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Nonalcoholic fatty liver disease (NAFLD) is considered the hepatic manifestation of insulin resistance, which is the hallmark

of type 2 diabetes (T2D). NAFLD is a known risk factor for developing T2D and has a very high prevalence in those with

existing T2D. The diabetes spectrum includes several conditions from prediabetes to T2D to insulin-dependent diabetes lead-

ing to macrovascular and microvascular complications. Similarly, NAFLD has a histologic spectrum that ranges from the rela-

tively benign nonalcoholic fatty liver to the aggressive form of nonalcoholic steatohepatitis with or without liver fibrosis to

nonalcoholic steatohepatitis-cirrhosis leading to end-stage liver disease. The management of T2D has witnessed significant

changes over the past few decades with multiple new drug classes entering the treatment algorithm. Unfortunately, there are

no U.S. Food and Drug Administration-approved medications to treat NAFLD, and guidelines for the management of

NAFLD are less established. However, the field of drug development in NAFLD has witnessed a revolution over the past 5

years with the establishment of a regulatory pathway for Food and Drug Administration approval; this has generated substan-

tial interest from pharmaceutical companies. Several diabetes medications have been studied as potential treatments for

NAFLD with promising results; moreover, drugs that target specific pathways that play a role in NAFLD development and

progression are being developed at a rapid pace. Given the similarities between NAFLD and T2D in terms of pathogenesis,

underlying risk factors, and disease spectrum, lessons learned from optimizing treatment for T2D can be extrapolated to the

management of NAFLD. The aim of this review is to use the founding principles of the comprehensive type 2 diabetes man-

agement algorithm to optimize the management of NAFLD. (Hepatology Communications 2018;2:778-785)

N
onalcoholic fatty liver disease (NAFLD) and
type 2 diabetes (T2D) share many similarities
in their underlying risk factors, pathogenesis,

epidemiology, and the fact that both diseases include a
spectrum of conditions. NAFLD is a relatively newer
condition, and although the initial description dates
back to 1980,(1) its full spectrum and impact as a major
chronic liver disease have only been recognized for the
past 2 decades.(2) Today, NAFLD is a leading indica-
tion for liver transplantation in the United States(3)

and contributes as the underlying etiology to a signifi-
cant percentage of hepatocellular carcinoma (HCC)
cases each year.(4)

NAFLD includes a histologic spectrum of diseases
that starts with bland accumulation of fat within
the hepatocytes without evidence of significant necro-
inflammation or fibrosis, a condition called nonalcoholic
fatty liver (NAFL).(5) It is thought that NAFL is a rela-
tively benign condition in terms of liver disease progres-
sion but is considered a risk factor for developing the
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aggressive form of the disease that is called nonalcoholic
steatohepatitis (NASH). Therefore, we compare NAFL
to prediabetes, which is not a disease per se but a risk fac-
tor for developing T2D. As with prediabetes, NAFL is
associated with an increased risk for atherosclerotic car-
diovascular disease.(6)

With NASH, there is evidence of liver inflamma-
tion and hepatocyte injury in the form of ballooning
and the presence of Mallory-Denk bodies. The severity
of NASH can be assessed with a score called the
NAFLD activity score (NAS), which gives grades to
the severity of the individual histologic features of
NASH, namely, steatosis, inflammation, and hepato-
cyte ballooning.(7) The score ranges from 0-8, and a
score of 4 or higher is considered as moderate to severe
NASH. Although the utility of this score in predicting
clinical outcomes is limited,(8) it has been used as a pri-
mary endpoint in short-term clinical trials. NASH is
considered the driving force behind the development
of liver fibrosis and eventually cirrhosis, which occurs
in 10%-25% of patients.(9) Therefore, we consider
NASH a serious illness that warrants aggressive medi-
cal management with different pharmacologic agents
similar to what is required for patients with T2D.
Finally, the development of NASH cirrhosis with

portal hypertension complications indicates end-organ
damage to the liver. This is similar to the development
of insulin-dependent diabetes and its macrovascular
and microvascular complications.
In this review, we evaluate the utility of certain

founding principles of the comprehensive type 2 diabe-
tes management algorithm (T2D Algorithm)(10) that
were developed by the American Association of Clini-
cal Endocrinologists and American College of Endo-
crinology in optimizing the management of patients
with NAFLD. Lessons learned from developing com-
prehensive care plans for those with T2D should guide
clinicians taking care of patients with NAFLD to
obtain the best possible outcomes.

Lifestyle Modifications/
Weight Loss in NAFLD
T2D Algorithm “Lifestyle optimization is essential

for all patients with diabetes. Weight loss should be
considered in all patients with prediabetes and T2D
who also have overweight or obesity. The need for
medical therapy should not be interpreted as a failure
of lifestyle management, but as an adjunct to it.”
Similar to diabetic individuals, patients with

NAFLD tend to consume more calories and par-
ticipate less in physical activities than age-matched
controls. In fact, data from the National Health and
Nutrition Examination Survey demonstrated that
when patients with NAFLD have concomitant diabe-
tes, they perform at the lowest quartile of physical
activity and moderate–vigorous physical activity.(11)

Also similar to the management of diabetes, the first
tool in the management of NAFLD should be sus-
tained weight loss through lifestyle optimization with
diet and exercise. Although a modest weight loss of
3%-5% of total body weight may help reduce hepatic
steatosis, weight loss of 7%-9% is typically required to
reduce inflammation/ hepatocyte injury, and weight
loss of 10% or more is needed to induce fibrosis regres-
sion.(12) A large prospective study from Cuba included
293 patients with histologically proven NASH who
were encouraged to adopt recommended lifestyle
changes to reduce their weight. Liver biopsies were col-
lected at baseline and at week 52 of the diet. Ninety
percent of patients who lost 10% or more of their
weight (n 5 29) had resolution of NASH and 45%
had fibrosis regression. We recommend a Mediterra-
nean diet to our patients with NAFLD given its
known benefits in terms of improving glycemic control
and preventing cardiovascular disease, malignancy, and
all-cause mortality.(13) In addition to diet, lifestyle
optimization should emphasize physical activity. The
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T2D Algorithm recommends at least 150 minutes per
week of moderate-intensity exercise and strength train-
ing, and these goals may be applied to patients with
NAFLD. Unfortunately, lifestyle modifications to
induce sustained weight loss are often unsuccessful,
with only 10% of individuals losing more than 10% of
body weight. Other approaches to weight loss, such as
pharmacologic agents, endoscopic bariatric therapies,
and bariatric surgery, should be considered as part of
the management algorithm for NAFLD, although
more data are needed to establish their efficacy on his-
tologic severity and disease progression. The failure to
induce meaningful weight loss in patients with
NAFLD should not exclude them from being consid-
ered for NASH-specific therapies to delay disease pro-
gression and potentially induce resolution of NASH or
regression of fibrosis.

NAFLD/NASH-Specific
Therapies
T2D Algorithm “The choice of diabetes therapies

must be individualized based on attributes specific to
both patients and the medications themselves. The
treatment target should be individualized based on
numerous factors, such as age, life expectancy, comor-
bid conditions, and risk of adverse consequences.”
Unlike diabetes where the U.S. Food and Drug

Administration (FDA) has approved several classes of
medications, we do not currently have any FDA-
approved medications for NAFLD. However, several
major pharmaceutical companies have programs focused
on drug discovery for NAFLD that will ultimately result
in the approval of some of these agents by the FDA.
Once these medications are approved for the indication
of NAFLD/ NASH, we anticipate that physician caring
for this patient population will have to make choices
similar to those that are made by diabetologists in terms
of selecting the most appropriate medication for each
individual patient. Drugs to treat NAFLD can be
divided into diabetic medication with potential efficacy
for NAFLD and NASH-specific therapies.

DIABETES MEDICATIONS WITH
POTENTIAL EFFICACY IN THE
TREATMENT OF NAFLD

Given the fact that NAFLD is tightly associated
with both hepatic and peripheral insulin resistance and
due to similarities in the pathogenic mechanisms

underlying NAFLD and T2D, the effects of almost all
diabetes medications have been assessed in patients
with NAFLD with variable results. Although metfor-
min is suggested as a first-line pharmacologic treat-
ment for prediabetes and T2D, several randomized
controlled trials (RCTs) reported no effects of metfor-
min on histologic improvement of NAFLD in either
children or adults.(14,15) However, metformin may help
with weight loss and may lower the risk of HCC in
patients with diabetes.(16) Both sulfonylureas and
insulin are potentially associated with a higher risk
of advanced NAFLD and HCC.(17) The dipeptidyl
peptidase-4 inhibitor sitagliptin was compared to pla-
cebo in a randomized trial that included 50 patients
with NAFLD and prediabetes or T2D and showed no
beneficial effects on liver steatosis or fibrosis.(18)

Thiazolidinediones

Thiazolidinediones modulate peroxisome proliferator-
activated receptor c (PPARc), a transcription factor with
a significant role in adipose tissue biology that influences
insulin sensitivity and lipid metabolism. A large RCT of
patients with NASH without diabetes demonstrated
that, compared to placebo, pioglitazone 30 mg daily for
96 weeks was associated with improvement in histology
and higher rates of NASH resolution.(19) More recently,
the effects of pioglitazone on NASH in patients with
prediabetes and T2D were evaluated.(20) Fifty-one per-
cent of patients that received pioglitazone 45 mg daily for
72 weeks had resolution of NASH and improvement in
several histologic features, including liver fibrosis. Finally,
a meta-analysis of five clinical trials that evaluated the use
of pioglitazone for NASH showed significant improve-
ment in advanced fibrosis even in patients without diabe-
tes.(21) Pioglitazone as a treatment for NASH should be
used with caution due to several safety concerns, includ-
ing weight gain and potential risk for congestive heart
failure, bone fractures, and bladder cancer.

Glucagon-Like Peptide-1
Receptor Agonists

A glucagon-like peptide-1 receptor (GLP-1R) agonist
is an incretin hormone that is secreted by the small intes-
tine after coming in contact with nutrients. GLP-1R ago-
nists increase glucose-induced insulin secretion, decrease
glucagon secretion and hepatic glucose output, and pro-
mote satiety leading to weigh loss.(22) A recent multicenter,
double-blind, randomized, placebo-controlled phase 2
study assessed the efficacy of liraglutide 1.8 mg daily for 48
weeks in patients with NASH (the LEAN study).(23)
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NASH resolution was noted in a significantly higher pro-
portion of patients who received liraglutide (39%) than
those who were in the placebo arm (9%, P 5 0.019). Fur-
thermore, liraglutide was associated with significantly less
progression of liver fibrosis and improvement in surrogate
biomarkers of fibrosis. These findings need to be con-
firmed in larger studies. Side effects that were more com-
mon in the liraglutide arm were mainly gastrointestinal,
including diarrhea, constipation, and loss of appetite.
Indirect evidence from ad hoc analysis of RCTs in

diabetic subjects suggests that other GLP-1R agonists
(exenatide, lixisenatide) are associated with improve-
ment in alanine aminotransferase (ALT) and other
markers of liver injury, indicating a potential role in
the treatment of NAFLD.(17)

Sodium-Glucose Cotransporter
2 Inhibitors

These medications represent the newest addition to
the armamentarium of T2D medical treatments. By
inhibiting glucose reabsorption in the proximal tubule,
sodium-glucose cotransporter 2 (SGLT2) inhibitors
lead to significant glucose and calorie loss in the urine,
resulting in improved insulin sensitivity, weight reduc-
tion, decreased substrate supply to the liver, and poten-
tially a reduction in liver fat content.(24) In a post-hoc
analysis of a study that included 336 patients with
T2D, remogliflozin for 12 weeks was associated with a
30%-40% reduction in ALT levels in patients with
increased ALT at baseline.(25) Given its beneficial
effects on liver enzymes, insulin sensitivity, and weight
loss, remogliflozin represents an attractive target for
drug development in patients with diabetes and
NASH. Similar improvements in serum aminotrans-
ferases were noted with other SGLT2 inhibitors, in-
cluding cangliflozin(26) and dapagliflozin,(27) but the

effects of this class of drugs on liver histology remain
to be determined in future RCTs.

NOVEL THERAPEUTIC AGENTS
FOR NASH: DRUGS IN PHASE III
CLINICAL TRIALS

In addition to lipid accumulation in the liver due to
insulin resistance, de novo lipogenesis, and alterations
in free fatty acid metabolism, several “secondary”
hits are necessary to induce inflammation, hepatocyte
injury, and eventually liver fibrosis. They include oxi-
dative stress, mitochondrial dysfunction, hepatocyte
apoptosis, inflammatory chemokines/cytokines, and
alterations in the bile acid enterohepatic circula-
tion.(28,29) A large number of drugs that target each of
these hits are being developed and tested in multiple
clinical trials. In fact, as of March 3, 2018, 572 trials
were registered under NAFLD. Four of these NASH
drugs are currently in phase III clinical development
(Table 1) and will be discussed next.

Obeticholic Acid

Obeticholic acid (OCA) is a synthetic derivative of
the natural bile acid chenodeoxycholic acid with 100-
fold greater agonistic activity against the farnesoid X
receptor, a nuclear receptor of bile acids with a major
role in regulating glucose and lipid metabolism.(30) In
a phase IIb, randomized, controlled study of 283 pa-
tients with noncirrhotic NASH (the FLINT study),
OCA 25 mg daily was more effective than placebo in
inducing histologic improvement in the NAS by 2
points or more with no worsening in fibrosis.(31)

Moreover, 35% of patients treated with OCA had a
reduction in their fibrosis score by at least one stage
compared to only 19% in the placebo arm. In terms of

TABLE 1. New Agents in Phase III Randomized Clinical Trials for the Treatment of NASH and NASH Fibrosis

Phase II Efficacy Data

Investigational
Medication

Mechanism
of Action Effective Dose

Resolution
of NASH

Decrease in
Fibrosis Stage Phase III RCT

Planned Interim
Analysis Duration

Obeticholic acid FXR agonist 10-25 mg/day No Yes REGENERATE
(NCT02548351)

72 weeks

Elafibranor PPARa/d agonist 120 mg/day Yes No RESOLVE-IT
(NCT02704403)

72 weeks

Cenicriviroc CCR2/CCR5
antagonist

150 mg/day No Yes AURORA
(NCT03028740)

52weeks

Selonsertib ASK1 inhibitor 6 mg/day and
18 mg/day

No Yes STELLAR 3 (NCT03053050)
STELLAR-4 (NCT03053063)

48 weeks

Abbreviations: ASK1, apoptosis signal-regulating kinase 1; CCR, C-C chemokine receptor; FXR, farnesoid X receptor.
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adverse events, there was an increase in low-density
lipoprotein and a decrease in high-density lipoprotein
in the OCA arm, raising safety concerns about long-
term cardiovascular outcomes. Furthermore, OCA was
associated with pruritus in 23% of patients, which
could significantly reduce compliance in this typically
asymptomatic patient population. REGENERATE is
a double-blind, placebo-controlled, randomized, mul-
ticenter phase III trial that will assess the long-term
efficacy and safety of OCA in patients with NASH
and fibrosis (ClinicalTrials.gov Identifier, NCT0254
8351). Patients will be randomized to OCA 25 mg/
day, OCA 10 mg/day, or placebo and followed for 6
years to assess hard outcomes, such as progression to
cirrhosis, need for liver transplantation, and death. At
18 months after randomization, patients will undergo
a liver biopsy to assess for histologic improvement in
fibrosis and resolution of NASH. Other bile acid and
nonbile acid farnesoid X receptor agonists are currently
in development by several pharmaceutical companies.

Elafibranor

Elafibranor is an agonist of PPARa and PPARd,
which play a role in hepatic lipid oxidation, insulin
sensitivity, and may reduce liver inflammation and
fibrogenesis.(32) In the recently published phase IIb
placebo-controlled RCT (GOLDEN) that included
274 patients with NASH, elafibranor 120 mg daily for
52 weeks resolved moderate to severe NASH in a sig-
nificantly higher percentage of patients compared to
placebo.(33) Furthermore, patients that had NASH res-
olution had reduced liver fibrosis stages compared with
those without NASH resolution. Importantly, elafibra-
nor improved lipid and glucose profiles and did not
cause weight gain or cardiovascular events, although a
mild increase in serum creatinine was noted. The
efficacy of this compound will be tested in the
RESOLVE IT trial (NCT02704403), a randomized,
placebo-controlled, double-blind, multicenter phase
III study that will include patients with NASH and
fibrosis (stage 1-3). The primary endpoints are the fol-
lowing: 1) histologic improvement defined as resolu-
tion of NASH without worsening of fibrosis at 72
weeks; 2) composite long-term outcome composed of
all-cause mortality, cirrhosis, and liver-related out-
comes at approximately 4 years.

Cenicriviroc

Cenicriviroc (CVC) is a dual inhibitor of the C-C
chemokine receptors type 2 and 5, which are expressed

on Kupffer cells and hepatic stellate cells and play an
important role in inducing liver inflammation and
fibrosis.(34) The results of the phase IIb multicenter
CENTAUR trial were recently published.(35) In that
trial, 289 patients received CVC 150 mg daily or pla-
cebo for 52 weeks. There was no difference between
the two groups in terms of improvement in NAS (pri-
mary endpoint) or resolution of NASH; however,
twice as many subjects receiving CVC achieved one
stage or greater improvement in fibrosis and no wors-
ening of steatohepatitis compared to placebo (20% ver-
sus 10%, respectively; P 5 0.023). Importantly,
interleukin-6, high-sensitivity C-reactive protein, and
fibrinogen levels, all markers associated with systemic
inflammation, were significantly decreased with CVC
compared to placebo. The most common drug-related
adverse events of grade 2 or higher severity were fatigue
(2.8%) and diarrhea (2.1%) for CVC. The AURORA
trial is a multicenter phase 3 study that will evaluate
the efficacy and safety of CVC for the treatment of
liver fibrosis in adults with NASH (NCT03028740).
The study will be conducted in two phases: phase 1
will examine the surrogate endpoint of improvement
in fibrosis of at least one stage and no worsening of
NASH at month 12; phase 2 will determine long-term
clinical outcomes composed of progression to cirrhosis,
liver-related clinical outcomes, and all-cause mortality.

Selonsertib

Selonsertib is a selective inhibitor of apoptosis
signal-regulating kinase 1, which is a protein that pro-
motes inflammation, apoptosis, and fibrosis in the set-
ting of oxidative stress that is typically increased in
patients with NASH. In a small, open-label, random-
ized phase II trial of 72 patients with biopsy-proven
NASH, NAS �5, and moderate to severe liver fibrosis
(stage 2-3), selonsertib 18 mg daily for 24 weeks was
associated with significant improvements in several
measures of liver disease severity, including fibrosis
stage, progression to cirrhosis, liver stiffness, and
liver fat content.(36) Additionally, patients with fibrosis
improvement demonstrated reductions in hepatic
collagen content, ALT, and the apoptosis marker
cytokeratin-18, supporting the biological activity of
selonsertib. The most common adverse events in
patients receiving selonsertib were headache, nausea,
and sinusitis. Two phase III studies, STELLAR 3 and
4, will evaluate the safety and efficacy of selonsertib in
patients with NASH with bridging fibrosis (stage 3)
and compensated cirrhosis (stage 4), respectively.
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Combination Therapy
for NASH
T2D Algorithm “Combination therapy is usually

required and should involve agents with complemen-
tary mechanisms of action.”
The initial management of patients with recent-

onset T2D typically starts with lifestyle modifications
and metformin monotherapy unless there are contrain-
dications. When this approach fails to achieve the gly-
cemic target, combination therapy with another agent
is usually started (dual therapy). If the hemoglobin
A1c (A1C) target is still not achieved after 3 months
of dual therapy, a third agent is added as part of triple
therapy. Each new class of noninsulin agents added to
the initial treatment lowers A1C by approximately
1%.(37) Patients that present with an entry A1C
>7.5% should be started on dual therapy from the
beginning.(38) Those presenting with A1C >9.0% and
symptoms would derive greater benefit from adding
insulin.(39)

We anticipate that similar concepts will be adapted
to the treatment of NAFLD in terms of starting with
lifestyle changes to induce weight loss plus one medi-
cation with reasonable efficacy and an excellent safety
profile (similar to metformin in T2D). When initial
therapy fails to achieve the desired outcome (improve-
ments in liver injury serum biomarkers, imaging, or
histology), other agents that work in complimentary or
synergistic ways should be added. The baseline severity

of NAFLD will have a significant impact on the choice
of treatment. For example, patients presenting with
NASH and mild fibrosis will most likely benefit from
a combination of medications that target steatosis and
inflammation, whereas those presenting with advanced
fibrosis or NASH cirrhosis will require antifibrotics
and drugs that may lower portal hypertension. We
provide a comparison between the current diabetes
management algorithm(40) and the anticipated future
algorithm for treating NAFLD in Fig. 1. We hope
that applying these well-established concepts in T2D
management to the NAFLD population will help con-
tain the NAFLD epidemic in a timely manner that
will decrease progression to end-stage liver disease.

Future Paradigm
of Assessing NAFLD
Severity and Its
Management
A major issue that hinders effective management

and drug development in the NAFLD field is the need
for liver histology, obtained through liver biopsy, to
determine the severity of disease and assess response to
different therapeutic agents. This is in contrast to T2D
where a simple blood test, i.e., A1C, is used to make
the diagnosis and assess treatment response. However,
several novel imaging technologies now allow clinicians
to diagnose NAFLD and assess fibrosis severity. The

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Future management of the NAFLD spectrum compared to current management of the T2D spectrum. Abbreviations: CAD,
coronary artery disease, CAP, controlled attenuation parameter; CKD, chronic kidney disease; EV, esophageal varices; HbA1C, hemo-
globin A1C; TE, transient elastography.
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most widely used point-of-care imaging modality in
clinical practice is Fibroscan (Echosens, Paris, France),
which estimates the severity of liver fibrosis based on
transient elastography and the severity of steatosis
based on the controlled attenuated parameter. We
propose to our readers that transient elastography/
controlled attenuated parameter scores are the new
“hepatologist’s A1C” and that the management of
NAFLD should follow the same management para-
digm for T2D as shown in Fig. 1. We cannot overem-
phasize that this paradigm is not ready for use in
practice because further validation of the utility of non-
invasive imaging in predicting clinical outcomes is still
necessary and because all the medications listed are not
yet FDA approved. However, our intention is to pro-
vide the readers with a vision for the future that relies
on simple noninvasive tests to determine the severity
and optimal management strategy for NAFLD.
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