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Summary

Background Histologically assessed liver fibrosis stage has prognostic significance in patients with non-alcoholic fatty
liver disease (NAFLD) and is accepted as a surrogate endpoint in clinical trials for non-cirrhotic NAFLD. Our aim was
to compare the prognostic performance of non-invasive tests with liver histology in patients with NAFLD.

Methods This was an individual participant data meta-analysis of the prognostic performance of histologically assessed
fibrosis stage (F0—4), liver stiffness measured by vibration-controlled transient elastography (LSM-VCTE), fibrosis-4
index (FIB-4), and NAFLD fibrosis score (NFS) in patients with NAFLD. The literature was searched for a previously
published systematic review on the diagnostic accuracy of imaging and simple non-invasive tests and updated to
Jan 12, 2022 for this study. Studies were identified through PubMed/MEDLINE, EMBASE, and CENTRAL, and authors
were contacted for individual participant data, including outcome data, with a minimum of 12 months of follow-up.
The primary outcome was a composite endpoint of all-cause mortality, hepatocellular carcinoma, liver transplantation,
or cirrhosis complications (ie, ascites, variceal bleeding, hepatic encephalopathy, or progression to a MELD score =15).
We calculated aggregated survival curves for trichotomised groups and compared them using stratified log-rank tests
(histology: F0-2 vs F3 vs F4; LSM: <10 vs 10 to <20 vs =20 kPa; FIB-4: <1-3 vs 1-3 to <2-67 vs >2-67; NFS:
<-1-455 vs —1-455 to <0-676 vs >0-676), calculated areas under the time-dependent receiver operating characteristic
curves (tAUC), and performed Cox proportional-hazards regression to adjust for confounding. This study was
registered with PROSPERO, CRD42022312226.

Findings Of 65 eligible studies, we included data on 2518 patients with biopsy-proven NAFLD from 25 studies
(1126 [44-7%)] were female, median age was 54 years [IQR 44-63), and 1161 [46-1%] had type 2 diabetes). After a
median follow-up of 57 months [IQR 33-91], the composite endpoint was observed in 145 (5-8%) patients. Stratified
log-rank tests showed significant differences between the trichotomised patient groups (p<0-0001 for all comparisons).
The tAUC at 5 years were 0-72 (95% CI 0-62-0-81) for histology, 0-76 (0-70-0-83) for LSM-VCTE, 0-74 (0-64-0-82)
for FIB-4, and 0-70 (0-63-0-80) for NFS. All index tests were significant predictors of the primary outcome after
adjustment for confounders in the Cox regression.

Interpretation Simple non-invasive tests performed as well as histologically assessed fibrosis in predicting clinical
outcomes in patients with NAFLD and could be considered as alternatives to liver biopsy in some cases.

Funding Innovative Medicines Initiative 2.
Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease globally,
affecting 25-30% of the general population and up to
70% of those with obesity and type 2 diabetes.! NAFLD

includes a range of histologically defined pathology,
from accumulation of fat only (isolated steatosis), to
accumulation of fat with associated inflammation and
liver cell damage (hepatocyte ballooning; collectively
termed non-alcoholic steatohepatitis [NASH]), and

www.thelancet.com/gastrohep Published online June 5,2023 https://doi.org/10.1016/52468-1253(23)00141-3

>R®

CrossMark

Lancet Gastroenterol Hepatol
2023

Published Online
June5,2023
https://doi.org/10.1016/
$2468-1253(23)00141-3

See Online/Comment
https://doi.org/10.1016/
$2468-1253(23)00149-8

*The LITMUS investigators are
listed in the appendix (pp 2-5)

Oxford Centre for Clinical
Magnetic Resonance Research,
Division of Cardiovascular
Medicine, Radcliffe
Department of Medicine,
University of Oxford, Oxford,
UK (F E Mézes DPhil,

Prof S A Harrison MD,

M Pavlides DPhil); Department
of Epidemiology and Data
Science, Amsterdam Public
Health () A Lee PhD, Y Vali PhD,
Prof P M Bossuyt PhD) and
Department of Vascular
Medicine (A G Holleboom PhD,
A-M van Dijk MD, A L Mak MD),
Amsterdam UMC, University of
Amsterdam, Netherlands;
School of Medicine,

The University of Jordan,
Amman, Jordan (O Alzoubi MD);
Division of Gastroenterology
and Hepatology, Department
of Medicine Il (K Staufer MD,
Prof M Trauner PhD,

R Paternostro MD) and Division
of Transplantation,
Department of Surgery

(K Staufer), Medical University
of Vienna, Vienna, Austria;
Division of Gastroenterology
and Hepatology, Department
of Internal Medicine, Medical
University of Graz, Graz,
Austria (Prof R E Stauber MD);


http://crossmark.crossref.org/dialog/?doi=10.1016/S2468-1253(23)00141-3&domain=pdf

Articles

Laboratoire HIFIH,

UPRES EA 3859, SFR ICAT
4208, Université d’Angers,
Angers, France

(Prof ) Boursier PhD); Service
d’Hépato-Gastroentérologie et
Oncologie Digestive, Centre
Hospitalier Universitaire
d’Angers, Angers, France
(Prof ) Boursier,

M de Saint Loup MD);
Hepatology Center,

Saiseikai Suita Hospital, Osaka,
Japan (T Shima MD);
Department of Medical
Sciences, University of Turin,
Torino, Italy

(Prof E Bugianesi MD, S Gaia MD,
A Armandi MD); All India
Institute of Medical Sciences,
New Delhi, India

(Prof Shalimar MD);
Department of Medical
Imaging, luliv Hatieganu
University of Medicine and
Pharmacy, Regional Institute
of Gastroenterology and
Hepatology "Prof. Dr. Octavian
Fodor”, Cluj-Napoca, Romania
(Prof M Lupsor-Platon PhD);
Department of Medicine and
Therapeutics, The Chinese
University of Hong Kong,
Hong Kong Special
Administrative Region, China
(Prof VW-SWong MD, G Li MD,
Prof G L-H Wong MD);
Translational Gastroenterology
Unit, University of Oxford,
Oxford, UK () Cobbold PhD,

M Pavlides); Oxford National
Institute for Health and Care
Research (NIHR) Biomedical
Research Centre, Oxford
University Hospitals National
Health Service (NHS)
Foundation Trust, University of
Oxford, Oxford, UK (J Cobbold,
M Pavlides); Department of
Oncology, Gastroenterology,
Hepatology, Pulmonology and
Infectious Diseases, University
Hospital Leipzig, Leipzig,
Germany (T Karlas MD,

) Wiegand MD); Division of
Gastroenterology and
Hepatology and Division of
Infectious Diseases, McGill
University Health Centre,
Montreal, QC, Canada

(G Sebastiani MD);

Sheila Sherlock Liver Unit,
Royal Free London NHS
Foundation Trust, London, UK
(Prof E Tsochatzis PhD,

A Liguori MD); Institute for
Liver and Digestive Health,
University College London,
London, UK (Prof E Tsochatzis,
A Liguori); Department of
Translational Medicine and

Research in context

Evidence before this study

Development of non-invasive biomarkers that can replace
biopsy for the assessment of non-alcoholic fatty liver disease
(NAFLD) remains an unmet clinical need. Liver stiffness
measurement by vibration-controlled transient elastography
(LSM-VCTE) is one of the more widely studied biomarkers, with
data primarily originating from cross-sectional studies
examining its diagnostic accuracy against liver histology. Some
prospective studies have also shown that LSM-VCTE can
provide prognostic information, but its performance has not
been directly compared with that of biopsy. To identify
patients that have been assessed with both LSM-VCTE and
biopsy at baseline, we previously did a systematic review of the
literature for cross-sectional studies comparing vibration-
controlled transient elastography to liver histology. We
searched PubMed/MEDLINE, EMBASE, and CENTRAL
(Cochrane Library) from inception of the database until

Jan 12, 2022. We searched for the MESH term of “elasticity
imaging techniques” OR title and abstracts for the term
“transient elastography” or variations of this, AND the MESH
term “non-alcoholic fatty liver disease” OR titles and abstracts
for the terms “NAFLD"” OR NASH” OR variations of them. We
did not apply any language restrictions. Authors were
contacted for the baseline data included in the cross-sectional
studies and, where possible, published or unpublished
follow-up and outcome data. From the available data, the
fibrosis-4 index (FIB-4) and NAFLD fibrosis score (NFS) were

increasing degrees of fibrosis up to cirrhosis (F0—4).”
Worsening stages of the disease, from isolated steatosis
to NASH with fibrosis to cirrhosis, are associated with
a progressively increased risk of adverse clinical
outcomes.’

NAFLD is a major public health problem, yet there are
currently no approved treatments for this condition. This
is an area of intense activity, with multiple clinical trials
assessing the efficacy of numerous pharmacotherapies.
Although regulatory approval is generally granted for
therapies that lead to improvement in how patients
survive, feel, and function, these outcomes are not
feasible endpoints for trials in people with non-cirrhotic
NASH due to the long natural history of the disease. As
there is an association between histologically assessed
liver fibrosis and inflammation (ie, NASH) and adverse
clinical outcomes,’* improvements in these parameters
are accepted as surrogate endpoints for the purposes of
regulatory approval. However, this approach introduces
the need for liver biopsy, which is a major limiting factor
in the conduct of clinical trials due to patient reluctance
to undergo invasive procedures and sampling and
observer-dependent variability® which means that
increased numbers of patients are needed to achieve the
required statistical power. Therefore, there is a great
need to validate biomarkers other than histology as

computed where possible. To the best of our knowledge, the
data we have collected comprise the largest dataset directly
comparing the prognostic performance of liver histology with
that of LSM-VCTE, FIB-4, and NFS.

Added value of this study

In this study, we provide the first substantial evidence that
non-invasive tests have similar prognostic performance to
histologically assessed liver fibrosis. Histologically assessed
liver fibrosis, LSM-VCTE, FIB-4, and NFS all provide useful
prognostic information. There was no significant difference
between the prognostic performance of the three biomarkers
and histological fibrosis staging on time-dependent receiver
operating characteristic curve analysis. Both histology and all
three biomarkers were significant predictors of clinical
outcomes when adjusting for potential confounders.

Implications of all the available evidence

The prognostic significance of histologically assessed liver
fibrosis has supported the use of liver biopsy for the evaluation
of patients with NAFLD in many contexts. In clinical practice,
liver biopsy might be needed for the diagnosis of cirrhosis,
which remains an important endpoint and affects clinical
management. In clinical trials, eligibility criteria and surrogate
endpoints are also based on liver histology. Our data showing
similar prognostic performance of biomarkers and histology
would support a change in practice, such that non-invasive
tests replace biopsy in these contexts.

alternative surrogate endpoints, something that is likely
to accelerate NAFLD drug development.

There is now a wealth of data and experience on the use
of non-invasive biomarkers from numerous studies that
examined the diagnostic accuracy of non-invasive tests
against liver histology’® in cross-sectional comparative
studies. However, there is a relative scarcity of studies
examining the prognostic value of non-invasive tests, and
direct comparisons with liver histology have only been
done in relatively few patients. Despite recent advances,
no non-invasive test has yet been accepted as a surrogate
endpoint and this clinical and drug development need
remains unfulfilled. This gap is recognised by the
regulators who encourage study sponsors to include
evaluations of biomarkers in their studies.’

The aim of our study was to compare the prognostic
performance of liver histology, liver stiffness measure-
ments by vibration-controlled transient elastography
(LSM-VCTE), the fibrosis-4 index (FIB-4),° and the
NAFLD fibrosis score (NFS)" for adverse clinical
outcomes in adult patients with NAFLD.

Methods

Search strategy and selection criteria

This study is an individual participant data meta-analysis.
As part of the evidence synthesis efforts of the LITMUS
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project, we had already conducted a systematic review
and individual participant data meta-analysis of
cross-sectional studies evaluating the diagnostic accuracy
of imaging and simple non-invasive tests, including
LSM-VCTE, FIB-4, and NFS, against liver histology as
the reference standard.”” The individual participant data
meta-analysis reported in this Article is an extension of
the aforementioned systematic review, now focusing on
the prognostic performance of non-invasive tests.

Our initial searches were conducted from inception
up to July 27, 2020. For this study, we updated the
literature searches on PubMed/MEDLINE, EMBASE,
and CENTRAL (Cochrane Library; for search terms, see
the appendix [p 6]) up to Jan 12, 2022; no language
restrictions were set. Both the initial and subsequent
literature searches aimed to identify patients that had
already been assessed in cross-sectional studies for the
diagnostic accuracy of LSM-VCTE against liver histology
that could then be followed up for the development

of clinical outcomes. Studies in adult patients
(aged >18 years) with NAFLD were eligible for inclusion
if participants had undergone liver biopsy that was
assessed for fibrosis and steatohepatitis, had LSM-VCTE
within 6 months, and had been followed up for at least
12 months from the time of biopsy. Patients with
chronic liver conditions other than NAFLD, such as
alcohol-related liver disease or chronic viral hepatitis,
were excluded.

Authors of eligible studies were contacted by email and
the study protocol was shared with them. As our literature
search identified cross-sectional studies, we asked
authors if their local ethical frameworks and approvals
would allow them to collect and share outcome data.
Other than existing local approvals, no additional ethical
approval was sought for this meta-analysis, as only
anonymised data were collected centrally. A reminder
message was sent after 2 weeks to authors who did not
respond. The studies of authors who did not respond, or

Study selection

| 10401 records identified through database searching |

—>| 5730 duplicate records removed |

v

| 4671 titles and abstracts screened |

—>| 4148 irrelevant studies removed |

v

| 523 full-text studies assessed for eligibility |

—>| 441 studies excluded |

v

82 studies included in larger systematic review
68 LSM-VCTE
14 other imaging methods

14 studies using other imaging methods
4 studies lacking corresponding author's
email address

>

v

65 studies whose authors were emailed for
datasets

16 no datasets received

1study data uninterpretable

1 study data not found by author
22 study data incomplete

v

25 studies included in individual participant data
meta-analysis

Individual participant data selection

| 3474 participant datasets received from 25 studies

4 age <18 year
9 histologically determined fibrosis stage
missing
76 time between biopsy and LSM-VCTE
>6 months
122 LSM-VCTE missing
193 follow-up date unavailable
525 follow-up or clinical event occurred within
12 months
161 biopsy date unavailable

4

2518 participant datasets included
2518 LSM-VCTE
2275 FIB-4
2040 NFS

Figure 1: Study profile

LSM-VCTE=liver stiffness measurement by vibration-controlled transient elastography. FIB-4=fibrosis-4 index. NFS=non-alcoholic fatty liver disease fibrosis score.
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where they could not collect or share outcome data, were
excluded without any attempts to extract aggregate data.
Data were curated centrally by FEM and MP, and any
queries were resolved directly with the authors of the
primary studies. Attempts were made to recover missing
data either until data were received or confirmed as
unavailable. The study protocol was registered with
PROSPERO.

Data analysis

We provided a template spreadsheet with the required
fields, which was completed by the authors and returned
to the analysis team by email. We collected data on
baseline demographics (ie, age, sex, weight, BMI, presence
of type 2 diabetes), histology (ie, fibrosis and NAS score),
blood tests (ie, ¢y-Glutamyl transferase, alanine
aminotransferase, aspartate aminotransferase, platelet
count, and albumin), LSM-VCTE, and the number of days
between liver biopsy and LSM-VCTE. We collected data on
mortality (all-cause and liver-related), liver transplantation,

Total cohort (n=2518)

FIB-4 subgroup (n=2275) NFS subgroup (n=2040)

Demographics

Female 1126 (44-7%) 1018 (44-8%) 927 (45-4%)
Male 1392 (553%) 1257 (55-2%) 1113 (54-6%)
BMI =30 kg/m* 993 (39:4%) 900 (39-6%) 814 (39-9%)
Type 2 diabetes 1161 (46-1%) 1044 (45-9%) 968 (47-5%)
Age, years 54 (44-63) 54 (43-63) 54 (43-63)
BMI, kg/m* 29 (26-32) 29 (26-32) 29 (26-32)
Biopsy data
Fibrosis stage
FO 441 (17-5%) 423 (18-6%) 377 (18:5%)
F1 745 (29-6%) 666 (29-3%) 606 (29-7%)
F2 511 (20-3%) 443 (19:5%) 390 (19-1%)
F3 511 (20-3%) 462 (20:3%) 415 (20:3%)
F4 310 (12:3%) 281 (12:3%) 252 (12-4%)
NAFLD activity score 4(3-5) 4(3-5) 4(3-5)
NASH 1219 (48-4%) 1107 (48-7%) 1040 (51-0%)
Blood tests
Alanine 58 (37-89) 59 (37-89) 58 (37-89)
aminotransferase, IU/L
Aspartate 41(29-61) 42 (30-62) 42 (29-62)

aminotransferase, IU/L

Platelets, x 10°/L
Albumin, g/L

y-Glutamyl transferase,

1U/L

Non-invasive tests
LSM-VCTE, kPa
FIB-4 index

NFS

220 (175-267)
42 (37-45)
62 (35-113)

8.6 (6-1-12-8)
133 (0-86-2-11)
-0-953
(-2:390t0 0-423)

220 (175-267)
42 (37-46)
63 (36-113)

8.6 (6:1-12-9)
133 (0-86—2-12)
-0-953
(-2:390t0 0-423)

221 (175-269)
42 (37-46)
62 (36-113)

8.6 (61-12.8)
132 (0-85—2-10)
-0-953
(-2:390 t0 0-423)

Data are presented as median (IQR) or n (%). BMI=body-mass index. FIB-4=fibrosis-4 index. LSM-VCTE=liver stiffness
measurement by vibration-controlled transient elastography. NAFLD=non-alcoholic fatty liver disease. NFS=NAFLD

fibrosis score.

Table 1: Baseline characteristics of the total cohort and subgroups with fibrosis-4 index and NFS

hepatocellular carcinoma, and cirrhosis complications
(ie, presence of ascites, hepatic encephalopathy, variceal
bleeding, and increase in MELD score to =15),
cardiovascular events (ie, myocardial infarction and
stroke), and non-primary liver cancer. Dates of clinical
event and dates of last follow-up were recorded.

The primary outcome was a composite endpoint that
included all-cause mortality, liver transplantation, hepato-
cellular carcinoma, cirrhosis decompensation (variceal
bleeding, ascites, hepatic encephalopathy), and increase
in MELD score to 15 or higher. In patients who developed
more than one event, only the first one was considered in
the analysis. Cardiovascular events and non-primary liver
cancer (ie, all extrahepatic primary cancers) were
secondary outcomes.

The Quality Assessment of Prognostic Accuracy
Studies (QUAPAS) tool was used to assess the
methodological quality and risk of bias in the included
studies.” In accordance with QUAPAS, we developed a
tailored assessment framework that did not include
signalling questions relating to analysis as the statistical
analysis was defined as part of this study and not
published previously.

The main index tests were histologically quantified
liver fibrosis assessed using the NASH Clinical Research
Network scoring system” and LSM-VCTE performed
with FibroScan (Echosens; Paris, France). The FIB-4 and
NFS scores were considered where data were available.
For each index test, we considered the prognostic
performance of previously established thresholds. For
LSM-VCTE, we chose the upper cutoff of 20 kPa, which
had a 95% sensitivity in our cross-sectional individual
participant data meta-analysis, and a lower cutoff of
10 kPa, which we also previously validated as a so-called
rule-in cutoff for advanced fibrosis (appendix p 6).

Baseline characteristics were summarised as median
(IQR). Survival analysis was done on all the available data
for each outcome with each non-invasive test and
histology scores. The time to event was defined as the
time from the day of the biopsy or the day when non-
invasive tests were performed to the day of the outcome.
The time to event was considered censored at the time of
last visit for those not reaching the primary outcome.

For the survival curve analysis, data were trichoto-
mised on the basis of cutoffs from the literature
(fibrosis stage: FO-2 vs F3 vs F4% LSM: <10kPa vs
10 to <20kPa vs =20kPa’; FIB-4: <1-3 vs 1-3 to 2-67
vs >2-67" NFS: <1455 vs —1-455 to 0- 676 vs >0-676").
Study-specific cumulative hazard functions and derived
aggregated survival curves were calculated. Aggregated
survival curves were obtained by averaging over study-
specific survival curves. Differences between groups
were evaluated using the log-rank test statistic.

Standardised and weighted time-dependent receiver
operating characteristic (tROC) curve analysis was
performed to assess the prognostic performance of the
index tests; study source was considered as a fixed-effect
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covariate.® Area under the tROC curve (tAUC) and
cumulative sensitivities and dynamic specificities are
reported at 3, 5, and 10 years. Cumulative sensitivity was
defined as the probability of positive tests among patients
reaching the outcome before the specified timepoint, and
dynamic specificity was defined as the probability of a
negative test among patients not reaching the outcome
up to the specified timepoint.

Multivariable Cox proportional-hazards modelling was
performed to calculate hazard ratios (HRs) for the primary
and secondary outcomes, adjusted for potentially
confounding variables. To evaluate whether histology or
non-invasive tests were prognostic, two models were
compared using a generalised log-likelihood ratio test: one
containing potential confounders and another containing
the markers of interest as well as potential confounders.
Fibrosis stage and LSM-VCTE were adjusted for age, sex,
BMI, and presence of type 2 diabetes; FIB-4 was adjusted
for sex, BMI, and presence of type 2 diabetes; NFS was
adjusted for sex only. Cox regression models were
stratified by study, as fixed effects, to account for study-level

clustering. Because fibrosis stage has five categories, we
did not include non-invasive test results as continuous
variables but relied on literature-based cutoffs.

p values less than 0- 05 were used to indicate significant
differences. Analyses were performed using the
R statistical software, version 4.2.3, using the survival,
survminer, and RISCA packages. This report was
prepared in accordance with the recommendations of the
PRISMA-IPD statement. The study was registered with
PROSPERO, CRD42022312226.

Role of the funding source

The funder of the study and the authors’ institutions had
no role in study design, data collection, data analysis,
data interpretation, or writing of the report.

Results

After duplicate removal and screening, we emailed
the authors of 65 studies, of whom 25 provided
individual participant datasets (appendix p 14); of the
3474 participants in these studies, 2518 were eligible to
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F4 310 256 164 101 38 21 8 5 LSM =20kPa 274 218 148 85 33 15 7 2
(0) (34) (101)  (151)  (205)  (220)  (233)  (236) (0) (40) (92) (139)  (186)  (202)  (210)  (214)
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Number at risk Time (years) Number at risk Time (years)
(number censored) (number censored)
FIB-4<13 1117 963 645 463 284 169 111 49 NFS<-1-455 834 719 473 348 218 137 98 46
(0) (154) (467) (647) (827) (938)  (996)  (1055) (0) (113) (356) (481) (610) (687) (726) (776)
13<FIB-4<2:67 798 693 449 261 119 46 22 7 -1-455<NFS$<0-676 775 685 448 255 113 45 16 6
(0) (98) (333) (511) (641) (711) (735) (750) (0) (88) (309)  (495) (630)  (696) (724) (733)
FIB-4>2:67 361 300 194 97 32 13 5 3 NFS>0-676 431 348 206 97 24 7 5 3
(0) (41) (122) (202) (260) (277) (282) (284) (0) (65) (190)  (284) (351) (367) (369) (371)

Figure 2: Estimates of aggregated survival probabilities for participant groups stratified by cutoffs extracted from the literature
(A) Histologically assessed fibrosis. (B) LSM-VCTE. (C) FIB-4. (D) NFS. p values were calculated using stratified log-rank tests. LSM-VCTE=liver stiffness measurement by vibration-controlled transient
elastography. FIB-4=fibrosis-4 index. NFS=non-alcoholic fatty liver disease fibrosis score.
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be included in the meta-analysis (figure 1). The median
age of participants was 54 vyears (IQR 44-63),
1126 (44-7%) of 2518 participants were female,
1161 (46-1%) participants had type 2 diabetes, and
993 (39-4%) participants had a BMI of 30 kg/m2 or
more (table 1). The prevalence of fibrosis stages was
441 (17 5%) for FO, 745 (29-6%) for F1, 511 (20 - 3%) for F2,
511 (20-3%) for F3, and 310 (12-3%) for F4. All
2518 participants had histologically assessed fibrosis
stage and LSM-VCTE available. FIB-4 was available in
2275 (90-3%) participants, and NFS was available in
2040 (81-0%) participants.

Participants were recruited between 2003 and 2021.
Median follow-up was 57 months (IQR 33-91), and
145 (5-8%) of 2518 participants had an event included in
our primary outcome (appendix p 15). Liver-related
events developed in 114 (4-5%) participants, and
39 (1-5%) died after developing a liver-related event.
There were 31 (1-2%) deaths from non-liver-related
causes (appendix p 15). Baseline characteristics for
participants followed up for 3, 5, and 10 years, broken
down in event-free and with-event groups are presented
in the appendix (pp 16-18).

Biopsy
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tAUC
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Figure 3: tAUCs for histologically assessed fibrosis stage, LSM-VCTE, FIB-4, and NFS in predicting liver-related

events and all-cause mortality

Dashed lines represent 95% Cls. FIB-4=fibrosis-4 index. LSM-VCTE=liver stiffness measurement by vibration-
controlled transient elastography. NFS=non-alcoholic fatty liver disease fibrosis score. tAUC=time-dependent area
under the receiver operating characteristic curve.

In the participant selection domain, 14 (56%) of
25 studies had an unclear risk of bias due to unclear
exclusion criteria and four (16%) had a high risk of bias for
excluding participants without a valid biopsy or LSM-VCTE
(appendix p 7). In the outcome domain, 20 (80%) of
25 studies had an unclear or high risk of bias due to no
investigator blinding to index tests upon follow-up or
collection of outcomes through medical notes review.

There were significant differences for all index tests
when the total study group was trichotomised according to
previously published cutoffs (p<0-0001 for all comparisons;
figure 2). Survival curves for pairwise comparisons
between histological fibrosis stage and individual non-
invasive tests are shown in the appendix (p 8).

In general, LSM-VCTE had numerically higher tAUCs
than histology, FIB-4 had similar tAUCs to histology, and
NFS had numerically lower tAUCs than histology
(figure 3), but pairwise differences were not significant
(appendix p 9). Pairwise comparisons of tAUCs at 3-year,
5-year, and 10-year timepoints between histology and
non-invasive tests are presented in table 2.

For the development of the primary outcome after
5 years, histologically diagnosed cirrhosis had a
cumulative sensitivity of 33-3% (17/51) and dynamic
specificity of 90-5% (1033/1141), which was similar to the
performance for LSM-VCTE of 20 kPa or higher
(cumulative sensitivity 29-4% [15/51] and dynamic
specificity 92-0% [1050/1141]) and NFS of 0-676 or higher
(cumulative sensitivity 31-6% [12/38] and dynamic
specificity 84-6% [721/852]; table 3).

All index tests were significant predictors of the
primary outcome on univariable Cox regression
(appendix p 19). All index tests stratified by literature-
based cutoffs were significant predictors of the primary
outcome after adjusting for confounders (table 4;
p<0-0001 when comparing log-likelihoods of Cox models
with and without histology or non-invasive tests).

3years 5years 10 years
Histology 0-70 (0-61-0-83;  0-72 (0-62-0-81; 0-77 (0-71-0-85;
n=1816) n=1193) n=316)
LSM-VCTE 074 (0-65-0-83; 076 (0-70-0-83;  0.79 (0-73-0-85;
n=1816) n=1193) n=316)
Histology 072 (0-61-0-83; 074 (0-65-0-82; 0-80 (0-68-0-86;
n=1622) n=1032) n=227)
Fibrosis-4 0-69 (0-56-0-80; 0-74 (0-64-0-82; 0-81(0:72-0-88;
index n=1622) n=1032) n=227)
Histology 0-71(0-62-0-84; 0-73 (0-65-0-82; 0-81(0.72-0-88;
n=1440) n=891) n=188)
NFS 0-61(0-49-0-75;  0-70(0-63-0-80; 0-76 (0-63-0-85;
n=1440) n=891) n=188)

Estimates of time-dependent AUCs are shown with 95% Cls. LSM-VCTE=liver
stiffness measurement by vibration-controlled transient elastography. AUC=area
under the receiver operating characteristic curve. NFS=non-alcoholic fatty liver
disease fibrosis score.

Table 2: Pairwise comparisons of prognostic performance of non-
invasive tests versus histology, assessed with time-dependent AUC
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Cumulative
sensitivity

Dynamic
specificity

66-7% (57-75)
333% (23-43)
70-6% (62-79
29:4% (19-40
82-6% (77-88)
41-3% (32-51)
78:9% (72-84)
31.6% (22-43)

72:0% (70-75)
90-5% (89-93)
66-0% (64-69)

Histology, F3-4 (vs FO-2) (
(
(
92:0% (90-93)
(
(
(

Histology, F4 (vs FO-3)
LSM-VCTE, =100 kPa (vs <10kPa)
LSM-VCTE, >20-0 kPa (vs <20kPa)
FIB-4, =130 (vs <13)

FIB-4, >2-67 (vs <2:67)

NFS, 2-1-455 (vs <-1-455)

NFS, >0-676 (vs <0-676)

)
)
54-5% (52-58)
87-7% (86-90)
46-5% (44-51)

84-6% (82-87)
Estimates are shown with 95% Cls. LSM-VCTE=liver stiffness measurement by

vibration-controlled transient elastography. FIB-4=fibrosis-4 index. NFS=non-
alcoholic fatty liver disease fibrosis score.

Table 3: Prognostic performance of published non-invasive test cutoffs
and histology for the development of the primary outcome at 5 years

Cardiovascular events occurred in 78 (3-1%) of
2518 participants. Log-rank tests comparing event-free
survival based on histology and NFS suggested significant
differences between patient subgroups stratified using
literature cutoffs (p=0-03 for histology; p=0-01 for NFS;
appendix p 10). tAUCs were similar across histology and
non-invasive tests and had poor predictive performance
in the short and medium term. Predictive performance
was higher in the long term, with NFS reaching tAUCs
greater than 0-70 (appendix p 11). The non-invasive tests
were also prognostic in Cox proportional-hazards
regression after adjusting for confounders (p=0-01 when
comparing log-likelihoods of Cox models with and
without histology or non-invasive tests; appendix p 20).

Non-primary liver cancer occurred in 49 (1-9%) of
2518 participants. Log-rank tests comparing event-free
survival based on histology and LSM-VCTE suggested
significant differences between patient subgroups
stratified using literature cutoffs (p<0-0001 for histology;
p<0-0001 for LSM-VCTE; appendix p 12). Histologically
assessed fibrosis did not appear prognostic for non-
primary liver cancer, in contrast with some non-invasive
tests, at a time horizon of 10 years with a tAUC of 0-44
(95% CI 0-24-0-63) for histologically assessed fibrosis,
0-64 (0-46—0-81) for LSM-VCTE, 0-67 (0-55-0-82) for
FIB-4, and 0-65 (0-43-0-91) for NFS (appendix p 13).
None of the non-invasive tests were significant predictors
of non-primary liver cancer in confounder-adjusted
Cox proportional-hazards regression (p>0-05 when
comparing log-likelihoods of Cox models with and
without histology or non-invasive tests; appendix p 21).

Discussion

This study compared the prognostic performance of well
known non-invasive tests (LSM-VCTE, FIB-4, and NES)
to that of histologically determined fibrosis stage in
patients with NAFLD. Our main findings were that
non-invasive  tests provided wuseful prognostic
information, as shown by the event-free survival based

Adjusted HR
(95% Cl)

Participants who
reached the
primary endpoint

Histologically assessed fibrosis stage

FO Reference 8/441 (1-8%)
F1 1.83 (0-75-4-47) 17/745 (2:3%)
F2 2:05(079-527)  14/511(2:7%)
F3 3-91(1-64-9:34) 35/511 (6-8%)
F4 17-34(7:57-39:70)  71/310(22-9%)
LSM-VCTE stratified by literature cutoffs

LSM-VCTE <10 kPa Reference 34/1526 (2-2%)
10 kPa <LSM <20 kPa 312 (1-94-5-02) 51/718 (7-1%)
LSM-VCTE =20 kPa 1065 (6:53-17-35)  60/274 (21-9%)
FIB-4 stratified by literature cutoffs

FIB-4 <1-30 Reference 15/1116 (1-3%)
13 <FIB-4 <2-67 429 (230-8:00)  43/798 (5-4%)
FIB-4 >2-67 1876 (10-17-34-60)  75/361 (20-8%)
NFS stratified by literature cutoffs

NFS <-1-455 Reference 14/834 (1-7%)
-1-455 <NFS <0-676 3-83(1-97-7-42) 38/775 (4-9%)
NFS >0-676 1851(9-38-36:50)  58/431 (13-5%)

Histology and LSM-VCTE were adjusted for age, sex, BMI, and presence of type 2
diabetes; FIB-4 was adjusted for sex, BMI, and presence of type 2 diabetes;

NFS was adjusted for sex only. All analysed were stratified by study type.
HR=hazard ratio. BMI=body-mass index. LSM-VCTE=liver stiffness measurement
by vibration-controlled transient elastography. FIB-4=fibrosis-4 index.
NFS=non-alcoholic fatty liver disease fibrosis score.

Table 4: Multivariable Cox regression stratified by study and adjusted
for confounders

on previously defined cutoffs. There were no significant
differences between non-invasive tests and histological
fibrosis staging in terms of performance for predicting
future clinical adverse events on tROC analysis. Similar
to histology, non-invasive tests were significant predictors
of clinical outcomes after adjusting for confounders.
When considering the effects of treatment in patients
with NASH cirrhosis, the regulators recommend a
composite endpoint that includes ascites, variceal
haemorrhage, hepatic encephalopathy, progression to a
MELD score of 15 or higher, liver transplantation, and
mortality from any cause.” In our study, as well as in the
recent study by Sanyal and colleagues, the outcomes
reflected this regulatory endpoint with the addition of
hepatocellular carcinoma as part of the composite
outcome. Although development of hepatocellular
carcinoma might not be an important consideration in
the context of clinical trials, we believe that its inclusion
in prognostic studies is necessary. There is now an
increasing number of studies showing that non-invasive
tests have good prognostic performance in patients with
NAFLD."**® However, the results of these studies are not
directly comparable with our study or with each other, as
each evaluated a slightly different endpoint, some of
which include development of varices” or jaundice” and
exclude progression to a MELD score of 15 or higher, or
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all-cause mortality. Although each of these composite
endpoints has its own merits, harmonisation of future
studies to the regulatory endpoint plus hepatocellular
carcinoma would help with the interpretation of the
literature. A MELD score of 15 or higher signifies the
point at which the risk of mortality related to liver
transplantation is lower than the mortality risk of not
having a transplant and therefore indicates the presence
of advanced liver disease. NAFLD is usually associated
with diabetes and cardiac comorbidities, and this makes
all-cause mortality very relevant in these patients.

Despite the growing evidence for the good prognostic
performance of LSM-VCTE in patients with NAFLD,
comparisons with the prognostic performance of liver
histology are fairly scarce. We are only aware of one recent
study of 594 participants, in which baseline histology and
LSM-VCTE had similar performance, and both were
superior to FIB-4.” Our results would suggest that FIB-4,
LSM-VCTE, and histologically assessed fibrosis perform
equally well, perhaps due to greater patient numbers and
a longer follow-up period than the aforementioned study.
An earlier study in patients with chronic hepatitis C also
reported similar results, with AUCs of 0-76 (95% CI
0-64-0-84) for histology, 0-82 (0-68-0-90) for LSM-VCTE,
and 0-75 (0-63-0-83) for FIB-4 after 5 years of follow-up.”

The prognostic performance of categorical histology
scores is well established,*** and these data form the
basis of the use of liver histology in clinical practice and
as a surrogate marker in trials. A plethora of experience
also exists with non-invasive test cutoffs derived from the
association of non-invasive tests with histology with
some of these entering clinical guidelines.” For the first
time, in our study, we show that the prognostic
performance of previously described non-invasive test
cutoffs (eg, LSM-VCTE =20 kPa) and histologically
diagnosed cirrhosis is very similar (table 3). As the tROC
curves are similar for all index tests, additional non-
invasive test cutoffs with corresponding performance to
fibrosis classes can be identified.

Our analysis for cardiovascular events was notable for
the poor performance of non-invasive tests except for the
prediction of long-term events with NFS. This is most
probably because this composite score captures
information about age, obesity, and diabetes, which are
themselves risk factors for cardiovascular outcomes.

Prognostic biomarkers have been examined in other
fields of medicine, particularly in oncology. To put our
study in the context of the wider prognostic literature, we
have identified some studies that report tAUCs at similar
timepoints as our study. In a study of 203 patients with
subjective cognitive decline at baseline, 23 progressed to
mild cognitive impairment or Alzheimer’s disease during
a 6-year period. Models using baseline measurements of
amyloid f in serum achieved a tAUC of 0-86 (95% CI
0-77-0-86) to 0-91 (0-84-0-97) at 3 years and
0-89 (0-80-0-98) to 0-91 (0-83-1-00) at 5 years for the
prognosis of progression to mild cognitive impairment

or Alzheimer’s disease. In hepatocellular carcinoma,
pyroptosis-related genes in the tumour could predict
3-year survival with a tAUC of 0-68,* whereas a gene
signature in patients with chronic hepatitis B and
hepatocellular carcinoma achieved a tAUC of 0-78 at
3 years and 0-74 at 5 years.”

The main strength of our study was that it allowed the
direct comparison of non-invasive tests to histology in
the same participants over a long follow-up period
(median follow-up duration was 57 months [IQR 33-91]).
Furthermore, by virtue of our inclusion criteria, there
was no risk of bias in the index test and flow and timing
domains of the QUAPAS assessment, as we only
included cases with both LSM-VCTE and histology
within 6 months and the necessary minimum follow-up
period of 12 months was defined a priori. In the absence
of approved pharmacotherapies for NAFLD, treatment
between baseline and follow-up is unlikely to have been a
confounder, although we do not have data on whether
lifestyle interventions led to weight loss, which might
have been achieved in some patients.

However, there is potential bias from the way the follow-
up data were collected as, in most cases, this was done
through case note reviews and not through systematic,
periodic clinical evaluation in the context of prospective
cohort studies. This approach could explain the difference
in the overall incidence of outcomes in our study
(5-8% over 4-8 years) compared with the prospective
study by Sanyal and colleagues (8-8% over 4 years).* This
difference is mainly explained by the incidence of
progression to a MELD score of 15 or higher (3-6% vs 1%
[21 of 2518] in our analysis; appendix p 15), indicating that
this outcome might have been under-reported in our
analysis due to the method of outcome data collection in
the primary studies. The difference in outcomes might
also be due to other discrepancies in the patient
population, such as sex (66% were female in the study by
Sanyal and colleagues vs 45% in our study) or obesity
(median BMI was 33 kg/m2 in Sanyal and colleagues vs
29 kg/m?2 in our study). One other possible source of bias
in our study is the absence of information on failed index
tests, as we do not have data on the cases that were
excluded from the primary datasets due to inadequate
biopsy size and failed or unreliable LSM-VCTE
examinations. The true performance of LSM-VCTE and
histologically assessed fibrosis in clinical practice might
therefore be over-estimated by our analysis. The
performance of FIB-4 and NFS can be assumed to be
correct, as these index tests are based on blood tests and
clinical data that are more universally available.

Most of our data came from Europe and Asia with very
few cases from Australia and North America, limiting
the geographical generalisability of our findings.
Additionally, biopsies were not centrally read by virtue of
our study protocol. Finally, the changing practice and use
of non-invasive test screening strategies in the
community or before selecting patients for biopsy could
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not be accounted for in this retrospective study with data
collected over more than 10 years.

Despite the limitations of our study, we believe that it
represents a major advance in the field as the first study to
show, in a large patient group, that non-invasive tests
provide similar prognostic information to histologically
assessed liver fibrosis. This finding could have implications
in clinical practice as it will allow clinicians to assess the
risk of clinical outcomes without the need for liver biopsy.
Furthermore, our results could have implications for the
conduct of clinical trials, in which patients might be
chosen for inclusion on the basis of non-invasive test
classification, and efficacy of treatment might be assessed
using non-invasive test surrogate endpoints.

Liver biopsy has been fundamental to our under-
standing of liver disease since its development in the
1940s and 1950s,” and underpinned the emergence of
hepatology as a medical specialty. However, the invasive
nature of this technique and its other limitations have
driven advances that have made biopsy redundant in
many contexts. For example, the advent of direct-acting
antivirals for hepatitis C means that biopsy is no longer
needed Dbefore treatment® and improvement in
immunoserology” means that liver biopsy is not needed
in the diagnosis of primary biliary cholangitis. NAFLD
remains one of the last areas of hepatology for which liver
biopsy is used for disease-staging purposes. We hope that
our data provide the first validation step towards the use
of non-invasive tests instead of histology by clinicians and
regulators for the ultimate benefit of patients.
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