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Nonalcoholic Steatohepatitis — Opportunities and Challenges

Guadalupe Garcia‑Tsao, M.D.

Nonalcoholic steatohepatitis (NASH), the pro-
gressive form of nonalcoholic fatty liver disease, 
has superseded hepatitis C as the main cause of 
cirrhosis and the main reason for liver transplan-
tation.1 Contrary to hepatitis C, a liver-specific 
disorder caused by a single etiologic agent, NASH 
is a multifactorial, complex metabolic disorder 
that forms part of a systemic disease. Therefore, 
finding therapies (other than weight loss), iden-
tifying the target population, and defining re-
sponse to therapy represent important chal-
lenges in NASH.

The diagnosis of NASH is established through 
a liver-biopsy sample that shows steatosis, lobu-
lar inflammation, and hepatocellular ballooning. 
NASH is classified into 5 stages on the basis of 
the extent of fibrosis: F0 indicates no fibrosis, 
F1 portal fibrosis, F2 periportal fibrosis, F3 
bridging fibrosis, and F4 cirrhosis. In patients 
with noncirrhotic NASH, regulatory agencies 
consider the end points of resolution of NASH 
without worsening fibrosis and regression of 
fibrosis without worsening of NASH as surro-
gates of response.2 However, the relationship 
between histologic improvement and clinical 
outcomes has not been validated. Furthermore, 
biopsy sampling error3 and observer variability4 
are substantial and may be partly responsible for 
an observed large placebo effect.

In this issue of the Journal, Francque et al.5 
report the results of a phase 2b, multicenter, 
double-blind, randomized, placebo-controlled trial 
of lanifibranor, a pan-PPAR (peroxisome prolif-
erator–activated receptor) agonist, in 275 patients 
with noncirrhotic NASH (76% of the patients had 
stage F2 or F3 fibrosis). The patients were ran-
domly assigned to receive 1200 mg or 800 mg of 

lanifibranor or placebo daily for 24 weeks. The 
percentage of patients who met the primary end 
point — a decrease of at least 2 points in the 
Steatosis, Activity, Fibrosis (SAF)–Activity score, 
which ranges from 0 to 4 and focuses on balloon-
ing and inflammation, without worsening of 
fibrosis — was significantly higher among those 
who received the 1200-mg dose of lanifibranor 
(55%), but not the 800-mg dose (48%), than 
among those who received placebo (33%). Reso-
lution of NASH and improvement in fibrosis 
stage of at least 1, a composite end point that is 
unique to this trial, occurred in 35% of patients 
in the 1200-mg lanifibranor group, 25% of those 
in the 800-mg lanifibranor group, and 9% of 
those in the placebo group.

The next step in the regulatory pathway for 
lanifibranor is a phase 3, double-blind, random-
ized, placebo-controlled trial with clinical bene-
fit as an end point. According to the Food and 
Drug Administration, the study population would 
comprise patients with NASH with stage F2 or 
F3 fibrosis, and clinical benefit would consist of 
“delaying progression to a composite endpoint 
including histological progression to F4, hepatic 
decompensation events (ascites, variceal hemor-
rhage, encephalopathy), change in MELD score 
from ≤12 to >15, liver transplant and all-cause 
mortality.”2 (The Model for End-Stage Liver Dis-
ease [MELD] score ranges from 6 to 40, with 
higher scores indicating a higher risk of death at 
3 months.) Except for the end point regarding 
progression to cirrhosis, these end points are not 
different from those proposed for drugs that are 
being evaluated for compensated cirrhotic NASH.

The study by Sanyal et al.,6 also published in 
this issue of the Journal, describes the incidence 
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and nature of clinical outcomes in one of the 
largest observational prospective studies of histo-
logically characterized nonalcoholic fatty liver 
disease (75% of the patients had NASH). The 
study cohort, selected from the NASH Clinical 
Research Network, funded by the National Insti-
tute of Diabetes and Digestive and Kidney Dis-
eases, included 1773 adults, of whom 1509 (85%) 
were White, 1237 (70%) had stage F0 to F2 fi-
brosis, 369 (21%) had stage F3 fibrosis, and 167 
(9%) had stage F4 fibrosis. The patients were 
followed for a median of 4 years.

During the study period, there were 47 deaths 
from any cause (29 were among the patients 
with stage F3 or F4 fibrosis), 37 decompensation 
events (34 were among the patients with stage 
F3 or F4 fibrosis), and 9 cases of hepatocellular 
carcinoma (7 were among those with stage F3 or 
F4 fibrosis). Mortality was highest among the 
patients with stage F4 fibrosis (1.76 deaths per 
100 person-years) and was lower among those 
with stage F3 fibrosis (0.89 deaths per 100 person-
years) and even lower among those with stage F0 
to F2 fibrosis (0.32 deaths per 100 person-years). 
Unlike retrospective cohort studies,7,8 this study 
did not confirm higher mortality among the pa-
tients with stage F2 fibrosis; 89% of the deaths 
that occurred among these patients were unre-
lated to liver disease. In the whole cohort, the 
occurrence of any new hepatic decompensation 
event was the only factor significantly associated 
with death, while nonhepatic new events (cardiac, 
declining kidney function, or extrahepatic can-
cer) were not significantly associated with death. 
Incident decompensation occurred predominantly 
among those with stage F4 fibrosis.

It follows that confirmatory clinical trials in 
NASH should focus on cirrhotic NASH (stage F4 
fibrosis) by including patients with stage F3 or 
F4 fibrosis. End points in those with stage F3 
fibrosis would be related to the prevention of 
progression to stage F4. End points in those 
with stage F4 fibrosis would be related to the 
prevention of decompensation or even to regres-
sion to stage F3. However, the need for liver bi-
opsy in the selection of candidates and the as-
sessment of outcomes is challenging.

A more feasible strategy — and one that 
would facilitate patient recruitment — would be 
to forgo liver biopsy and include only patients 
at high risk for decompensation. A combination of 
noninvasive markers that are currently used in 

clinical practice, including liver stiffness and 
routine laboratory tests (e.g., platelet count and 
albumin level), can identify patients who have 
clinically significant portal hypertension and there-
by a higher likelihood of decompensation.9-11

In most cohort studies of cirrhosis,12,13 ascites 
and variceal hemorrhage are the most common 
decompensation events. Oddly, encephalopathy 
was the most common event in the cohort stud-
ied by Sanyal et al., a finding that raises the 
possibility of overdiagnosis of this clinically de-
fined event and calls for adjudication of events. 
The use of the MELD score as an outcome in 
patients with NASH may not be as straightfor-
ward as it is for cirrhosis from other causes be-
cause of concurrent non–liver-related events, as 
shown in the study by Sanyal et al., in which 
nine patients with stage F0 to F2 fibrosis had a 
MELD score of 15 or higher (the cutoff used to 
list a patient for liver transplantation) at study 
entry but were receiving anticoagulants or had 
chronic kidney disease.

The study by Sanyal et al. had a modest num-
ber of outcomes, and this would translate into 
the need for very large sample sizes or a very 
long duration of follow-up, which are additional 
challenges in trials involving patients with NASH. 
The addition of other outcomes related to portal 
hypertension, such as the development or pro-
gression of gastroesophageal varices, and a study 
design that uses ordinal outcomes, in which 
clinical events are ordered by severity, would 
considerably reduce the sample size.14,15

The availability of new therapies that are ef-
fective in ameliorating the histologic features in 
NASH, as shown by Francque et al.,5 represents an 
invaluable opportunity. The challenge, as gleaned 
by Sanyal et al.,6 is in improving definitions of 
the patient population, outcomes, and clinical 
trial design that would prove that these thera-
pies improve clinical outcomes.

Disclosure forms provided by the author are available with the 
full text of this editorial at NEJM.org.
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Aquaporin-1 Expression and Ultrafiltration 
of the Peritoneal Membrane

Daniel G. Bichet, M.D.

Peritoneal dialysis in adults involves diffusion 
and osmosis through a peritoneal membrane, 
measuring 1 m2, that is highly vascularized 
(flow rate, 100 to 150 ml per minute) and has a 
total available capillary surface area of approxi-
mately 2 m2.1 For decades, glucose has been 
used as the prototypical crystalloid osmotic 
agent to drive water removal in peritoneal dialy-
sis.2 Glucose is a small osmotic agent (molecular 
weight, 180 g per mole) that is prone to crystal-
lization but easily diffuses across semipermeable 
membranes; hence, it is known as a crystalloid 
substance. In contrast, colloid and noncrystal-
line substances are retained by membranes be-
cause they are large.

The endothelial lining of capillaries and ve-
nules allows for water and solute exchanges 
through a three-pore model. Ultrasmall pores 
(radius, approximately 2.5 Å) are aquaporin-1 
water channels.3 Aquaporin-1 facilitates the trans-
fer of water but not of solutes, and it is respon-
sible for half the water removal that occurs 
through glucose crystalloid osmosis, as shown 
by the 50% decrease in cumulative filtration in 
Aqp1−/− mice exposed to peritoneal dialysis.4 Small 

pores (radius, approximately 40 to 50 Å) that are 
located between endothelial cells contribute to 
half the water removal. Large pores (radius, ap-
proximately 250 Å) are responsible for the trans-
capillary transport of macromolecules, such as 
proteins and immunoglobulins, during perito-
neal dialysis, but they do not contribute to the 
transport of water. Among patients starting treat-
ment with peritoneal dialysis, tests of peritoneal 
transport have shown wide variability in water 
and solute transport, a finding that suggests 
variable constitutive expression of pores in the 
peritoneal membrane.

The results of a study by Morelle et al.,5 re-
ported in this issue of the Journal, show that the 
common AQP1 promoter sequence rs2075574 
determines quantitative differences in peritoneal 
ultrafiltration, with defective ultrafiltration ob-
served in carriers of the TT genotype at rs2075574, 
as compared with carriers of the CC genotype. 
This common variant is located 781 base pairs 
upstream of the transcription start site of AQP1 
(Fig. 1). The TT genotype alters the last nucleo-
tide of the CTGTC transcription factor binding 
site, a region that is already known to regulate 

The New England Journal of Medicine 
Downloaded from nejm.org by JULES LEVIN on October 24, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 




