AST, ALT, glucose, ferritin, weight 0.81

ELF Hyaluronic acid, PIIINP, TIMP-1 0.87

• Routine labs (thrombocytopenia, low albumin, prolonged INR)
• ALT/AST ratio (AAR) <0.8

Presenter
Presentation Notes
Many lab-based NIT has been developed to assess fibrosis which again the most important factor that linked to clinical outcomes. most common ones include FIB4, NAFLD fibrosis score and APRI.  FIB4 appeared to have more diagnostic accuracy compared to others. however, as you may noticed, the AUROC values for these tests are relatively low. 

Many serum biomarkers have been investigated for the diagnosis of NASH but cytokeratin 18 is by tar the one that has been the most widely investigated. CK18 fragments come from apopotosis of hepatocytes accomplished by the enzymescaspase 3 and can be measured in serum by immunoassacy. Metaanalysis AUROC 0.82, sensitivity 66-78%, specificity 82-87% for a CK18 value of 250 u/L
Limitations: lack of a commercially available clinical test, limited sensitivity at the individual level, considerable variability in the suggested cutoffs

FIB4 1.3-2.67, NFS -1.455 to 0.676
FIB4 1.46-3.25




Vibration Controlled Transient Elastography
(VCTE) – FibroScan®
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2 7.5 75 kPa10 14

F0-1 F2 F3 F4

VCTE
Cutoff

NPV PPV Sensitivity Specificit
y

7.6kPa 92.5% 43.2% 84.2% 63.8%

14.6kPa 96.8% 64.3% 81.8% 92.4%

Chen J, et al. Radiology 2017;283:418

Cirrhosis
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Elastography is an imaging based technique to assess fibrosis. it uses liver stiffness as a biomarker to indirectly assess the fibrosis. VCTE  is a quick and easy test that can be used in the clinical setting. It has very good NPV therefore useful to rule out significant fibrosis stage.  The limitation of fibroscan is its diagnostic accuracy is affected by obesity although this maybe partially overcome using a larger probe. 

The most common biomarkers is liver stiffness or elasticity as the collagen deposition associated with fibrosis imparts parenchymal rigidity. 
XL probe slightly overestimates steatosis. 

Advantages
Non-invasive
Acceptable sensitivity and specificity: 80%  
Quick: 15 min 
Ambulatory clinic setting
Immediate assessment 
Cost: $200
Surveillance 

Limitations
False positives (meals, alcohol, congestion, ascites, cholestasis)
Limited staging for fibrosis (F1-3)
Higher rate of failure in obesity (≈25%)
CAP not reliably differentiate between steatosis grades






MR Elastography (MRE)
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MRE cutoff NPV PPV Sensitivity Specificity

3.60kPa 94.1% 61.5% 84.2% 82.8%

4.52kPa 96.8% 60.0% 81.8% 90.9%

Chen J, et al. Radiology 2017;283:418
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mRe is using the similar physical philosophy with advantage to assess the entire liver and higher diagnostic accuracy. However due to it’s availability and the cost, It’s generally used in the clinical trials. 

Modified phase-contrast method to image the propagation of shear wave in the liver parenchyma
Advantages: 
More accurate than US-based elastography for detecting fibrosis
MRI-PDFF more accurate than CAP for diagnosing steatosis
Not affected by obesity
Simultaneous assessment for liver architecture, carcinoma, steatosis
Limitations: 
Maybe inaccurate in some conditions (acute inflammation, iron overload)
Cost: $2000
Time-consuming 
Can’t be used in some patients with implantable devices




We are what we eat

Presenter
Presentation Notes
how do we manage these high risk NAFLD patients. In modern life, food is no longer mere nourishment for humans. We eat for celebration, for depression, for stress like preparing for grand rounds. High calorie intake along with sedentary lifestyle lead to obesity which is a major contributor for NALFD development and progression. 
Therefore, weight loss remains fundamental therapy for patients NAFLD. 



Weight loss improves NASH and fibrosis
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Vilar-Gomez E, et al. Gastroenterology 2015;149:367

• Biopsy proven NASH

• 52 weeks lifestyle 
change (low fat 22% 
hypocaloric diet and 
walk 200 min/week

• N=261 paired biopsy
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There only a few studies on the impact of weight loss on NALFD using histology improvement as the primary end poitn. The largest cohort included 261 paired liver biopsy and 52 weeks of life style intervention with low fat diet and exercise.  It demonstrated that patients who lost more than 10% of baseline weight has most significant improvement on all the histological features including 45% of reduction in fibrosis.  Therefore, this is the goal that guidelines have been encouraging to reach. 

Intervention: low fat hypocaloric diet 750 kcal/d less than daily energy need; 64% carb, 22% fat with <10% saturated fat, 14% protein; walk 200 min per week

Additional study Romero-Gomez M, et al. J hepatology 2017;67:829-46
7 trials, 373 pts
10% achieving WL, 15% with success of sustained weight loss 



Effect of Liraglutide on body weight and 
liver pathology

25

Pi-Sunyer X, et al. NEJM 2015;373:11-22

N=373, BMI>30, non-DM, 3.0mg
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35%
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45%

NASH resolution fibrosis progression

Liraglutide placebop=0.019

LEAN-phase 2 trial: n=52, non-cirrhotic NASH, 
1.8mg, 48 weeks

Armstrong MJ, et al. Lancet 2016;387:679
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Glucagon-like peptide 1 (GLP-1) is an incretin hormone and secrete by intestinal L-cells in response to meal ingestion and acts on the pancreas to improve glycemic control by stimulating insulin secretion from pancreatic beta-cells and inhibiting alpha-cell glucagon secretion; also improves peripheral insulin sensitivity, increases hepatic glucose uptake and glycogen synthesis, delays gastric emptying and decreases appetite
LEAN: include DM2, IGT, or normal glucose tolerance, BMI >25
However, patients who responded to the medication also had more significant weight loss compared to the placebo.  The study was not powered to determine whether the drug response is independent of weight loss

Other studies:
Liraglutide induces weight loss and total, trunk, limb, android fat mass by dual-energy xray absorptiometry
Liraglutide has marked reduction in postprandial ahterogenic remnant particles despite similar weight loss vs. placebo (matikalnen)
Liraglutide did not change MRI-PDFF and total liver fat index vs. placebo in pts with inadequately controlled after 12 weeks (Tang 2015) but yes with 6 months treatment (Petit JM 2017)
Liraglutide decreases carotid initima-media thickness in DM2 with NAFLD but not in DM2 without NAFLD
Liraglutide, sitagliptin did not reduce hepatic steatosis vs. placebo after 12 weeks in pts with DM2 (Smits MM): duration maybe too short, meds induces fat by inducing weight loss and reduce hepatic lipogenesis





Bariatric surgery improves NASH and 
fibrosis
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Lassailly G, et al. Gastroenterology 2015;149:379

• Biopsy proven 
NASH

• n=109
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As we all know, how challenging it can be for life style change and weight loss.  Alternatively, Bariatric surgery can provide a more significant, durable weight loss and plays an important role in the management of obesity and related comorbidities. This retrospective study looked at the patient with biopsy proven Nash before and one year after their bariatric surgery.  As you can see in the red bar, 85% of patient had resolution of NASH at one year postsurgery.  There was also significant improvement on fibrosis predominantly with early stages of fibrosis.  Such beneficial effects also extended to 5 years post-surgically with recent updated data on this cohort of patients. 

Retrospective 1994-2013, n=109, morbidly obesity, biopsy-proven NASH, one year post-surgery
Significant reduction in ALT, GGT
85% resolution of NASH
33.8% reduced fibrosis
Persistent NASH (30.4% with gastric banding vs. 7.6% with gastric bypass)

Pooled analysis demonstrated a weighted mean decrease in the incidence of fibrosis of 11.9%. 
Many retrospective studies and one large prospective study with 5 years follow up demonstrate that bariatric surgery can improve even reverse NASH and fibrosis. these obesity rather than NASH is the indication for surgery. 
Bmi change in banding 6.4, 14 in bypass





Mechanism of action of pharmacologic 
treatments for NAFLD and NASH

27Konerman MA, et al. 2018;68:362
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Regarding the pharmacotherapy, The evolution of knowledge regarding the natural history and pathophysiology of NAFLD has accelerated in drug development over the past 5 years.  Currently there are almost 200 ongoing NAFLD clinical trials globally targeting different pathways including anti-metabolic, anti-inflammatory, and anti-fibrotic.  This is the updated status of the some major phase 2 and 3 clinical trials on NASH since last year.  Some showed positive findings some did not. 

lead to various pharmacologic targets as treatments for NAFLD from metabolic, anti-inflammatory, and anti-fibrotic pathways.  I will talk a few medications in the pipelines aiming for expedited FDA approval. 
NGM 282 phase 2b shows significant improvement on fibrosis scores and NAS in NASH after 12 weeks (SA Harrison, et al hepatology, Feb 25, 2019)
BMS-986026 (PEG-FGF21) NASH F3 Bristol-Myers Squibb, completion date 2021
MGL-3196 (resmetirom) accounced Nov 12 2018 phase 2 study significant NASH resolution, reduction in fat on PDFF after 36 weeks treatment by Madrigal, currently in phase 3 NASH F2-3, start date 3/28/19, primary completion date June 2021
Cirius announced positive data for MSDC in interim analysis of phase 2b in NASH with fibrosis, reduced liver enzymes, A1C, biopsy data after 12 months of treatment expected to be reported in second half of 2019
Gilead announced acetyl-CoA carboxylase (ACC) inhibitor firsocostat (GS-0976) and FXR agonist cilofexor resulted in improvements in steatosis,stiffness, biochemistry and serum fibrosis markers at 12 weeks
Immuron reports positive results of oral IMM-124E significantly reduces lipopolysaccaride, ALT, Nash biomarkers with liver damage AST and CK18, retained within GI tract not absorbed 




Effects of pharmacotherapy on NASH and 
fibrosis

28

Konerman MA, et al. 2018;68:362

Presenter
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Due to the restricted time, I will talk about a few medications that have showed some histological benefits on NASH. The most cited study for vit E and pioglitazone is the PIVENS trial with targeted population of biopsy NASH without DM and cirrhosis.  N=247, 96 weeks of treatment, Vit E and pio showed significant improvement in steatosis and higher percentage of NASH resolution. 
Cenicriviroc CENTAUR 

Vit E in pts with advanced fibrosis reduced incidence of first event of decompensation, and improved transplant survival
Vit E 800 IU for 2 years, n=236, F3-4
Vilar-Gomez V, et al. Hepatology 2018;



REGENERATE Trial (Phase 3 study of OCA on 
NASH)- Interim Efficacy Analysis at 18 months
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medication due 
to pruritus

 The first 
medication 
showed 
histological 
benefit in a 
phase 3 study

Younossi Z et al. Lancet 2019;384:2184-96

Presenter
Presentation Notes
Primary end points: 1. overall pathologist assessment of no steatohepatitis, and 2. ballooning =0 and lobular inflammation =0 or1, and 3. no increase in fibrosis stage from baseline
Study success was defined as achievement of one of the two primary endpoints at 18 months
Although the primary NASH resolution endpoint was not met, OCA ameliorated steatohepatitis based on the pathologist overall assessment and improvement in key disease activity parameters
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Other clinical trials for NASH

Drug MOA Phase Results Reference

NGM282 FGF 19 2 Improves NAS, fibrosis 
score

Harrison SA, et 
al. Lancet 2018

Pegbelfermin FGF21 2 Reduce liver fat (6.8% 
vs. 1.3%)

Sanyal AJ, et al. 
Lancet 2019

Resemtirom Thyroid receptor 
β agonist

2 to 3 Reduces liver fat;
NASH resolution (27% 
vs 6%)

Harrison SA, et 
al. Hepatology
2018

Semaglutide GLP-1 agonist 2 NASH resolution (59% 
vs 17%)

Just released in 
May,2020

Aramchol Stearoyl CoA 
desaturase
modulator

2 to 3 Reduce liver fat (47% vs. 
24%)

AASLD 2018

Cilofexor FXR agonist 2 pending

Tropifexor FXR agnoist 2 pending
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Suggested 
algorithm for 
NASH diagnosis 
and management

Presenter
Presentation Notes
We are also trying to establish a algorithm that canbe used at our site as the initial evaluation for suspected NAFLD Patients  and e consult is expected to be available soon as well to guided the workflow for diagnosing and managing these patients. 

Diagnostic flow-chart to assess and monitor disease severity in the presence of suspected NAFLD
Adapted based on EASL-EASD-EASO clinical practice guidelines for the management of non-alcoholic fatty liver disease 2016; The diagnosis and management of non-alcoholic fatty liver disease: practice guidance from the AASLD 2018; Management of NAFLD: a stage-based approach by ME Rinella and AJ Sanyal 2016; ACG practice guideline: Evaluation of abnormal liver chemistries 2016.
AIH: autoimmune hepatitis 
FIB-4 index (http://gihep.com/ calculators/hepatology/fibrosis-4-score/) 
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Diagnostic modality NASH treatment Care for advanced
liver disease

Steatosis
• US, CAP, MRI-PDFF

Fibrosis 
• Fibroscan, USE, 

MRE, biopsy

Multispecialty care

Pharmacotherapy
• Multiple Phase 2 & 

3 Clinical Trials

HCC
Liver transplant 

Presenter
Presentation Notes
As the major medical center in the central Ohio, we have comprehensive resources and services that can be provided to our NAFLD patients.  We have multiple diagnostic modalities including MRI-PDFF, fibroscan, MRE. OSU is also a site for multiple national and international phase 2/3 trials lead by both hepatology and endocrinology.  For patients with advanced NASH related decompensated cirrhosis and HCC, liver transplant is also growing. 



Summary

 NAFLD has become a major health issue due to high prevalence, 
increased mortality, and hard outcomes

 NAFLD is a hepatic component of metabolic disorders
 Presence of fibrosis and NASH are key factors associated with 

mortality
 Combination of non-invasive tests including labs and elastography 

improves diagnostic accuracy
 Liver biopsy remains the definitive diagnosis and staging for NASH 

and required for clinical trials
 Lifestyle change with a goal of >10% weight loss should be 

encouraged
 Pharmacotherapy for NASH with fibrosis likely will be available in the 

near future and combined medical therapy is likely required 
 Primary care centered multispecialty care model 
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