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Background

Abstract

Background and Aims: The rising incidence of chronic liver disease (CLD) has increased
the need for early recognition. This systematic review assesses the diagnostic accuracy of
the enhanced liver fibrosis (ELF) test in cases of advanced fibrosis and cirrhosis due to
multiple etiologies in at-risk populations.

Methods: Studies evaluating the ELF accuracy in identifying advanced fibrosis or
cirrhosis, defined as METAVIR stage F > 3 and F' = 4 or equivalent, in patients with
non-alcoholic fatty liver disease (NAFLD), alcohol liver disease (ALD), or viral hepatitis
were included. Liver biopsy was used as the reference standard. Medline and Embase
databases were searched. The QUADAS-2 tool was used as a framework to assess risk
of bias and applicability. The area under the receiver operator curve (AUROC) was
extracted as a summary measure of diagnostic accuracy.

Results: Thirty-six studies were included: 11 hepatitis C, 4 hepatitis B, 9 NAFLD, 2 ALD,
and 10 mixed. The ELF test showed good diagnostic performance in detecting advanced
fibrosis in patients with viral hepatitis (AUROC 0.69 to 0.98) and excellent performance
in NAFLD (AUROC 0.78 to 0.97) and ALD (AUROC from 0.92 to 0.94). There is also
evidence of good diagnostic performance for detecting cirrhosis in patients with viral
hepatitis (AUROC 0.63 to 0.99), good performance in NAFLD (AUROC 0.85 to 0.92),
and excellent performance in patients with ALD (AUROC 0.93 to 0.94).

Conclusion: This systematic review supports the use of the ELF test across a range of CLD
as a possible alternative to liver biopsy in selected cases.

including variceal bleeding, ascites, and hepatocellular carcinoma.
Many patients with CLD present when it is too late to prevent

Target condition. Chronic liver disease (CLD) is a leading
cause of death globally, with liver-related deaths increasing in
England compared with other major killers." The commonest
causes of CLD are alcohol, obesity, and viral hepatitis. CLD can
lead to liver fibrosis characterized by increased synthesis and
altered deposition of extracellular matrix. Fibrosis is usually silent
until cirrhosis leads to complications of portal hypertension
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these complications, and they can only be ameliorated. There is
a need for tests to detect the presence of fibrosis before it causes
irreversible damage, to stratify which patients might benefit from
specialist care, and to target surveillance for complications.”
Liver biopsy is the reference test for assessing liver fibrosis, but
its accuracy is limited by sampling error and inter-observer and
intra-observer variation.™* Additionally, it is invasive and can
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cause harm, making it unsuitable for monitoring changes in
fibrosis. Non-invasive tests (NITs) for liver fibrosis have been
developed including transient elastography (TE) and serum
biomarkers. TE can be performed at the point-of-care, is painless,
and does not require sedation. Test performance can be affected by
feeding,” inflammation, age, and obesity.® The newer XL probe
improved performance in obese patients, but unreliable results
are still observed in 25% of these patients.’

Serum biomarker tests can be more reproducible than TE, and
assay performance can be standardized in a laboratory setting.
They avoid sampling errors and remove the influence of operator
performance. The enhanced liver fibrosis (ELF) test combines
measurement of three serum biomarkers involved in matrix
biology comprising hyaluronic acid (HA), Procollagen III amino
terminal peptide (PIIINP) and tissue inhibitor of metalloproteinase
1 (TIMP-1).® Measurements of these analytes are combined in an
algorithm to generate a unitless score that has been validated as
a measure of liver fibrosis and to be prognostic for complications
of liver disease.” Pre-analytical'® and analytical assay
performance'' combine to deliver excellent test performance
making this one of the best performing serum biomarkers.

Compared with liver biopsy, the ELF test provides a continuous
score rather than a categorical variable and so is more sensitive to
changes. Unlike TE, the same test thresholds can be applied to
staging different CLD etiologies. While some studies suggest that
TE can overestimate fibrosis in the presence of steatosis,'>~'* ELF
performs well in the presence of steatohepatitis.'>'® The impact of
extrahepatic fibrosis has yet to be fully quantified.'”

Related literature. Systematic reviews have investigated the
diagnostic accuracy of a range of tests for diagnosing liver
fibrosis.'"®'? The use of the ELF test and other NITs is
recommended in the European Association for the Study of the
Liver guidelines for risk stratification of patients with CLD,?%*!
the British Society for Gastroenterology®> guidance on
investigation of abnormal liver function, and NICE guidance on
non-alcoholic fatty liver disease (NAFLD).%?

A meta-analysis of the diagnostic accuracy of the ELF test in a
range of CLD etiologies by Xie et al.>* found evidence of good
performance with considerable diagnostic value in predicting
histological fibrosis stage. The summary areas under the receiver
operator curve (AUROC) for detecting severe fibrosis and cirrhosis
with ELF were 0.8696 and 0.8770, respectively. However,
heterogeneity between the studies makes it difficult to make
recommendations. This meta-analysis was published in 2014 and
included only nine studies. There has since been a significant body
of research published on the diagnostic accuracy of the ELF test for
differing degrees of fibrosis in a variety of settings.

More recently, Vali ef al.>> conducted a systematic review of the
use of ELF in NAFLD and presented evidence of good diagnostic
performance in the detection of advanced fibrosis and cirrhosis in
cohorts of patients with NAFLD. However, modeling suggested
that ELF, in common with other NITs, would not perform well
in detecting fibrosis in low prevalence settings.

This systematic review aims to determine the accuracy of the
ELF test for diagnosing advanced liver fibrosis and cirrhosis in a
variety of CLD etiologies, with liver biopsy as the reference
standard.
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Methods

The methods and approach to the systematic review followed the
Preferred Reporting Items for a Systematic Review and
Meta-analysis of Diagnostic Test Accuracy guidance on
conducting systematic reviews of diagnostic test accuracy.?®

Eligibility criteria. The inclusion criteria were as follows:
primary research cross-sectional studies of diagnostic accuracy
that had assessed liver fibrosis in adult participants with CLD
caused by NAFLD, alcohol liver disease (ALD) or hepatitis B
virus (HBV) or hepatitis C virus (HCV); mixed etiology studies
including patients from at least one of the above-mentioned
disease etiologies; studies assessing the diagnostic accuracy of
the ELF test; single or two-gate/case—control designs; studies
published in the English language. Existing systematic reviews,
conference abstracts, and pediatric patients (<18 years) were
excluded.

The ELF test was the index test, while liver biopsy, regardless of
the staging classification, was the reference standard. Studies
where TE was the reference standard were excluded. Liver biopsy
size was used to determine study quality but was not used to
exclude studies.

Search strategy. Scarches were performed in MEDLINE
using Ovid and EMBASE with the following search terms:
Enhanced liver fibrosis OR (ELF AND (liver fibrosis OR cirrhosis
OR hepatic fibrosis OR liver adj3 fibrosis OR fibrosis adj3 liver
OR liver disease OR NAFLD OR NASH OR hepatitis OR chronic
liver OR alcoholic liver)) NOT (epithelial lining fluid OR
extremely-low frequency OR extremely low frequency or
extremely low-frequency OR elf-2 or elf2 or elf-97 or elf97 or
elf-4b or elf4b). The paper proposing the ELF algorithm for the
first time was included despite appearing under a different name.

Electronic searches were supplemented by reviewing the
reference lists of retrieved articles. The last search was conducted
on August 20, 2020.

Data extraction. Scarch results were exported, and
duplicates were removed automatically using EndNote. Three
people (C. S., N. E., and S. C.) independently reviewed each title
and abstract, identifying relevant studies. Where additional
duplicates were identified, the oldest version was kept as the
original. Where there was a discrepancy, these were reviewed by
all researchers to reach a consensus.

Three researchers (C. S., N. E., and S. C.) agreed the
information to be extracted (Table S1). The full text of the
remaining studies was retrieved and reviewed by at least two
researchers (C. S., S. C., and N. E.). Data were extracted for papers
meeting the inclusion criteria independently by the three
researchers and then discussed until consensus was reached.

The different histological staging systems used to assess liver
fibrosis were aligned to create four categories; any fibrosis; at least
moderate fibrosis; at least advanced fibrosis; and cirrhosis
(Table S2). Data for advanced fibrosis or cirrhosis were reported
separately. ELF cut-off values for studies reported using the
original ELF algorithm were converted to current values by adding
10, as previously described.®'627-2°
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Assessment of methodological quality. The
QUADAS-2 tool®® was used to assess study quality and was
adapted for this systematic review. The information for phase 1
and phase 2 of QUADAS-2 was collected in the data extraction
tool and therefore was not duplicated. The questions in the
amended QUADAS-2 tool and explanations of how risk of bias
and concern over applicability were determined are shown in

The sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) for the test were collated at all the
reported thresholds. Where an optimal threshold was identified
this was noted. The AUROC, where reported, was extracted as a
summary measure of diagnostic accuracy capturing performance
in a single value. Results between 0.9—1.0 were considered to be
excellent, 0.8—0.9 as good and anything between 0.6 and 0.8 as

fair/moderate. Where possible, the true positive, false positive, true Table S4.
negative, and false negative values were calculated based on the

sensitivities, specificities, and biopsy results provided in the pa-

pers. Confidence intervals (Cls) for sensitivities and specificities,

where not already provided, were calculated using these contin- Results

gency table data (Table S3), and forest plots were generated for
the diagnosis of advanced fibrosis and for the diagnosis of cirrho-
sis, using the most commonly used ELF threshold, respectively.

Results of the search. After assessing 631 full-text articles,
36 were included (Fig. 1), of which 35 were identified from the

= Records identified through Additional records identified
.g database searching through other sources
.g (n =630) (n=1)
=
£}
c
[
°
Total records Duplicates removed
(n=631) (n=92)
o
=
=
[
e
@ v Records excluded
Records screened (n=177)
(n=539) Further duplicates = 59
Not relevant = 76
Other CLD etiologies = 42
v
- Full-text articles Full-text articles excluded, with
= assessed for eligibility > reasons
2 (n=362) (n = 326)
= Systematic reviews = 7
w Conference abstracts = 137
Review articles = 44
Letter =3
_J Not diagnostic accuracy in
CLD study e.g. prognostic
— utility, monitoring disease
Studies included in progression, suspected CLD,
qualitative synthesis pediatric patients only = 122
(n=36) Advanced fibrosis or cirrhosis
not reported = 7
° . ;
% Liver biopsy not reference
= l standard = 6
©
= Mixed = 10
HCV =11
HBV =4
NAFLD =9
Alcohol =2

Abbreviations: CLD, chronic liver disease; HBV, hepatitis virus B; HCV, hepatitis virus C; NAFLD,
non-alcoholic liver disease

Figure 1  Flow chart for the selection of articles. [Colour figure can be viewed at wileyonlinelibrary.com]
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electronic search and one published before the ELF test was
named was included as the index paper.

Characteristics of included studies

Study design and etiology. Eleven studies recruited patient
with HCV;>' ™' 4 with HBV,”"* 9 with NAFLD,'®*"?%4¢-3!
2 in patients with ALD,”*% and 10 with mixed etiology
CLD.*¥% Two of these studies™® reported results for all
participants collectively, as well as results for separate CLD
etiologies. These results have been included in the etiology
specific results.

Participants. Of  the included  studies, 31 were
prospective,5:16:27:28:31:32.34-4042-44.46-57.60-62 and 5

retrospective, *3-38:41:4:58:59 22 were conducted in
Europe,>16272831-343740434749-55.58.61.62 i USA 456 6 i
Asia, 04244454860 5 41y South America,>>*° 2 in Australia,’ ">’
and 2 were international. ***® Sample sizes ranged from 38 to 3202.

The majority of the patients were male in 29 studies,>'®2"-?%
32734.36.37.40-45.47.49-57.59°62 female in 6, and not reported in 1.
The average age of patients (calculated by median or mean) ranged
from 40 to 66 years.

The mean or median body mass index of participants was
reported for 25 studies. The average body mass index was <25
in 8 studies, 2343940:42:444560 55 99 in 13 studies,> 3"
48-30.52.53.55-59 and >30 in 4 studies (in NAFLD),'¢-2847!1

Reference standard. Half the studies did not state how the liver
biopsy was obtained (7 = 17).5:16:28:34.38-4145-47.56-59.61.62 ¢
biopsy method was percutaneous in 16 studies,' 3333 73742-4448.
3075260 and a mix of percutaneous or transjugular biopsies in
3.273%35 The majority of studies used the METAVIR system for
staging fibrosis (n = 17).3!3374143443L5457760 Gyhor systems
were Ishak,>*®1%? Scheuer,’” Batts and Ludwig,42’45 the Clinical
Research Network scoring system,zg"‘s’53 and the National
Institute of Diabetes and Digestive and Kidney Diseases scoring
system.'® Dyvorne et al.>® used a combination of METAVIR and
Brunt, and Rosenberg et al.® used both Ishak and Scheuer.

The minimum required biopsy length was stated in 22
studies, 32531-34:37.42-4547.50-53.55-38.60.61 Tho remaining 14 stud-
ies reported average biopsy length or gave no information
regarding biopsy standard. Thirteen studies set the minimum
length of biopsies at >15 mm 2%3!:34:42-45.50.51.55-57.61 geyenteen
studies stated the minimum number of portal tracts required for
inclusion,5-2831:33-35.37.39.41,44,52,53.55.56.58.60.61 hich was 6 in
five studies.®%4!-3%36

Index test. In 16 studies,®?73341744:47.51-53,55.57.60-62 o B F

test and liver biopsy were performed on the same day. The time
interval was up to a maximum of 6 months in 10
studies,!62831:34.35.37-3945.63 e than 6 months in 4
studies,>**%°%3% and unknown in 6 studies.>®-40-48-50:54.59

A pre-defined ELF cut-off (manufacturer’s recommendation or
from earlier studies) was used in nine studjes,>*0:41:46:50-53.57.58
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Methodological quality of included studies. Only
one study had a low risk of bias in all domains’'while among
the remaining 35 studies, 32 had low concern regarding
applicability in all domains.®!6-27-28:31:32.34-37.39-54.57-62 e
HBV studies*?** were at low risk of bias except for the index test
domain because they did not use pre-specified ELF test thresholds.
Although only two studies evaluated the diagnostic accuracy of
ELF in ALD, they were of high quality with concerns only in
the “reference standard” domain for the Thiele er al.> study and
in the patient selection domain for the Madsen er al.> study. In
the latter, the flow and timing bias was unclear.

Only nine studies,*3-%40:46307325758 p5ne of which included
HBYV patients, had a low risk of bias in the “index test” domain.
Most studies did not use pre-specified ELF test thresholds,
conferring a higher risk of bias in this domain for 24
studies®16:27:28.3132343537-39.41-4547-49.53-55,61.62 514 oo
risk for three.’®>%%° In the “patient selection” domain, only three
studies were at high risk of bias (two HCV and one mixed)**'~*?
but across all etiologies the level of concern was unclear in
fourteen studies, 33-34:36.38.39.41.47-49.54.56.59.60,62 Fourteen
studies3 12373937 A2ASLIRISE were at low risk in the
“reference standard” domain, five®323%47-52 4t high risk and in
the remaining 17%16:2736:40414648-50.54.56.57.59-62 h rik of bias
was unclear.

The “flow and timing” domain had high risk in six
studies?’ 223463658 and  unclear risk in six  studies
(Table 1),16:36:48:50.53.54

Findings

Hepatitis C virus

Advanced fibrosis. Eleven studies provided data on ELF in the
diagnosis of advanced fibrosis in patients with HCV 8323474158

The AUROCS for detecting advanced fibrosis in HCV patients
ranged from 0.773 (95% CI 0.697—0.848)° to 0.98 (95% CI
0.93-1.00).*'

Parkes et al.*® reported multiple cut-offs for ELF ranging from
9.13 to 10.90. The optimal cut-off was chosen at 10.48, giving a
sensitivity of 62% and specificity of 89%. Rosenberg er al.®
reported cut-offs from 0.063 to 0.564 (using the original ELF
algorithm, corresponding to 10.06 to 10.56), with the optimal
threshold of 0.063 giving a sensitivity of 95% and specificity
of 29%.

The range of cut-offs, including the optimal cut-offs for Parkes
et al*® and Rosenberg et al.,® was from 9.33** to 10.59.>° The
sensitivity of ELF varied from 65%* to 100%.*' The specificity
ranged from 29%° to 99% (Table 2).*!

Cirrhosis. Ten studies provided data on ELF in the diagnosis of
cirthosis in HCV patients.>' 37*%4138 The AUROCS ranged from
0.63 (95% CI 0.43-0.80)** to 0.99 (95% CI 0.93—1.00).*'

The overall range of cut-offs was 8.1°* to 11.27.° Martinez
et al.*” reported two cut-offs of 0.06 and 1.73 (using the original
ELF algorithm, corresponding to 10.06 to 11.73), giving
sensitivities of 90% and 52%, respectively, and specificities of
53% and 90%, respectively.
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Table 1 Quality assessment of all the included papers, displayed in the QUADAS-2 format
Authors, date Sample size Study design  Quality assessment
Domain 1: Domain 2: Domain 3: Domain 4: flow
patient selection index test Reference standard  and timing
Bias Applicability Bias Applicability Bias Applicability Bias
Abdel-Hameed 98 (HCV Retrospective Unclear Low High Low Unclear Low Low
etal, 2020%7 monoinfection)
Catanzaro 162 Prospective High Low High Low Low Low Low
etal, 2013”
Cobbold et al, 2010°® 80 recruited; Prospective  High  Low High  Low High  Low High
67 included
D’Ambrosio 38 Retrospective Unclear High Low Low Low Low High
et al, 2016%° (post-hoc
analysis)
Fernandes 140 recruited, Prospective Low Low High Low Low Low Low
etal, 2015” 120 included
Fujita et al., 2018% 122 Prospective Unclear Low Low Low Unclear Low Unclear
Guechot et al., 2012%° 590 recruited Prospective Unclear Low High Low Low Low Low
512 included
Martinez et al., 2011% 340 Cohort Low  Low High  Low Low  Low Low
Parkes et al,, 2011° 347 total Prospective Unclear Unclear High Low Unclear Low Low
C1:87
C2:173
C3: 87
Ragazzo et al., 2017% 250 recruited, Prospective Unclear Low High Low High Low Low
107 Included
Tanwar et al., 2017°¢ 108 recruited to Part of Low Low Low Low Unclear Low Low
PROFI-C prospective
trial; 80 included RCT
Heo et al., 2018"' 265 Retrospective Low Low High Low Low Low Low
Kim et al., 2012°%8 253 recruited, Prospective Low Low High Low Low Low Low
170 included
Trembling et al., 2014%° 224 recruited, Prospective Low Low High Low Low Low Low
182 included
Wong et al., 2014%° 238 Prospective Low Low High Low Low Low Low
Anstee et al., 2019% 3202 Prospective Low Low Low Low Unclear Low High
Dvorak et al., 2014%° 112 Prospective Low Low High Low Unclear Low High
Eddowes et al., 2018%" 54 Prospective  Low Low High Low Low Low Low
Guha et al., 2008% 192 Prospective Low Low High Low Unclear Low Unclear
Guillame et al., 2019%* 417 Prospective Unclear Low High Low High Low Low
Inadomi et al., 2020** 366 Prospective Unclear Low High Low Unclear Low Unclear
Lykiardopoulos 158 Prospective Unclear Low High Low Unclear Low Low
etal, 2016"
Miele et al., 2017*° 82 Prospective Low Low Low Low Unclear Low Unclear
Staufer et al., 2019% 186 Prospective  Low Low Low Low Low Low Low
Madsen et al,, 2020%° 266 Prospective Low Low High Low Low Low Unclear
Thiele et al.,, 2018 289 Prospective Low Low Low Low High Low Low
Agrawal et al., 2016 115 Prospective Unclear Low High Low Unclear Low Unclear
Crespo et al, 2012°" 146 Prospective ~ Low  High High  Low Low  Low Low
Non-transplant = 59
Transplant = 87
Dyvorne et al., 2016% 60 Prospective Unclear Low Unclear Low Unclear Unclear High
Fagan et al., 2015 536 patients Prospective Low Low Low Low Unclear Low Low
recruited
318 included
(Continues)
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Table 1 (Continued)
Authors, date Sample size Study design  Quality assessment
Domain 1: Domain 2: Domain 3: Domain 4: flow
patient selection index test Reference standard  and timing
Bias Applicability Bias Applicability Bias Applicability Bias
Friedrich-Rust 74 Retrospective Low Low Low Low Low Low High
et al, 2010*
Irvine et al., 2016%° 432 Retrospective Unclear Low Unclear Low Unclear Low Low
Lee et al, 2010°° 312 recruited Prospective Unclear Low Unclear Low Unclear Low Low
280 included
(estimation
group = 121;
validation
group = 159)
Rosenberg 1021 recruited Prospective  High Low High Low High Low Low
et al., 2004° (test = 400,
validation = 521)
Stasi et al., 2019°7 143 recruited Prospective Low Low High Low Unclear Low Low
115 included
Wahl et al.,, 2012°° 102 Prospective Unclear Low High Low Unclear Low Low

Abbreviations: AlH, autoimmune hepatitis; ALD, alcohol liver disease; CC, cryptogenetic cirrhosis; NAFLD, non-alcoholic liver disease; HBV, hepatitis
virus B; HCV, hepatitis virus C; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis.

The sensitivity ranged from 7%*' to 100%.% The specificity
ranged from 53%°7 to 100%.°

Hepatitis B virus

Advanced fibrosis. All four studies looking at HBV provided
data on the diagnostic accuracy of ELF in advanced fibrosis.**~
% The AUROCs ranged from 0.69 (95% CI 0.63-0.75)* to
0.86 (95% CI 0.81-0.92).*

Trembling et al.** reported multiple cut-offs between 8.02 and
10.41; the sensitivities using these cut-offs ranged from 45% to
96%, and specificities ranged from 17% to 95%.

Kim ez al.** used a cut-off of 9.40 providing 84% sensitivity and
78% specificity. Wong ef al.** reported sensitivity of 62% and
specificity of 66% using a cut-off of 9.8. Heo ef al.** reported a
cut-off of 9.8 providing the maximum sum of sensitivity and
specificity.

Cirrhosis. All four studies looking at HBV provided data on the
diagnostic accuracy of ELF in cirthosis.***> The AUROCs
ranged from 0.706 0.68 (95% CI 0.61-0.75)** to 0.86 (95% CI
0.81-0.92).*?

Trembling et al.** reported multiple cut-offs between 8.61 and
10.68; the sensitivities using these cut-offs ranged from 44% to
94%, and specificities ranged from 39% to 95%. Kim ef al.** re-
ported a sensitivity of 70% and a specificity of 79% using a
cut-off of 10.10. Wong ez al.** used a cut-off of 9.5 giving a sen-
sitivity of 78% and specificity of 47%.

Heo et al.®® reported a cut-off of 9.5 as the one providing the
maximum sum of sensitivity and specificity. This threshold is
lower than the threshold quoted in the same study as giving the

6

maximum sensitivity and specificity for the diagnosis of advanced
fibrosis.

Non-alcoholic fatty liver disease

Advanced fibrosis. The AUROC:S for detecting advanced fibro-
sis in NAFLD patients ranged from 0.78 (0.70—0.89)*° to 0.97 (no
CI reported).”’

Dvorak ef al.?” looked at two different thresholds and for the op-
timal threshold of —3.37 (corresponding to 6.63 after the addition
of 10) found that the ELF test had a sensitivity of 90% and a spec-
ificity of 97%. Guha et al.'® found 0.3576 (corresponding to 9.64)
to be the most optimal threshold, with a sensitivity of 80% and a
specificity of 90%. Anstee et al.*® reported a sensitivity of 20%
and a specificity of 98% with a cut-off of 11.3. Guillaume et al.*’
reported an optimal sensitivity of 73% and specificity of 72%.
Inadomi ez al.*® reported results for two different cohorts finding
10.38 to be the optimal threshold with a sensitivity of 63% and
70% and a specificity of 79% and 81% according to the cohort.
Miele et al.>® and Staufer et al.>' used a threshold of 9.8 reporting
a sensitivity of 87%% and 72% and specificity of 93% and 90%,
respectively.

Rosenberg et al.® included NAFLD patients in their mixed etiol-
ogy study and reported the results for these patients separately. The
optimal threshold for detecting advanced fibrosis was identified as
0.375 (using original ELF algorithm, corresponding to 9.625)
which provided a sensitivity of 89% and a sensitivity of 96%.

Cirrhosis. Only 2 studies reported the AUROCs for detecting
cirrhosis in NAFLD patients which were 0.852 + 0.040 in Guil-
laume e al.*’ and 0.92 (0.88-0.97) in Staufer et al.’' No study
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reported sensitivity and specificity for detecting cirrhosis in
NAFLD patients.

Alcohol liver disease

Advanced fibrosis. Only three studies reported the diagnostic
accuracy of ELF in ALD patients.®**% The AUROC was
excellent ranging from 0.92 (0.89—0.96) in the Thiele et al. study>>
and in the Madsen er al. study (0.88-0.96) to 0.944
(0.836—1.000).% Using the original ELF algorithm, Rosenberg
et al.® identified 0.087 as the optimal threshold (corresponding to
9.913), which provided a sensitivity of 100%, but a specificity of
16.7% (PPV 75%, NPV 100%). In the Thiele et al.> study, the
manufacturer’s threshold (9.8) was used as well as the threshold
recommended by the NICE guidelines for NAFLD (10.51)°* with
a sensitivity of 89% and 78% and a specificity of 78% and 91%,
respectively.

Cirrhosis. Two studies’> assessed the diagnostic accuracy of

ELF at detecting cirrhosis reporting an excellent AUROC ranging
from 0.93 (0.90-0.97) to 0.94 (0.91-0.97). Madsen et al.>
reported a sensitivity of 93% and a specificity of 80% using a
threshold of 10.1.

Mixed

Advanced fibrosis. Seven of the 10 studies enrolling patients
with mixed etiology CLD assessed the diagnostic accuracy of
the ELF test for detecting advanced fibrosis ®>4¢75%6!

In original ELF study, enrolling a mixed cohort of 1021 patients,
the reported AUROC was 0.804 (0.757—0.850). and the optimal
cut-off was identified at 0.102 (corresponding to 9.89, sensitivity
of 90% and specificity of 41%).

The AUROCs reported in the included studies ranged widely
from 0.63 (no CI)*® to 0.91 (0.88—0.95).>” Dyvorne et al.’s*® study
was primarily in HCV patients (81.6%) and with a small sample
size (n = 60). In comparison, Fagan et al.et al.>” enrolled 318
patients, 60.2% of whom had HCV.

Agrawal er al>* enrolled 115 patients (55.7% NAFLD) and
reported an AUROC of 0.707 with a relatively low sensitivity
and specificity of 60% and 69.7% respectively. Friedrich-Rust
et al.>® had reported a higher sensitivity of 74% sensitivity and
70% specificity, using a higher cut-off of 10.22 for advanced
fibrosis. Stasi e al.°' used the highest cut-off for advanced fibrosis
(12) with an AUROC of 0.785 (0.702-0.854), a low sensitivity
(30.43%) but the highest specificity (97.75%). Irvine et al.>®
reported an AUROC of 0.898, sensitivity of 81.1%, and specificity
of 80%, but they did not specify the cut-off used.

Cirrhosis. Eight of the studies enrolling patients with a mix of
causes of CLD reported the accuracy of the ELF test for detecting
cirthosis ®-433:57:38:6062 A of the AUROCS reported were above
0.80,8347596162 \with the exception of one article, conducted in
280 patients with viral hepatitis, which reported an AUROC of
0.698 (no sensitivity or specificity reported).®
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Rosenberg et al.® reported an AUROC of 0.887 (0.837-0.937)
with a sensitivity of 90.7% and specificity of 69.2% for a cut-off
value of 0.025 (corresponding to 9.975). Wahl er al.®® reported
an AUROC of 0.93 (0.88-0.99, sensitivity 100%, and specificity
77%) using a cut-off value of 9.39. Similarly, Friedrich-Rust
et al.*® reported an AUROC of 0.92 (0.83—1.00) (cut-off 10.31),
and Agrawal ef al.>* had an AUROC of 0.926 (0.843—1.00) from
a cut-off of 10.12. Fagan ez al.’” also had an AUROC of 0.9 from a
cut-off of 10.2. In Fagan er al.’” and Friedrich Rust ef al.,’® the
majority of patients had HCV; in contrast, Agrawal e al.>* had
only 21% viral hepatitis patients. Stasi et al.®' reported an
AUROC of 0.880 (0.821-0.932, sensitivity 46.15%, and
specificity 96.97%) using a cut-oft of 12, which they also applied
to detect advanced fibrosis.

Crespo et al.’® looked at two cohorts of patients; in the
non-transplant cohort, they found an AUROC of 0.894 and in
the transplant patients an AUROC of 0.834. The non-transplant
group had 41% HCV patients, compared with 72% HCV in the
transplant group.

Forest plots (Fig. 2) revealed good sensitivity and specificity for
ELF for detecting advanced fibrosis (F3, ELF = 9.8 = 0.1) and for
cirrhosis (F4, ELF = 10.3 £ 0.1) except for studies in HBV where
the performance of ELF was consistently worse than in other
etiologies.

Discussion

Summary of main results. This systematic review
identified 36 studies assessing the accuracy of the ELF test for
detecting advanced fibrosis or cirrhosis in patients with HCV,
HBYV, NAFLD, or ALD.%!®?7?%31762 Eleven HCV studies,”' '
4 HBV studies,””* 9 NAFLD studies,'**"**>! 2 ALD

studies,’®> and 10 mixed etiology CLD studies®** " were
included.

In patients infected with HCV, there is a good quantity of
evidence showing fair to excellent performance of the ELF test in
detecting advanced fibrosis with slightly better performance for
detecting cirrhosis. The quality of these studies is mixed, and few
employed predetermined thresholds. However, the studies suggest
that ELF is of use in assessing fibrosis in chronic hepatitis C.

While the numbers of studies in HBV patients are fewer, they
are of higher quality, with the ELF test performing similarly well
with AUROCs ranging from 0.69** to 0.86** for advanced fibrosis
and cirthosis. The study by Kim et al® investigated a
homogenous cohort of Asian patients, so could be considered less
applicable to other ethnicities. The good AUROCs but poor
sensitivity around the 9.8 and 10.3 ELF thresholds, as shown in
Figure 2, suggest that disease-specific thresholds may be required
in HBV infection.

This review found that in NAFLD the ELF test performs very
well for detecting advanced fibrosis and cirrhosis. The findings
of this review are aligned with the evidence used to make the
recommendation in the NICE guideline on the assessment and
management of NAFLD.®*

The recent systematic review of Vali ef al.*> presented evidence
of good diagnostic performance of ELF in the detection of
advanced fibrosis and cirrhosis when used as intended, for the
investigation of fibrosis in patients with NAFLD. While their

1
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Sensitivity (Cl 95%) Specificity (Cl 95%)

Paper Etiology Threshold TP FP TN FN Sensitivity (Cl 95%)  Specificity (Cl 95%)
Fagan 201557 Mixed 9.8 58 19 232 20 0.74(0.63-0.92) 0.92 (0.88-0.95) A
Irvine 20165 Mixed 9.8 73 68 272 17 0.81(0.72-0.89) 0.80(0.75-0.84) hd
—_— —@
Abdel-Hameed 2020% HCV 9.8 23 1 66 8 0.73(0.55-0.88) 0.99 (0.92-1.00)
—_—— R —

Fernandes 20153 HCV 9.8 16 28 73 3 0.84(0.60-0.97) 0.72(0.62-0.81)
Heo 20184 HBV 9.8 75 23 58 66 0.53(0.45-0.62) 0.72(0.61-0.81)
Trembling 201443 HBV 9.88 40 20 95 27 0.60 (0.47-0.72) 0.83(0.74-0.89)
Wong 20144 HBV 9.8 94 30 57 57 0.62 (0.54-0.70) 0.66 (0.55-0.75)

; —0— e
Miele 2017 50 NAFLD 9.8 13 5 62 2 0.87(0.69-1.04) 0.93 (0.86-0.99)
Staufer 201951 NAFLD 9.8 35 14 123 13 0.72(0.58-0.85) 0.90 (0.83-0.94)
Thiele 201852 ALD 9.8 59 50 173 7 0.89 (0.79-0.96) 0.78 (0.72-0.83)

a 0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1

Sensitivity (Cl 95%) Specificity (Cl 95%)
Paper Etiology Threshold TP FP TN FN Sensitivity (95% Cl) Specificity (95% Cl)
Crespo 201255 Mixed 104 14 9 35 1 0.93 (0.68-1.00) 0.80 (0.65-0.90) — —
10.3 7 22 56 2 0.78 (0.40-0.97) 0.72(0.60-0.81) —_— ——
10.3 12 21 54 1 0.92 (0.64-1.00) 0.72 (0.60-0.82) —_— ——

Fagan 201557 Mixed 10.2 28 29 259 13 0.68 (0.52-0.82) 0.90 (0.86-0.93) —_— K J
Friedrich-Rust 2010%*  Mixed 10.31 10 24 39 1 0.91 (0.59-1.00) 0.62(0.49-0.74) —_— —
Friedrich-Rust 201058 HCV 10.31 10 23 40 1 0.91 (0.59-1.00) 0.63 (0.50-0.75) —_— o— —
Trembling 201443 HBV 10.34 22 19 127 14 0.61 (0.43-0.77) 0.87 (0.80-0.92) ——— —o

b

Figure 2 Forest plots of sensitivity and specificity of ELF for the detection of (a) advanced fibrosis and (b) cirrhosis. ALD, alcohol liver disease; Cl,
confidence interval, CLD, chronic liver disease; FN, false negative; FP, false positive; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD,

non-alcoholic liver disease; TP, true positive; TN, true negative.

modeling suggested that, like all other NITs, ELF may perform
less well in low prevalence settings, the present systematic review
focused on fibrosis assessment in patients with known or
suspected CLD, the context in which the ELF test has been
established and for which its use has regulatory approval.

In ALD patients, there is a small amount of evidence of high
quality showing an excellent performance of ELF test with
AUROCs of 0.92°%%% and 0.944% for advanced fibrosis, and
0.92> and 0.94°* for cirrhosis.

It is difficult to draw firm conclusions from the 10 studies
that recruited patients with differing etiologies given the heteroge-
neity and varying methodological quality. However, these mixed
studies provided evidence that ELF can be used with good results
across different etiologies.

8,54-62

Strengths and weaknesses of review. This systematic
review is the first to bring together the evidence on the diagnostic
accuracy of the ELF test for detecting advanced fibrosis and cir-
rhosis in a range of common CLD etiologies. The review has
followed the guidelines for DTA systematic reviews and has used
the QUADAS-2 tool*” to assess the quality of the included studies.
Our review did not include a meta-analysis due to the considerable

12

study heterogeneity but does add weight and support to previous
findings that the ELF test can be used across a range of CLD
etiologies.24 Furthermore, we were able to consider the evidence
for the use of ELF in different disease etiologies, as well as in a
mixed group of patients.

In addition to the clinical heterogeneity, there was significant
methodological heterogeneity in the conduct of the index test
and reference standard. Although the automation of the ELF test
limits the potential to introduce bias, several studies scored highly
for risk of bias in the index test domain because they did not use
predetermined cut-off values for fibrosis detection. Several studies
explored performance at multiple ELF thresholds and selected
values providing the maximum sensitivity and specificity. This
may overestimate ELF test performance but reflects the slow
emergence of consensus around the appropriate cut-offs for differ-
ent disease etiologies. Some studies are not easily comparable be-
cause they used different versions of the ELF algorithm to
calculate a score. These differences arise from the addition of 10
to the original ELF scores to generate only positive values, and
then subsequently a change in the algorithm used to calculate the
ELF score due to the use of different auto-analyzers (Immuno-1
and Advia Centaur).65 However, the manufacturer has demon-
strated equivalence in measurement of analytes across the range
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of ELF values between the Immuno-1 and Advia algorithms
(ELF Test Instructions for Use, Siemens Healthineers, Tarrytown,
New York, USA).

One of the major sources of methodological heterogeneity in the
included studies was the quality of the biopsy reference standard.
While some studies specified strict criteria for length and/or
number of portal tracts, others provided no information on biopsy.
The influence of biopsy length on staging accuracy has been
studied in depth, and a biopsy length of at least 15 mm is
commonly accepted for reliable staging.* Additionally, the use of
a single pathologist has been recommended to -eliminate
inter-observer variation. Wong et al.** suggested that due to these
problems with biopsy sampling and inter/intra-observer variability,
a perfect non-invasive marker can only achieve an AUROC of
approximately 90% when compared with a reference biopsy.
Selection bias may be present in this review because we only
included studies in which patients had undergone liver biopsy,
and so the patients enrolled in these studies are likely to have
had a higher prevalence of significant fibrosis or cirrhosis than
other patients being investigated for CLD but not subjected to liver
biopsy and even greater than in the general population. This
resulting spectrum bias means that the performance of ELF in
these studies is unlikely to reflect its performance in primary care
or community settings where the prevalence of fibrosis is lower
than in secondary care. This will result in a lower PPV and a higher
NPV than in secondary care, which means ELF will be a better test
for excluding advanced CLD but perform less well in identifying
cases of advanced fibrosis or cirrhosis in a general population. In
accordance with this, none of the studies recommended use of
the ELF test to screen the general population.

Ultimately, the best way to validate ELF would be further study
its prognostic performance in predicting long-term liver-related
morbidity and mortality,”® as has been evaluated in some other
NITs.”%%

Further limitations of this review are that the diagnostic accuracy
of the ELF test for detecting mild or moderate fibrosis was not
considered, nor was the diagnostic accuracy of the ELF test in less
common causes of CLD reviewed. Although the diagnostic
accuracy of other NITs was not evaluated in this study, similar
systematic reviews have been conducted in other NITs.® 7!
Finally, while studies have demonstrated the utility of the ELF test
in pediatric CLD, especially NAFLD,? this systematic review only
evaluated the ELF test in adult patients.

Conclusion

In summary, the ELF test showed good diagnostic performance in
detecting advanced fibrosis in patients with viral hepatitis and
excellent performance in NAFLD and ALD. There is also
evidence of good diagnostic performance for detecting cirrhosis
in patients with viral hepatitis and excellent performance in pa-
tients with ALD. The quality of studies in HBV and ALD patients
was very high, but more variable for HCV and NAFLD patients.

This review suggests that the ELF test could offer an alternative
to biopsy for assessing liver fibrosis in viral hepatitis, NAFLD,
and ALD. However, the included studies were significantly hetero-
geneous, and further comparative studies of high methodological
quality are desirable. The ELF test also offers other benefits such
as lack of operator variability, excellent pre-analytical and
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analytical performance, and the very low failure rate, which is
restricted to situations where a blood sample cannot be obtained.
Furthermore, the automation of the ELF test means that it can be
used efficiently to test large numbers of patients. Although beyond
the scope of this review, the ELF test may offer the advantage over
liver biopsy of dynamic monitoring of fibrosis progression or
regression, for example, following treatment directed at
underlying causes.

Meta-analysis of the diagnostic accuracy of each disease
etiology should also be considered in future studies.
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