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Abstract
Background & Aims: Fibrosis is the strongest predictor for long-term clinical outcomes among patients with non-alcoholic fatty liver disease (NAFLD). There is
growing interest in employing non-invasive methods for risk stratification based on
prognosis. FIB-4, NFS and APRI are models commonly used for detecting fibrosis
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sistently good prognostication of liver-related events (AUC from 0.69 to 0.92). For
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1 | I NTRO D U C TI O N
Key Points
In the next 20 years, non-alcoholic fatty liver disease (NAFLD) is projected to become the leading cause of liver transplantation.1,2 The
global prevalence of NAFLD is approximately 25%, among which a
proportion may progress to develop non-alcoholic steatohepatitis
(NASH).3 The prevalence of NAFLD-related cirrhosis as the underlying disease among patients undergoing liver transplantation for
hepatocellular carcinoma (HCC) has markedly increased in Europe
and the United States.4,5 Patients with NASH have a higher risk of
progression to liver fibrosis,6,7 and those with advanced fibrosis or
cirrhosis trend towards more complications of liver failure and HCC
compared to those without fibrosis.8
Liver fibrosis is considered the strongest predictor for longterm clinical outcomes in NAFLD patients.9 Accurate assessment
of NASH or fibrosis stage is resource intensive and error-prone,
as a liver biopsy is currently required to confirm the diagnosis.10,11

• FIB-4, NFS and APRI showed consistently good ability
to prognosis future occurrence of liver-related events
among adults with NAFLD.
• FIB-4 and NFS outperformed APRI in prognosticating
mortality.
• In clinical practice, FIB-4 and NFS can be used serially to monitor disease progression and improve risk
stratification.
• Direct comparisons showed promising ability of noninvasive markers to risk stratify patients with some
studies concluding comparable performance to a liver
biopsy.
• All three markers had inconsistent accuracy for predicting change in fibrosis stage.

Moreover, biopsies carry risks for the patient such as severe complications and pain, leaving many unwilling to undergo this invasive procedure.
There is growing promise in risk stratification using non-invasive

NFS and APRI in prognosis of fibrosis progression, and liver-related
events including mortality.

markers of NAFLD for identifying patients more likely to develop severe liver events. Using markers that are more reliable than a biopsy
would circumvent the limitations of a biopsy in stratifying patients.

2 | M E TH O DS

Optimally performing prognostic markers can eventually replace a biopsy and aid clinical decision-making, as well as facilitate recruitment

This systematic review was conducted as part of the evidence synthe-

of patients more likely to benefit from participation in clinical trials.

sis efforts of the LITMUS project (Liver Investigation: Testing Marker

Simple non-invasive panels such as the NAFLD Fibrosis Score

Utility in Steatohepatitis), funded by the European Union's IMI2 pro-

(NFS) and Fibrosis-4 (FIB-4) are recommended by the EASL-EASD-

gram. LITMUS aims to evaluate biomarkers for drug development in

EASO Clinical Practice Guidelines as part of the diagnostic regimen

NAFLD. The protocol of the complete systematic review is available in

for ruling out advanced fibrosis.12 The guidelines further recommend

PROSPERO (registration number: CRD42019136118). This study re-

the use of NFS and FIB-4 as prognostic markers to rule out progres-

port was prepared using the PRISMA-DTA statement (Table S1).

sion to severe disease, including liver-related and all-cause mortality.
Other multimarker models such as the aspartate aminotransferase
(AST)/platelet ratio index (APRI) are also used for fibrosis staging

2.1 | Search strategy

and prediction of liver-related events.13 Reviewing the literature, we
found other markers such as Enhanced Liver Fibrosis (ELF) test or

A sensitive search strategy, containing words in the title/abstract or

FibroScan had limited assessment for their prognostic ability.

text words across the record and the medical subject heading (MeSH),

Despite established diagnostic performance, there is limited un-

was developed in close collaboration with an experienced informa-

derstanding of the relative merits of the prognostic ability of non-in-

tion specialist (RS). The full search strategy is available in Table S2.

vasive NAFLD markers, and their comparability to a liver biopsy.

MEDLINE (via OVID) and EMBASE (via OVID) were searched to

While many studies have assessed diagnostic performance of these

retrieve potentially eligible studies from inception to June 2019. A

markers in reference to a biopsy, more convincing evidence would

search update was conducted in June 2020. Additionally, we manu-

link these markers to future clinical events. In this context, we aimed

ally screened reference lists and contacted partners within the

to conduct a systematic review of studies on the accuracy of FIB-4,

LITMUS consortium.
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2.2 | Study selection
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The Quality Assessment of Prognostic Accuracy Studies
(QUAPAS) tool was used to assess the methodological quality and

Search results of the two databases were merged and deduplicated

risk of bias in the included studies.16 In short, QUAPAS is a modifi-

using Endnote. Title and abstracts were screened by two independ-

cation of the existing Quality Assessment of Diagnostic Accuracy

ent reviewers (JL and YV), using Rayyan QCRI (http://rayyan.qcri.

Studies (QUADAS-2) tool,17 revised to account for items unique to

org). Full texts of potentially eligible studies were retrieved for eval-

prognostic accuracy study designs. QUAPAS follows the same do-

uation against a pre-specified inclusion criterion by the same two

main-based framework as QUADAS-2. Two independent reviewers

reviewers. Any discrepancies were resolved by discussion.

(JL and YV) evaluated risk of bias and concerns for applicability using
the five domains (participant recruitment, index test, target event,

2.3 | Inclusion and exclusion criteria
We searched for studies published in peer-reviewed journals that
had assessed the prognostic accuracy of at least one of the biomark-

study flow, analysis), assigning each study with a judgement of ‘low’,
‘high’, or ‘unclear’ risk. See Table S3 for the QUAPAS tool.

2.5 | Statistical Analysis

ers of interest (FIB-4, NFS, APRI) in predicting future liver-related
events, or changes in fibrosis stage at future biopsies. Publications in

Given the anticipated heterogeneity between studies, a meta-analy-

any language were eligible for inclusion.

sis was not considered.

Studies that included adults (≥18 years) diagnosed (based on liver
histology) or clinically suspected with NAFLD, and data on either
FIB-4, NFS, or APRI were eligible. Studies in a mixed cohort of conditions (eg NAFLD and viral hepatitis patients) were only included if
outcomes were separately reported for NAFLD patients.

3 | R E S U LT S
3.1 | Search results

The target events of interest were the following:
Following deduplication, 4510 studies were eligible for title and
• worsening (or improvement) of fibrosis stage, evaluated prefer14

ably by using the NASH CRN score

abstract screening, of which 126 full texts were screened. We ex-

and the EPoS staging sys-

cluded 114 studies in this phase, following the inclusion and ex-

tem15 for all stages of fibrosis or any dichotomized fibrosis status

clusion criteria. Two studies that were identified during the search

(eg F0-F2 vs F3-F4);

update, despite having prognostic accuracy data, did not present

• other liver-related outcomes of interest, including model of end

enough data for inclusion.18,19 Finally, a total of 13 studies, published

stage liver disease (MELD) score ≥15; liver transplant; HCC; large

between 2013 and 2019, were included in the present systematic

oesophageal/gastric varices; ascites; increase in hepatic venous

review (Figure 1).

pressure gradient (HVPG) >10 mm Hg; histological progression to
cirrhosis; hospitalization (as defined by a stay of ≥24 hours) for
onset of: variceal bleed, hepatic encephalopathy, spontaneous

3.2 | Characteristics of included studies

bacterial peritonitis;
• mortality (liver-related or all-cause).

The majority of studies (12/13) were comparative accuracy studies,
in which two or more biomarkers were evaluated within the same

Studies that reported the area under the ROC curve (AUC) or

cohort for a given target event. Twelve studies were identified for

Harrell's C index for expressing the prognostic performance in pre-

FIB-4, 11 for NFS and 10 for APRI. The study group consisted of

dicting changes in fibrosis stage, liver-related events of interest or

NASH patients in three studies, 20-22 NAFLD-cirrhotic patients in one

mortality were included. Studies reporting only measures of asso-

study, 23 and all others were NAFLD patients. All studies were con-

ciation, such as a relative risk, hazard ratio, odds ratio or standard

ducted in a secondary or tertiary care setting. At baseline, the preva-

deviation of change, without a direct measure of classification, were

lence of diabetic patients ranged from 9% to 78% and hypertension

excluded.

from 11% to 55%. Mean body mass index (BMI) spanned from 28 to
35 kg/m2. Characteristics of the included studies are summarized in

2.4 | Data extraction and quality assessment
The following data were extracted from each included study: study

Table 1.

3.3 | Quality assessment

characteristics, clinical characteristics, index test features, target
event features (if applicable) and overall performance of the test in

The overall risk of bias and applicability concerns are summarized

terms of AUC or C index. Data were independently extracted and

in Figure 2. In short, one study had unclear risk of bias in the par-

cross-checked by a second reviewer (JL and YV).

ticipant recruitment domain because of sparsely reported enrolment
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FIGURE 1
studies

Flow diagram of included

or exclusion criteria.13 Four studies had high applicability concerns

to all study participants at the start of the observation period) of

for including only NASH patients20-22 or cirrhotic-NAFLD patients. 23

fibrosis spanned from 16% to 43%, with a mean follow-up period of

Under the index test domain, four studies were graded as unclear risk

1-6.6 years.

of bias as use of a pre-specified threshold was not reported20,22-24

For FIB-4, the prognostic accuracy for fibrosis progression in-

and four studies had high applicability concerns for variability in the

cluding progression to advanced fibrosis ranged from an AUC of

APRI formula (upper limit of normal for AST heterogeneous).13,24-26

0.65 (0.54-0.76) to 0.81 (0.73-0.89). The AUC for NFS ranged from

Only one study had high risk of bias in the target event domain as

0.65 (0.56-0.73) to 0.83 (0.74-0.92), and for APRI from 0.65 (0.53-

the outcome for the study was determined by interviews. 24 Eleven

0.73) to 0.72 (0.65-0.80).

studies had unclear risk of bias in the study flow domain as informa-

Few studies reported details regarding threshold values

tion on the target event was not available for all participants, and

and corresponding sensitivity and specificity. One study used a

the relationship between loss to follow-up and the index tests was

threshold of 0.2 for all three markers. 20 For NFS, suggested high

not explored. Lastly, four studies were graded at high risk of bias

and low thresholds of 0.676 (Se: 0.28, Sp: 0.9) and −1.455 (Se: 0.91,

for failing to apply methods to account for censoring and competing

Sp: 0.46), respectively, were used in one study. 29 One study also

13,20,22,27

events.

Only one study had low risk of bias in the analysis

reported sensitivity and specificity data, but with no reporting of

domain. 23

threshold.13

3.4 | Prognosis of change in fibrosis stage

3.5 | Prognosis of liver-related events

Table 2 shows the AUC or C-index for the studies included in this

Six studies evaluated liver-related events among NAFLD pa-

systematic review. Change in fibrosis stage (fibrosis progression

tients.21,23,25,30-32 Liver-related events were defined as a combination

or regression) was evaluated as the event of interest in three stud-

of clinical outcomes, consisting of but not limited to ascites, esophageal

ies.13,20,22 All three studies assessed the ability of FIB-4, NFS and

varices, encephalopathy, variceal bleeding, decompensated liver dis-

APRI for prognosis of fibrosis progression, defined as an increase of

ease, HCC and liver transplantation. Each study assessed a different

at least one point in fibrosis score. Two studies looked at progression

cluster of events (see Table 2 for details). Two studies included more

into advanced fibrosis (F ≥ 3),13,28 and another at fibrosis regression

severe clinical outcomes such as liver failure or death.21,30 One study

(decrease of at least one point in fibrosis score).

22

The cumulative in-

cidence (number of study participants with the target event relative

evaluated solely HCC.23 The mean follow-up was 1.9-19.9 years, with
cumulative incidence ranging from 6% to 56%.

1221

Ioannou (2019) 23b

2

Hagstrom (2019)30
Sweden

Sweden

NR

USA

Israel

NR

Cuba

France

UK

Canada

China

USA

USA, Australia, UK, Iceland,
Thailand, Italy

Country(s)

646

144

292

7068

153

191

261

360

108

148

180

302

309

N

NAFLD-cirrhotic patients.

Non-alcoholic steatohepatitis patients.

b

a

Abbreviations: DM, diabetes mellitus; HTN: hypertension; NR, not reported.

1

Onnerhag (2019)31

Siddiqui (2019)

NR

1

Peleg (2018) 32

13

8

Chalasani (2018) 20a

1

1

Boursier (2016)26

Vilar-Gomez (2017)

1

McPherson (2015)28

22a

1

1

NR

7

Sebastiani (2015) 21a

Xun (2014)

24

Treeprasertsuk (2013) 27

25

No. of
centres

Characteristics of the included studies

Angulo (2013)

Author

TA B L E 1

244 (38)

61 (42.4)

186 (64)

318 (4.5)

85 (56)

NR

159 (61)

124 (34)

48 (44)

55 (30)

84 (47)

169 (56)

182 (57)

Females, n
(%)

50 (38-58)

53.2 ± 13.4

48.9 ± 11.7

67.1 ± 9.7

49.5

NR

48.5 ± 9.6

59.3 ± 14.3

48 ± 12

49.5 ± 10.5

39 (30-49)

47 ± 13

52 (43-61)

Mean Age,
±SD

28.0 (25.7-30.8)

28.0 ± 4.6

34.7 ± 6.3

33.0 ± 6.6

NR

NR

31.3 ± 5.3

NR

33.9 ± 5.0

31.3 ± 5.4

26.0 ± 3.1

33.6 ± 6.2

33 (29.4-36)

Mean BMI (kg/
m2), ±SD

73 (49-106)

79.1 ± 64.5

75.8 ± 50.5

NR

NR

NR

52.4 ± 34.5

50 ± 45

112 ± 80

NR

129 ± 103

61.5 ± 43.3

61 (38-85)

Mean ALT
(IU/L), ±SD

40 (31-59)

51.9 ± 41.8

53.9 ± 36.8

NR

NR

NR

35.2 ± 20.7

40 ± 33

73 ± 48

NR

83.7 ± 98.2

41.4 ± 21.9

50 (37-78)

Mean AST
(IU/L), ±SD

93 (14)

32 (22)

113 (39)

5506 (78)

97 (63)

NR

90 (35)

NR

52 (48)

49 (33)

17 (9)

48 (16)

116 (36)

DM

196 (30)

66 (46)

160 (55)

NR

64 (41)

NR

NR

NR

NR

58 (39)

20 (11)

124 (41)

152 (48)

HTN

Comorbidities, n (%)
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FIGURE 2
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Graphical summary of the risk of bias and applicability concerns of the included studies using the QUAPAS tool

The AUC for prognosis of liver-related events ranged from 0.71 to

study found that at the high threshold, FIB-4, NFS and APRI showed

0.89 for FIB-4, 0.72-0.92 for NFS, and 0.69-0.89 (0.82-0.96) for APRI

sensitivity and specificity of 0.70 and 0.72, 0.69 and 0.76, and 0.55

(Table 2). In the two studies that conducted statistical testing, both

and 0.89 respectively.32

showed significant differences (P < .005) between the three markers

and the null hypothesis (AUC of 0.5).25,31 In one study that compared

non-invasive methods to a liver biopsy, FIB-4 and APRI had higher AUC

4 | D I S CU S S I O N

than histological fibrosis.21 Length of follow-up period did not seem to
influence the performance of any biomarker in a consistent pattern.

Non-invasive markers with comparable ability to prognosticate se-

In prognosticating liver-related events, most studies reported

vere liver-related outcomes may be valuable tools for stratifying pa-

using either one or both the suggested high and low thresholds for

tients with higher risk of complication, in place of a liver biopsy. In

NFS (low: −1.45, high: 0.676) and APRI (low: 0.5, high: 1.5). For FIB-

this systematic review, we aimed to summarize the evidence on the

4, two studies used a single threshold of 3.25 (one study finding a

prognostic performance of three multimarker models in identifying

sensitivity and specificity of 0.59 and 0.92, respectively), 21,23 while

those at risk of developing worsening of NAFLD-related outcomes.

the rest adhered to the suggested low threshold of 1.3 and/or high

We found that FIB-4, NFS and APRI have limited performance in pre-

threshold of 2.67. In the sole study that reported paired point accu-

dicting changes in fibrosis, as evaluated by future biopsies, but con-

racy data, the high threshold showed a sensitivity and specificity of

sistently demonstrated the ability to predict liver-related morbidity

0.50 and 0.90 for NFS, and 0.50 and 0.92, for APRI respectively. 21

and mortality, with a level of performance that met or exceeded that
of a liver biopsy.

3.6 | Prognosis of mortality (liver-related and allcause)

4.1 | Strengths and limitations

All-cause mortality was the most frequently investigated event,

While many studies have synthesized data on the diagnostic ac-

24-27,30-32

One study additionally looked

curacy of non-invasive NAFLD markers, to our knowledge, this is

at liver-related mortality. 26 The cumulative incidence was between

the first systematic review conducted on the prognostic context of

5% and 59%; mean follow-up and ranged from 1.9 to 19.9 years.

use. In collaboration with a search specialist, we developed a highly

evaluated in seven studies.

The prognostic accuracy of FIB-4, expressed as the AUC, ranged

sensitive search strategy, including abstracts, to minimize bias that

from 0.67 (0.58-0.76) to 0.82 (0.75-0.90) (Table 2). The AUC re-

may arise from selective inclusion. For robust evaluation of bias in

ported for NFS ranged from 0.70 (0.62-0.78) to 0.83 (0.73-0.93).

individual studies, we used a new risk of bias tool developed specifi-

The accuracy of APRI was lower compared to FIB-4 and NFS in all

cally for systematic reviews of prognostic accuracy.16 All screening

seven studies, with AUC ranging from 0.52 to 0.73 (0.60-0.86). Four

phases, data extraction and quality assessment were independently

of four studies showed significant results (P < .05).

24-26,31

Here also,

length of follow-up did not seem to influence the performance of
any biomarker.

conducted by two experienced methodologists.
Our work comes with limitations, some inherent to the nature
of prognostic research. Several studies had a relatively short fol-

Of the studies that reported the threshold values used for prog-

low-up period. This can be problematic for assessing outcomes of

nosticating mortality, all used either or both the suggested high and

a chronic condition such as NAFLD, where patients have a median

low thresholds for FIB-4 and APRI. For NFS, thresholds of −0.9 and

survival period of >10 years. 33,34 The results should be interpreted

−1.836 were also studied in addition to the suggested thresholds.

with caution, given the limited and heterogeneous follow-up pe-

We again found sparse reporting of sensitivity and specificity. One

riods, which ranged from one to 20 years. The variability in study

|
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TA B L E 2 Accuracy of biomarkers FIB-4, NFS and APRI in prognosticating change in fibrosis stage, liver-related events and mortality
among NAFLD patients
AUC/C-index
Author

Target event

No. of
cases (%)a

Time horizon
(years)
FIB-4

NFS

APRI

45 (17)

1

0.65 (0.54-0.76)

0.69 (0.58-0.79)

0.65 (0.53-0.73)

NA

1.4

0.68 (0.60-0.76)

0.65 (0.56-0.73)

0.72 (0.65-0.80)

92 (32)

2.6

0.73 (0.67-0.79)

0.66 (0.59-0.73)

0.70 (0.63-0.77)

Fibrosis
Vilar-Gomez (2017)

Fibrosis progressiona
a

Chalasani (2018)

Fibrosis progression

Siddiqui (2019)

Fibrosis progressiona

*

0.72 (0.62-0.82)*

McPherson (2015)

Progression to fibrosis stage ≥ 3 46 (43)

6.6

NA

0.83 (0.74-0.92)

Siddiqui (2019)

Progression to fibrosis stage ≥ 3 35 (16)

2.6

0.81 (0.73-0.89)

0.80 (0.71-0.88)

0.82 (0.74-0.89)

1

0.57 (0.51-0.68)

0.63 (0.58-0.75)

0.59 (0.52-0.70)

Vilar-Gomez (2017)

Fibrosis regression

b

51 (20)

Liver-related events
Ioannou (2019)

HCCc

407 (6)

3.7

0.71

NA

NA

Peleg (2018)

Liver-related eventsd

86 (56)

1.9

0.89

0.92

0.73

Angulo (2013)

Liver-related eventse

60 (19)

8.7

0.86 (0.80-0.92)*

0.81 (0.76-0.87)*

0.80 (0.73-0.86)*

*

*

0.82 (0.72-0.92)*

Onnerhag (2019)

Liver-related events

f

20 (14)

17.7

0.81 (0.69-0.93)

Hagstrom (2019)

Severe liver diseaseg

76 (12)

19.9

0.72

0.72

0.69

Sebastiani (2015)

Clinical outcomesh

25 (17)

5

0.79 (0.69-0.91)

0.89 (0.83-0.95)

0.89 (0.82-0.96)

Liver-related mortality

17 (5)

6.4

0.78 (0.66-0.88)*

NA

0.69 (0.49-0.84)*

0.77 (0.64-0.89)

Mortality
Boursier (2016)
Peleg (2018)

All-cause mortality

19 (12)

1.9

0.78

0.80

0.63

Boursier (2016)

All-cause mortality

83 (23)

6.4

0.70 (0.64-0.75)

NA

0.54 (0.46-0.61)

Xun (2014)

All-cause mortality

12 (7)

6.6

0.81 (0.70-0.91)**

0.83 (0.73-0.93)**

0.73 (0.60-0.86)**

Angulo (2013)

All-cause mortalityi

41 (13)

8.7

0.67 (0.58-0.76)**

0.70 (0.62-0.78)*

0.63 (0.53-0.72)**

Treeprasertsuk (2013)

All-cause mortality

39 (13)

11.9

NA

0.70

NA

Onnerhag (2019)

All-cause mortality

85 (59)

17.7

0.82 (0.75-0.90)*

0.82 (0.74-0.90)*

0.59 (0.50-0.68)

Hagstrom (2019)

All-cause mortality

214 (33)

19.9

0.72

0.72

0.52

Note: Cumulative incidence: number of new cases/number of persons at start of the observation period.
a

Increase of at least 1 point in fibrosis score.

b
c

Decrease of at least 1 point in fibrosis score.

Hepatocellular carcinoma, defined as ICD-9 code 155.0 and ICD-10 code C22.0.

d

Ascites, esophageal varices, hepatic encephalopathy, liver transplantation, TIPS or hospitalizations.

e

Ascites, gastroesophageal varices/bleeding, portosystemic encephalopathy, spontaneous bacterial peritonitis, hepatocellular cancer,
hepatopulmonary syndrome, or hepatorenal syndrome.
f

Ascites, encephalopathy, variceal bleeding, or hepatocellular carcinoma.

g

Cirrhosis, decompensated liver disease, liver failure, or hepatocellular carcinoma.

h

Death, liver transplantation and end-stage hepatic complications defined as hepatocellular carcinoma, ascites, spontaneous bacterial peritonitis,
hepatic encephalopathy, de novo varices or significant worsening of varices.
i

Including liver transplant.

*P < .001.
**P < .05.

designs prohibited meta-analysis to produce summary estimates
of performance.

Furthermore, we observed that very few studies reported data on
both threshold values and corresponding sensitivity and specificity,

In the scheme of disease management, risk stratification may be

which are more informative and clinically relevant than the AUC alone.

most beneficial in a primary care setting, in which the purpose is to

Sparse reporting may be attributed to the relatively new and therefore

identify patients who require expedited referral to tertiary care cen-

less established nature of prognostic accuracy studies in general, in com-

tres. All identified studies evaluated the markers prognostic perfor-

parison to diagnostic accuracy studies. Given the increased volume of

mance in a secondary or tertiary care setting. Thus, data from these

prognostic accuracy research, reporting guidelines and quality assess-

studies cannot necessarily be extrapolated to a primary care setting.

ment tools specific for this area of research should be further developed.
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4.2 | In the context of current evidence

fibrosis, had an AUC of 0.94 (0.91-0.98) in prognostication of liver-related death.19 The same study conducted a post hoc analysis

A 2015 editorial illustrated the prognostic value of histological fea-

comparing FibroTest and FIB-4 and found no significant difference

tures of NAFLD, in the form of a hierarchical model.34 This model

in performance (P = .32). In this study, FIB-4 had an AUC of 0.87

ranked fibrosis as the most important histological lesion associated

(0.74-0.99). Longitudinal assessment of magnetic resonance elas-

with long-term outcomes in NAFLD, and many studies support bi-

tography (MRE) showed prognostic accuracy of 0.62 (0.46-0.78) for

opsy-confirmed fibrosis to be a major prognostic marker for mor-

predicting fibrosis improvement and magnetic resonance imaging

tality.35,36 However, growing literature highlights the limitations of

(MRI-PDFF) had an AUC of 0.70 (0.57-0.83) for predicting steatosis

a liver biopsy,11 particularly for detection of fibrosis.37 Aside from

reduction.42 While some of these markers show promising results,

the risk of complications and invasive nature, sampling variability is

more studies are needed to validate the findings.

a big concern. In a study by Ratziu et al where two biopsy samples
were compared, fibrosis stage was different in 41% of patients.38
This may not be surprising, as only 1/50 000 of a whole liver tissue is sampled during a biopsy.

39

Even for NASH, histological lesions

5 | I M PLI C ATI O N S FO R CU R R E NT
PR AC TI C E

are unevenly distributed throughout the liver tissue. Further problems with pathological diagnosis arise with inter- and intra-observer

In clinical practice, FIB-4 and NFS can be used in regular intervals

variability. Therefore, evaluating test accuracy with an imperfect

to detect disease progression, offering a less invasive, and perhaps

reference standard such as a liver biopsy poses the risk of underesti-

a more accurate alternative to a biopsy. The annual change of NFS

mating NASH and fibrosis severity.

in patients who died was twofold that of survivors and, for fibrosis

While histological fibrosis predicts disease progression, prog-

progression, fourfold higher in progressors than in those who were

nostication of NAFLD-related events using non-invasive markers is

stable. 27 Another study found that FIB-4 and NFS were significantly

an appealing alternative, especially if performance of these mark-

higher among fibrosis progressors compared to non-progressors,

ers approximates or equals that of histology-confirmed fibrosis. In

despite no significant difference in histological grading. 28 Patients

comparing the performance of non-invasive methods to histologi-

who underwent serial measurements of FIB-4 within 5 years and

cal fibrosis (F3-F4) in prognosticating liver-related events, APRI and

had high-risk in both occurrences had significantly increased risk of

FIB-4 had higher AUC compared to a biopsy, and the overall percent

severe liver disease with an adjusted hazard ratio of 17.04 (11.67-

of accurate prognosis was higher for all three multimarker models

24.88), and an accuracy of 98%.43

(models had 84%-86% accuracy compared to 76% with a liver bi-

The costs and time invested into drug development has become

opsy). 21 The AUC found in this study were consistent with others

increasingly exhaustive.44 Given the volume of ongoing clinical tri-

identified in this systematic review.

als for the treatment of NASH and fibrosis, and the understood

This direct comparison illustrated the ability of non-invasive mark-

complexities and required resources, prognostic markers can be an

ers to risk stratify patients with comparable, or even better perfor-

integral measure for expediting clinical trials. A marker linked to a

mance than a liver biopsy. Another study supported this finding for

clinical trial endpoint can improve efficiency for late stage clinical

40

the ELF test.

However, studies evaluating head-to-head compari-

trials by identifying patients more likely to develop the outcome, ul-

sons of non-invasive markers and a liver biopsy are limited, and future

timately reducing the number of participants recruited to a study.45

studies should aim to validate these findings and build a stronger ev-

For clinical trials targeting patients with cirrhosis, long-term events

idence-base for non-invasive tests, particularly for the simple multi-

that characterize clinical decompensation (ascites, encephalopathy,

marker models that contain components readily evaluated in routine

HCC, variceal hemorrhage) are of interest.46 We observed that all

laboratories.

three markers showed consistently good prognostic performance

In addition to FIB-4, NFS and APRI, other NAFLD markers have

for events indicating clinical decompensation.

been studied for their prognostic ability. The ELF test is recognized

In conclusion, this systematic review shows that FIB-4, NFS and

by guidelines as a diagnostic marker for liver fibrosis. For predicting

APRI can risk stratify patients for liver-related morbidity and mortal-

progression to cirrhosis and liver related events, the AUC for ELF was

ity, with comparable performance to a liver biopsy. If confirmed in

0.79 and 0.68, respectively, out-performing histological assessment

future comparative studies with sufficient length of follow-up, the

for both outcomes.40 Vibration-controlled transient elastography

strong prognostic performance of these multimarker models could

(VCTE), a imaging technique validated for liver fibrosis, had an AUC

position them at the cornerstone for risk stratification and risk man-

of 0.73 (0.66-0.78) for all-cause mortality, significantly outperform-

agement among NAFLD patients.

ing APRI (P = .001) but not FIB-4. 26 Liver stiffness measurement, by
transient elastography (FibroScan) had an AUC of 0.86 (0.82-0.95) in
26
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and an AUC of
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0.911 (0.82-0.99) in prognosticating liver-related events.41 Fibroscan
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