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ABSTRACT

BACKGROUND
The prognoses with respect to mortality and hepatic and nonhepatic outcomes
across the histologic spectrum of nonalcoholic fatty liver disease (NAFLD) are not
well defined.

METHODS

We prospectively followed a multicenter patient population that included the full
histologic spectrum of NAFLD. The incidences of death and other outcomes were
compared across baseline histologic characteristics.

RESULTS

A total of 1773 adults with NAFLD were followed for a median of 4 years. All-cause
mortality increased with increasing fibrosis stages (0.32 deaths per 100 person-
years for stage FO to F2 [no, mild, or moderate fibrosis], 0.89 deaths per 100
persons-years for stage F3 [bridging fibrosis], and 1.76 deaths per 100 person-
years for stage F4 [cirrhosis]). The incidence of liver-related complications per 100
person-years increased with fibrosis stage (FO to F2 vs. F3 vs. F4) as follows: vari-
ceal hemorrhage (0.00 vs. 0.06 vs. 0.70), ascites (0.04 vs. 0.52 vs. 1.20), encepha-
lopathy (0.02 vs. 0.75 vs. 2.39), and hepatocellular cancer (0.04 vs. 0.34 vs. 0.14).
As compared with patients with stage FO to F2 fibrosis, patients with stage F4
fibrosis also had a higher incidence of type 2 diabetes (7.53 vs. 4.45 events per 100
person-years) and a decrease of more than 40% in the estimated glomerular filtra-
tion rate (2.98 vs. 0.97 events per 100 person-years). The incidence of cardiac
events and nonhepatic cancers were similar across fibrosis stages. After adjust-
ment for age, sex, race, diabetes status, and baseline histologic severity, the inci-
dence of any hepatic decompensation event (variceal hemorrhage, ascites, or en-
cephalopathy) was associated with increased all-cause mortality (adjusted hazard
ratio, 6.8; 95% confidence interval, 2.2 to 21.3).

CONCLUSIONS
In this prospective study involving patients with NAFLD, fibrosis stages F3 and F4
were associated with increased risks of liver-related complications and death.
(Funded by the National Institute of Diabetes and Digestive and Kidney Diseases
and others; NAFLD DB2 ClinicalTrials.gov number, NCT01030484.)
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ONALCOHOLIC FATTY LIVER DISEASE

(NAFLD) affects more than one quarter

of the adult population globally and is
closely linked to underlying obesity, type 2 dia-
betes, and related disorders.! Its clinical and
histologic spectrum ranges from nonalcoholic
fatty liver to nonalcoholic steatohepatitis (NASH).
NAFLD is a growing contributor to the burden
of end-stage liver disease and the need for liver
transplantation.?

The current knowledge of NAFLD-related
prognoses is based largely on retrospective post
hoc analyses of existing data sets and is limited
by that data.>® Whereas population-based stud-
ies are limited by the absence of histologic infor-
mation, studies with histologic data are limited
by their small sample size, spectrum bias, varied
case definitions, and assessments of disease
status and outcomes. Whether the incidence of
hepatic outcomes increases in parallel with the
incidence of nonhepatic outcomes is also un-
clear. Furthermore, previous studies have not
accounted for the competing risk of death for
nonfatal outcomes or included adjustment for age,
sex, race, and presence of type 2 diabetes. The
true rates and types of clinical outcomes among
persons with nonalcoholic fatty liver or NASH
with varying grades of disease activity and fibro-
sis stages thus remain largely unknown. This
knowledge is needed in order to counsel pa-
tients, design clinical trials, and inform alloca-
tion of health care resources for research fund-
ing, clinical care, and disease surveillance.

The NASH Clinical Research Network (CRN)
is an ongoing research network funded by the
National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK). It established a longi-
tudinal cohort study to generate prospective,
protocol-driven assessments of outcomes in a
large population of patients with NAFLD and to
serve as a platform for translational studies.
Here we provide analysis of the principal clinical
outcomes involving these adult patients.

METHODS

STUDY DESIGN AND OVERSIGHT

The NAFLD Database Study Phase 2 (NAFLD
DB2) is a prospective, noninterventional registry
of the NASH CRN. The institutional review
board at each clinical center, the data coordinat-
ing center, and a central NIDDK-appointed data

and safety monitoring board approved the pro-
tocol, available with the full text of this article
at NEJM.org. All the participants provided writ-
ten informed consent. The investigators con-
ceived of and implemented the study, analyzed
the data, and wrote the manuscript. The authors
vouch for the completeness and accuracy of the
data and for the fidelity of the study to the pro-
tocol. The results reported here follow the
Strengthening the Reporting of Observational
Studies in Epidemiology guidelines for cohort
studies.’

PATIENT POPULATION

The study included adults who had liver biopsies
that could be evaluated and that revealed NAFLD
and who had at least one follow-up visit after 48
weeks. An Alcohol Use Disorders Identification
Test questionnaire was used to establish mean
consumption of less than 20 g of alcohol daily
for women and less than 30 g for men." Patients
who had liver disease other than NAFLD, had
received a liver transplant, or had hepatocellular
cancer before enrollment were excluded from
this analysis. All patients received local standard
care informed by a NASH CRN standard-of-care
document.

HISTOLOGIC ASSESSMENT

Histologic assessment of NAFLD is the reference
standard for the assessment of disease pheno-
type and progression.!! The histologic character-
istics of the liver were assigned fibrosis stages by
members of the pathology committee; clinical,
laboratory, and outcomes data were masked to
the committee members, as described previous-
ly.*>13 The presence of NAFLD, presence of fatty
liver as compared with steatohepatitis, NAFLD
activity score, and fibrosis stage were assessed
with the use of the previously published NASH
CRN scoring system.'?

CLINICAL, LABORATORY, AND OUTCOMES DATA

Clinical and laboratory data were obtained at
enrollment (baseline) and then at 48-week inter-
vals in a prospective, protocol-mandated approach
and at the time of any liver biopsies performed
as local standard care. Clinical outcomes were
recorded during these visits and when reported
by patients or their families. The overall clinical
narrative and source data were verified at the
clinical centers. These data were used to fill
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specific case-record forms, and outcomes were
adjudicated centrally with the use of an out-
comes document with case definitions as a guide
(details of case definitions are provided in the
Supplementary Appendix, available at NEJM.org).

The principal outcomes included death from
any cause, hepatic decompensation (clinically
apparent ascites, overt encephalopathy, or vari-
ceal hemorrhage), a Model for End-stage Liver
Disease (MELD) score of 15 or higher (scores
range from 6 to 40, with higher scores indicat-
ing a higher risk of death at 3 months), hepato-
cellular cancer, nonhepatic cancer, cardiovascular
events (including myocardial infarction, unstable
angina, sudden death, revascularization inter-
vention, and hospitalization for heart failure),
and cerebrovascular events (including transient
ischemic attack and stroke). New onsets of coex-
isting conditions such as type 2 diabetes, hyper-
tension, and chronic kidney disease were de-
fined by standard criteria and also tracked as
outcomes of interest.®® A composite outcome
of any hepatic decompensation included new
onsets of clinically obvious ascites, overt encepha-
lopathy, or variceal hemorrhage.’* A MELD score
of 15 or higher was included as another key out-
come because it represents a threshold for in-
creased risk of death warranting consideration for
liver transplantation in persons with cirrhosis.}!8

STATISTICAL ANALYSIS

Events that occurred at or before enrollment were
included in the patient history. Rates of new-
onset events were calculated as the number of
events during follow-up divided by the number
of person-years at risk among patients who did
not have the condition at enrollment and were
reported as events per 100 person-years. Only
the first decompensating event was used to cal-
culate the incidence of hepatic decompensation;
for individual types of events, the first occur-
rence of that event was used. Estimates of haz-
ard ratios and 95% confidence intervals were
derived from regression models that compared
mortality and rates of new-onset clinical-event
rates according to histologic features; these re-
gression models were stratified according to
three age groups (<40 years, 40 to 59 years, and
>60 years), race (White or non-White), sex, dia-
betes status (except in models calculating the
incidence of diabetes), and length of biopsy
specimen (<15 mm or >15 mm). Data for pa-

tients with missing covariate values were imputed
by fixed replacement: one race characteristic was
imputed as nonwhite, four diabetes statuses were
imputed as no diabetes, and nine biopsy lengths
were imputed as 215 mm. Owing to the small
amount of missing data, multiple imputation was
not used. Standard Cox regression modeling with
time-dependent covariates was used to analyze
all-cause mortality. Fine—-Gray models were used
to account for competing risk of other causes of
death in analyses of liver-related mortality and
to account for deaths in analyses of nonfatal
outcomes.? The statistical analysis plan did not
include a provision for correcting for multiplicity
when tests were conducted to evaluate associa-
tions, and results are reported as point estimates
with 95% confidence intervals. The widths of the
confidence intervals have not been adjusted for
multiplicity, so the intervals should not be used
to infer definitive associations. Analyses were
conducted with the use of SAS software, version
9.4 (SAS Institute), and Stata software, version 15.1
(StataCorp).

RESULTS

PATIENTS

A total of 2500 adults were enrolled in the
NAFLD DB2 study from December 2009 through
April 2019 (Fig. 1), including 162 patients who
had completed the Farnesoid X Receptor Ligand
Obeticholic Acid in NASH Treatment (FLINT)
trial, a 72-week, multicenter, randomized trial of
obeticholic acid as compared with placebo.?® The
FLINT trial, which involved adult patients 18 years
of age or older who had a biopsy-confirmed di-
agnosis of NASH, showed that patients who re-
ceived obeticholic acid had greater improvement
in NASH-related biopsy findings from baseline
than patients who received placebo. After the
exclusion of 727 patients owing to a lack of bi-
opsy results within the prespecified time frame
(89 patients), an absence of steatosis (70 patients),
or no follow-up data (568 patients, 130 of whom
were enrolled <48 weeks before the database lock),
1773 patients were included in the analysis. The
median duration of follow-up was 4.0 years (inter-
quartile range, 2.1 to 7.4), and the total follow-
up was 8120 person-years. As compared with
patients who had follow-up data, patients with
no follow-up data were younger at enrollment,
more likely to be men, and were taking less anti-
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2500 Adults were enrolled in NAFLD DB2
2338 Were new enrollees in NAFLD DB2
162 Had completed the FLINT trial

727 Were excluded

85 Did not undergo biopsy

70 Had no NAFLD on
biopsy

4 Underwent biopsy >6 mo
after enrollment
568 Did not have follow-up

data available

1773 Were included in the analysis
Follow-up in person-yr:
Total, 8120
Mean, 4.6+2.9
Median (IQR), 4.0 (2.1-7.4)
Range, 0.6-9.7

Figure 1. Selection Criteria for Analysis Database.

Patients from the Nonalcoholic Fatty Liver Disease
(NAFLD) Database-2 noninterventional registry (DB2)
were enrolled along with a subgroup of patients who
had previously participated in and completed all study
visits for the Farnesoid X Receptor Ligand Obeticholic
Acid in Noncirrhotic Nonalcohlic Steatohepatitis (NASH)
Treatment (FLINT) trial conducted by the NASH Clini-
cal Research Network. IQR denotes interquartile range.

hypertensive medication but otherwise were
similar to the overall population (Table S1 in the
Supplementary Appendix).

BASELINE CHARACTERISTICS

The 1773 patients in the analysis included 1141
women (64%) and 632 men (36%) with a mean
age of 52 years (Tables 1 and S2). The majority
were White and of European ancestry (85%), and
12% were Hispanic. Most patients had definite
steatohepatitis (987 patients [55%]), whereas bor-
derline steatohepatitis was present in 351 patients
(20%), and fatty liver without NASH was diag-
nosed in 435 patients (25%). A total of 536 pa-
tients (30%) had bridging fibrosis (stage F3 [369
patients]) or cirrhosis (stage F4 [167 patients])
according to the NASH CRN staging system.'?
The median time from biopsy to enrollment was
2.7 months.

PREVALENCE OF CLINICAL OUTCOMES

AT ENROLLMENT

The prevalence at baseline of coexisting condi-
tions associated with NAFLD was similar to that
reported in the literature,” including hyperten-
sion (in 1073 patients [61%]), diabetes (in 742

[42%]), chronic kidney disease (in 99 [6%]), and
previous nonhepatic primary cancer (in 181
[10%]) (Table S3). A total of 98 patients (6%) had
a history of a cardiac event. Ascites (in 17 pa-
tients) and encephalopathy (in 6) were the most
common liver-related outcomes reported in pa-
tient histories before enrollment. At baseline, the
prevalence of liver-related outcomes, hyperten-
sion, chronic kidney disease, and cardiac events
was greater among patients with stage F4 fibro-
sis (cirrhosis) than among patients with stage FO
to F2 fibrosis (with stage FO indicating no fibro-
sis, F1 indicating sinusoidal fibrosis, and F2 in-
dicating sinusoidal and portal fibrosis). A total
of 9 patients with disease at stage FO to F2 had
a MELD score of 15 or greater, but these scores
were the result of anticoagulant use (in 5 patients)
and chronic kidney disease (in 4).

INCIDENCE OF DEATH AND HEPATIC

AND EXTRAHEPATIC OUTCOMES

During follow-up, 47 of the 1773 patients (3%)
died, a rate of 0.57 per 100 person-years (Ta-
ble 2). A total of 37 patients had a new-onset
decompensation event. Encephalopathy (in 30 pa-
tients) and ascites (in 19) were the most common
new decompensation events. Two decompensa-
tion events developed simultaneously in seven
patients. New-onset hypertension (7.8 events per
100 person-years) was the most common new
nonhepatic outcome, followed by type 2 diabetes
(4.8 events per 100 person-years), chronic kidney
disease (2.5 events per 100 person-years), cardiac
events (0.8 events per 100 person-years), nonhe-
patic cancer (0.8 events per 100 person-years),
and cerebrovascular events (0.4 events per 100
person-years). The highest mortality (8.6 deaths
per 100 person-years) was among patients with
hepatic decompensation before enrollment, with
the highest incidence of death (8 patients) occur-
ring among patients with a history of two or
more events before enrollment (Fig. S1). There
were 9 cases of new-onset hepatocellular carci-
noma, with only 1 occurring after hepatic decom-
pensation.

ASSOCIATION OF FIBROSIS STAGE WITH HEPATIC
AND EXTRAHEPATIC OUTCOMES

All-cause mortality was associated with fibrosis
stage at baseline, increasing from 0.32 deaths
per 100 person-years at stage FO to F2, to 0.89
deaths per 100 person-years at stage F3, to 1.76
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deaths per 100 person-years at stage F4 (Table 2
and Fig. 2). Patients with stage F4 disease had
higher all-cause mortality (hazard ratio, 3.9; 95%
confidence interval [CI], 1.8 to 8.4) and liver-
related mortality (hazard ratio, 12.7; 95% CI, 1.8
to 88.6) than patients with stage FO to F2 fibro-
sis. The hazard ratio for death from any cause
among patients with stage F2 fibrosis as com-
pared with patients with stage FO or F1 was 2.3
(95% CI, 0.8 to 7.0); for stage F3 fibrosis as
compared with stage FO to F2, the hazard ratio
was 1.9 (95% CI, 0.9 to 3.7) (Table 2 and Fig. S2).
New-onset hepatic decompensation was rare (0.05
per 100 person-years) among patients with stage
FO to F2 fibrosis at baseline, but the incidence
increased at stage 3 to 0.99 per 100 person-years
(hazard ratio, 18.7; 95% CI, 4.8 to 73.1) and at
stage 4 to 2.69 per 100 person-years (hazard
ratio, 36.1; 95% CI, 8.9 to 146.3). The incidence
of all hepatic decompensation events was greater
among patients with stage F4 disease than
among patients with fibrosis at lower stages.
Hepatocellular carcinoma was rare in stages FO
to F2 (0.04 events per 100 person-years) and the
incidence was numerically higher in stage F3
than stage F4 (0.34 events per 100 person-years
vs. 0.14 events per 100 person-years) (Fig. 2). The
incidence of type 2 diabetes, hypertension, and
a decrease in estimated glomerular filtration rate
(eGFR) was higher in stage F4 than in stage FO
to F2 (Table 2). However, the incidence of car-
diac events and nonhepatic cancers was similar
across fibrosis stages (Table 2 and Fig. 2).

ASSOCIATION OF DISEASE ACTIVITY WITH HEPATIC
AND EXTRAHEPATIC OUTCOMES

Virtually all patients with stage F4 fibrosis (93%)
or stage F3 fibrosis (97%) had histologic evi-
dence of definite or borderline NASH (Table 1).
The incidence of liver-related events was also
higher among patients with NASH and stage F3
or F4 fibrosis than among patients with non-
alcoholic fatty liver and stage FO to F2 fibrosis
(Table S4). Patients with NASH had a higher
incidence of type 2 diabetes and hypertension
than patients with NAFLD. Among the entire
population, patients with a high NAFLD activity
score (>4 on a range of 0 to 8, with higher scores
indicating greater steatosis, hepatocellular injury,
and inflammation) had a higher incidence of
type 2 diabetes. Presence of NASH was not asso-
ciated with cardiac events or nonhepatic cancer.

ASSOCIATION OF HEPATIC AND NONHEPATIC
OUTCOMES WITH MORTALITY

The main causes of death among all patients
were liver and cardiovascular complications, can-
cer, and sepsis (Table S5). In a multivariable
model that was adjusted for age, sex, and race,
and for the presence of type 2 diabetes, NASH or
nonalcoholic fatty liver, and fibrosis stage at
baseline, the occurrence of any new hepatic de-
compensation event was associated with death
from any cause (hazard ratio, 6.8; 95% CI, 2.2 to
21.3) (Table S6). In separate models that exam-
ined the association between a nonhepatic new
event and all-cause mortality, the hazard ratio
for cardiac events was 2.2 (95% CI, 0.8 to 6.4),
for decline of more than 40% in the eGFR was
1.9 (95% CI, 0.7 to 5.2), and for nonhepatic can-
cer was 1.7 (95% CI, 0.4 to 7.6). The hazard ratio
for death from any cause among patients with
NASH and stage F3 or F4 fibrosis after decom-
pensation, as compared with patients with
NAFLD without NASH and with stage FO to F2
fibrosis, was 17.2 (95% CI, 5.2 to 56.6) (Table S4).
A competing risk model that was used to com-
pare liver-related deaths with non-liver-related
deaths, with adjustment for age, sex, race, pres-
ence of type 2 diabetes, and NASH or nonalco-
holic fatty liver, yielded a hazard ratio of 5.8
(95% CI, 0.9 to 38.4) for stage F3 fibrosis as
compared with stages FO to F2 and 12.7 (95%
CI, 1.8 to 88.6) for stage F4 as compared with
stages FO to F2 (Table 2). In addition, the inci-
dence of ascites, encephalopathy, and variceal
hemorrhage had similar associations with mor-
tality (Fig. S1).

DISCUSSION

In this prospective cohort study involving pa-
tients with NAFLD, all-cause mortality in the
study population (0.57 deaths per 100 person-
years) was higher than the expected background
age-related rates (0.4 deaths per 100 person-
years).”> Mortality increased with increasing fi-
brosis stages, from 0.32 per 100 person-years for
stage FO to F2 to 0.89 per 100 person-years for
stage F3 and to 1.76 deaths per 100 person-years
for stage F4. Adjusted models showed that the
incidence of any hepatic decompensation event
was associated with higher mortality (hazard ra-
tio, 6.8; 95% CI, 2.2 to 21.3). Although the obser-
vational nature of this study cannot establish a
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Table 1. Baseline Characteristics of Adults with NAFLD, According to Fibrosis Stage at Enrollment.*
Stage F4, Stage F3, Stage FO to F2, No, Mild,
Cirrhosis Bridging Fibrosis or Moderate Fibrosis Total
Variable (N=167) (N=369) (N=1237) (N=1773)
Demographic characteristics
Age —yr 57+9 55+12 50+12 52+12
Sex — no. (%)
Male 44 (26) 116 (31) 472 (38) 632 (36)
Female 123 (74) 252 (69) 765 (62) 1141 (64)
Race — no. (%)
White 160 (96) 321 (87) 1028 (83) 1509 (85)
Other or not reported 7 (4) 48 (13) 211 (17) 264 (15)
Hispanic ethnic group
Yes 10 (6) 30 (8) 177 (14) 217 (12)
No 157 (94) 339 (92) 1060 (86) 1556 (88)
Body-mass indexi
Median (IQR) 35 (31 to 40) 34 (31 to 40) 33 (29 to 37) 33 (30 to 38)
Distribution — no. (%)
<25 5(3) 17 (5) 55 (4) 77 (4)
25 to <30 27 (16) 61 (17) 325 (26) 413 (23)
30to <35 52 (31) 121 (33) 403 (33) 576 (33)
=35 83 (50) 168 (46) 451 (37) 702 (40)
NAFLD history
Median age at diagnosis 53 (47-60) 52 (44-61) 47 (37-56) 49 (39-57)
(IQR) —yr
Median time since diagnosis 3.8 (0.5-7.1) 3.1 (0.4-6.4) 2.3 (0.3-5.4) 2.7 (0.4-5.7)
(IQR) —yr
Histologic features
NAFLD activity scoref 4.2+1.3 5.1£1.6 4.0+1.7 4.2+1.7
Steatosis score 1.2+0.8 1.7+0.9 1.8+0.9 1.7+0.9
Lobular inflammation 1.4+0.7 1.8+0.8 1.4+0.6 1.5+0.7
score
Ballooning score 1.6+0.7 1.5+0.7 0.8+0.8 1.0+0.9
Fibrosis stageq 4.0+0.0 3.0£0.0 0.9+0.8 1.6+1.3
NASH diagnosis — no. (%)
Definite or borderline 154 (92) 347 (94) 827 (67) 1338 (75)
NASH
NAFLD, not NASH 13 (8) 12 (3) 410 (33) 435 (25)
Median time since biopsy (IQR) 3.4 (1.8-33.2) 2.6 (1.6-7.9) 2.7 (1.5-17.9) 2.7 (1.6-17.5)
— mo
Biopsy specimen length 2212 2210 20+10 20+£10
—mm
Liver tests
Median ALT (IQR) — U/liter 42 (28-60) 59 (37-96) 50 (32-76) 51 (32-79)
Median AST (IQR) — U/liter 44 (31-63) 52 (37-76) 35 (26-52) 38 (28-59)
Median ALP (IQR) — U/liter 88 (72-112) 81 (65-97) 73 (59-88) 75 (61-93)
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Table 1. (Continued.)
Stage F4, Stage F3, Stage FO to F2, No, Mild,
Cirrhosis Bridging Fibrosis or Moderate Fibrosis Total
Variable (N=167) (N=369) (N=1237) (N=1773)
Total bilirubin — mg/dI 0.8+0.5 0.7+0.4 0.7+0.4 0.7+0.4
INR 1.11+0.25 1.05+0.13 1.01+0.14 1.03+0.15
Laboratory results
Median serum creatinine (IQR) 0.7 (0.6-0.9) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.8 (0.7-0.9)
— mg/dl
Median eGFR (IQR) — ml/ 93 (80-104) 94 (80-104) 96 (82-107) 96 (81-106)
min/1.73 m?|
Serum albumin (IQR) — g/dl 4.1 (3.8-4.4) 43 (4.0-4.5) 43 (4.1-4.6) 43 (4.0-4.5)
Platelets per yL (IQR) 154,000 209,000 237,000 227,000
(116,000-207,000) (160,000-255,000) (197,000-281,000) (184,000-270,000)

* Plus—minus values are means +SD. Percentages may not total 100 because of rounding. Differences seen according
to fibrosis stage in this population may not be true for the general population. To convert the values for creatinine to
micromoles per liter, multiply by 88.4. Data were missing for the following variables: race (1 patient), body-mass index
(5 patients); age at diagnosis and time since diagnosis (199 patients whose data were not captured in the FLINT trial);
biopsy length (9 patients); alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
bilirubin, serum creatinine, estimated glomerular filtration rate (eGFR), and platelets (3 patients each); and albumin
(4 patients). INR denotes international normalized ratio, IQR interquartile range, NAFLD nonalcoholic fibrotic liver

disease, and NASH nonalcoholic steatohepatitis.
7 Race and ethic group were reported by the patient.

I Body-mass index is the weight in kilograms divided by the square of the height in meters. A body-mass index of less
than 25 indicates normal weight, of 25 to less than 30 overweight, of 30 to less than 35 obesity, and of 35 or above

morbid obesity.

§ The NAFLD activity score was assessed on a scale of 0 to 8, with higher scores indicating more severe disease; the compo-
nents of this measure are steatosis (assessed on a scale of 0 to 3), lobular inflammation (assessed on a scale of 0 to 3),
and hepatocellular ballooning (assessed on a scale of 0 to 2).

9§ The fibrosis stage was assessed on a scale of 0 to 4, with higher scores indicating more severe fibrosis.

| The eGFR was calculated with the use of the Chronic Kidney Disease Epidemiology Collaboration formula.

causal link between fibrosis severity and all-cause
mortality, fibrosis is a well-established cause of
portal hypertension, which is mechanistically re-
lated to hepatic decompensation events.”>** Our
findings thus provide support for the use of
“progression to cirrhosis” as a generally accept-
ed surrogate outcome for regulatory approval of
therapeutic agents. Also, the higher rate of he-
patic decompensation events (ascites, variceal
bleeding, and encephalopathy) and hepatocellu-
lar carcinoma among patients with bridging fi-
brosis (stage 3) than among patients with lower
fibrosis stages provides a rationale for ongoing
and future trials to test the hypothesis that a
one-stage regression of fibrosis from stage F3 to
stage F2 may translate to fewer hepatic decom-
pensation events.

In this study, the hazard ratio for death from
any cause among patients with stage F2 fibrosis,
as compared with those with stage FO or F1, was
2.3 (95% CI, 0.8 to 7.0); however, given the low

event rates and wide confidence intervals, these
data cannot be used to infer a higher risk of
death. Additional prospective studies are needed
to confirm or refute these data; such data will
be important to define the benefits of treatment
in patients with stage F2 fibrosis and to define
whether benefits accrue from lack of progres-
sion alone or also from regression of the fibrosis
stage.

It is estimated that in the United States, 9.8
million persons are living with NASH and stage
FO to F2 fibrosis, 2 million with NASH and stage
F3 fibrosis, and 1.3 million with NASH and
stage F4 fibrosis.”® On the basis of these esti-
mates and the mortality observed in this study
(0.89 and 1.76 deaths per 100 person-years for
fibrosis stages F3 and F4, respectively), we esti-
mate that the annual number of deaths that can
be expected among persons who currently have
stage F3 disease is 17,800 and that the number
among persons with stage F4 disease is 22,880.
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Figure 2. Outcomes in NAFLD.
Shown is a Kaplan—Meier time-to-event analysis for patients with early disease (mild fibrosis stage FO to F2), bridging fibrosis (stage F3),
and cirrhosis (stage F4). Data for stages FO to F2 are combined owing to very few events in the individual stages within this grouping.
Numbers shown in parentheses are the number of events within the interval. The number of censored events is the difference between
the number at risk at the beginning and at the end of the interval minus the number of events in the interval. Shown are all-cause mortality
(Panel A), new-onset clinical decompensation events (variceal bleed, ascites, or encephalopathy) (Panel B), hepatocellular carcinoma
(Panel C), and extrahepatic cancer (Panel D). Widths of confidence intervals have not been adjusted for multiplicity and should not be
used to infer generalizable effects. Insets show the same data on an enlarged y axis.
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We recently found that approximately 14% of
patients with stage FO to F2 fibrosis have pro-
gression to stage F3, and 2% have progression
to stage F4 over a mean duration of 4.5 years.>
Integration of these data with the observed out-
comes translates to 15,000 additional deaths
annually among persons whose disease transi-
tions to stage F3 or F4. Although not all these
deaths are attributable to liver disease, these
data provide a framework for the design of out-
comes trials and assessment of the benefits of
fibrosis improvement in shorter trials.

Disease activity is another key facet of NASH
and represents the elements driving the fibro-
genic remodeling of the liver.”” Previous attempts
to link NAFLD activity scores to mortality have
not shown a link independent of fibrosis.*” These
studies were, however, confounded by the col-
linearity between NASH and advanced fibrosis.
It is well known, and noted in this study, that
fibrosis progression occurs principally in per-
sons with NASH, and development of steato-
hepatitis, another indicator of disease activity, is
the principal driver of fibrosis progression in
persons with nonalcoholic fatty liver.”® In rela-
tively short-term clinical trials involving patients
with mainly early-stage disease, worsening of the
NAFLD activity score has been linked to fibrosis
progression.” These findings support reduction
in disease activity (in terms of NASH resolution)
or reduction in the NAFLD activity score by
2 points or more without worsening of fibrosis
as relevant short-term end points for clinical
trials that target drivers of disease activity.

The generalizability of these data are limited
by the ascertainment bias that is inherent in
studies conducted at tertiary care centers and
with study populations that are predominantly
White. The patient population in this study is
representative of patient populations treated for

NAFLD at the participating clinical centers.
Black patients constitute a small proportion of
the total NAFLD patient population, as observed
in the National Health and Nutrition Examina-
tion Survey (NHANES),”® and were also a small
minority of the enrolled population in this study.
NAFLD affects many persons of Hispanic ances-
try, and this subpopulation was relatively under-
represented in this study. Also, the widths of the
confidence intervals around the hazard ratios
are not adjusted for multiplicity and do not per-
mit statistical inferences regarding the associa-
tions. Although this was a carefully selected
population with minimal or no alcohol use, in a
real-world setting, many patients consume more
alcohol than the patients in this study without
having liver disease that is entirely attributable
to alcohol use. Finally, most deaths occurred in
centers outside the study sites, and the quality
of the data available to determine the cause of
death was mixed. These limitations notwith-
standing, the current study provides critically
needed prospective data on the rates and types
of outcomes among patients with nonalcoholic
fatty liver and NASH.

This study showed an association between
fibrosis stages F3 and F4 and hepatic decompen-
sation and death in patients with NAFLD. These
data may be helpful in the assessment of prog-
noses and in the use of treatments for NASH.

Supported by the National Institute of Diabetes and Diges-
tive and Kidney Diseases (NIDDK) (grants U01DK061713,
U01DK061718, U01DK061728, U01DK061731, U01DK061732,
U01DK061734, U01DK061737, U01DK061738, U01DK061730,
U24DK061730), by the National Center for Advancing Translation-
al Sciences (grants UL1TR000439, UL1TR000436, UL1TR000006,
UL1TR000448, UL1TR000100, UL1TR000004, UL1ITR000423,
UL1TR002649), and in part by the Intramural Research Program
of the National Institutes of Health, National Cancer Institute.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

REFERENCES
1. Younossi ZM, Koenig AB, Abdelatif D, 3.

Unalp-Arida A, Ruhl CE. Noninvasive

in nonalcoholic fatty liver disease: sys-

Fazel Y, Henry L, Wymer M. Global epide-
miology of nonalcoholic fatty liver disease
— meta-analytic assessment of preva-
lence, incidence, and outcomes. Hepatol-
ogy 2016;64:73-84.

2. Noureddin M, Vipani A, Bresee C, etal.
NASH leading cause of liver transplant in
women: updated analysis of indications
for liver transplant and ethnic and gender
variances. Am J Gastroenterol 2018;113:
1649-59.

1568

N ENGL ) MED 385;17

fatty liver markers predict liver disease
mortality in the U.S. population. Hepatol-
ogy 2016;63:1170-83.

4. Golabi P, Stepanova M, Pham HT, et al.
Non-alcoholic steatofibrosis (NASF) can
independently predict mortality in patients
with non-alcoholic fatty liver disease
(NAFLD). BMJ Open Gastroenterol 2018;
5(1):e000198.

5. Dulai PS, Singh S, Patel J, et al. In-
creased risk of mortality by fibrosis stage

tematic review and meta-analysis. Hepa-
tology 2017;65:1557-65.

6. Hagstrom H, Nasr P, Ekstedt M, et al.
Fibrosis stage but not NASH predicts mor-
tality and time to development of severe
liver disease in biopsy-proven NAFLD.
J Hepatol 2017;67:1265-73.

7. Angulo P, Kleiner DE, Dam-Larsen S,
et al. Liver fibrosis, but no other histo-
logic features, is associated with long-
term outcomes of patients with nonalco-

NEJM.ORG OCTOBER 21, 2021

The New England Journal of Medicine
Downloaded from negim.org at SERVICIO EXTREMENO DE SALUD on October 22, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



OUTCOMES IN NONALCOHOLIC FATTY LIVER DISEASE

holic fatty liver disease. Gastroenterology
2015;149(2):389.€10-397.€10.

8. Taylor RS, Taylor RJ, Bayliss S, et al.
Association between fibrosis stage and
outcomes of patients with nonalcoholic
fatty liver disease: a systematic review
and meta-analysis. Gastroenterology 2020;
158(6):1611.€12-1625.€12.

9. von Elm E, Altman DG, Egger M,
Pocock SJ, Gotzsche PC, Vandenbroucke
JP. The Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) statement: guidelines for re-
porting observational studies. Ann Intern
Med 2007;147:573-7.

10. Saunders JB, Aasland OG, Babor TF,
de la Fuente JR, Grant M. Development of
the Alcohol Use Disorders Identification
Test (AUDIT): WHO collaborative project
on early detection of persons with harm-
ful alcohol consumption. Addiction 1993;
88:791-804.

11. Chalasani N, Younossi Z, Lavine JE,
et al. The diagnosis and management of
nonalcoholic fatty liver disease: practice
guidance from the American Association
for the Study of Liver Diseases. Hepatology
2018;67:328-57.

12. Kleiner DE, Brunt EM, Van Natta M,
et al. Design and validation of a histologi-
cal scoring system for nonalcoholic fatty
liver disease. Hepatology 2005;41:1313-21.
13. Sanyal AJ, Chalasani N, Kowdley KV,
et al. Pioglitazone, vitamin E, or placebo
for nonalcoholic steatohepatitis. N Engl J
Med 2010;362:1675-85.

N ENGL ) MED 385;17

14. American Diabetes Association. Diag-
nosis and classification of diabetes mel-
litus. Diabetes Care 2004;27:Suppl 1:S5-
§10.

15. American Diabetes Association. 2.
Classification and diagnosis of diabetes:
Standards of Medical Care in Diabetes-2018. Dia-
betes Care 2018;41:Suppl 1:513-S27.

16. D’Amico G, Garcia-Tsao G, Pagliaro
L. Natural history and prognostic indica-
tors of survival in cirrhosis: a systematic
review of 118 studies. J Hepatol 2006;44:
217-31.

17. Kamath PS, Wiesner RH, Malinchoc
M, et al. A model to predict survival in
patients with end-stage liver disease. Hep-
atology 2001;33:464-70.

18. Freeman RB Jr. Model for end-stage
liver disease (MELD) for liver allocation:
a 5-year score card. Hepatology 2008;47:
1052-7.

19. Fine JP, Gray RJ. A proportional haz-
ards model for the subdistribution of a
competing risk. ] Am Stat Assoc 1999;94:
496-509.

20. Neuschwander-Tetri BA, Loomba R,
Sanyal AJ, et al. Farnesoid X nuclear re-
ceptor ligand obeticholic acid for non-
cirrhotic, non-alcoholic steatohepatitis
(FLINT): a multicentre, randomised, pla-
cebo-controlled trial. Lancet 2015;385:
956-65.

21. Sheka AC, Adeyi O, Thompson J,
Hameed B, Crawford PA, Ikramuddin S.
Nonalcoholic steatohepatitis: a review.
JAMA 2020;323:1175-83.

22. Xu J, Murphy SL, Kockanek KD, Arias
E. Mortality in the United States, 2018.
NCHS Data Brief 2020;355:1-8.

23. Abraldes JG, Trebicka J, Chalasani N,
et al. Prioritization of therapeutic targets
and trial design in cirrhotic portal hyper-
tension. Hepatology 2019;69:1287-99.

24. Nagula S, Jain D, Groszmann RJ,
Garcia-Tsao G. Histological-hemodynam-
ic correlation in cirrhosis — a histologi-
cal classification of the severity of cirrho-
sis. J Hepatol 2006;44:111-7.

25. Estes C, Razavi H, Loomba R, You-
nossi Z, Sanyal AJ. Modeling the epidemic
of nonalcoholic fatty liver disease demon-
strates an exponential increase in burden
of disease. Hepatology 2018;67:123-33.
26. Kleiner DE, Brunt EM, Wilson LA, et al.
Association of histologic disease activity
with progression of nonalcoholic fatty
liver disease. JAMA Netw Open 2019;2(10):
€1912565.

27. Brunt EM, Kleiner DE, Wilson LA,
Sanyal AJ, Neuschwander-Tetri BA. Im-
provements in histologic features and di-
agnosis associated with improvement in
fibrosis in nonalcoholic steatohepatitis:
results from the Nonalcoholic Steatohep-
atitis Clinical Research Network treat-
ment trials. Hepatology 2019;70:522-31.
28. Le MH, Devaki P, Ha NB, et al. Preva-
lence of non-alcoholic fatty liver disease
and risk factors for advanced fibrosis and
mortality in the United States. PLoS One
2017;12(3):e0173499.

Copyright © 2021 Massachusetts Medical Society.

NEJM.ORG OCTOBER 21, 2021

1569

The New England Journal of Medicine
Downloaded from negim.org at SERVICIO EXTREMENO DE SALUD on October 22, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



