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Highlights Impact and implications

e Validated referral pathways for fatty liver disease are needed We need referral pathways that are efficient at detecting

in primary care. advanced fibrosis from alcohol-related and non-alcoholic fatty
liver disease in the population, but without causing futile re-
ferrals or excessive use of resources. This study indicates that
a sequential test strategy of FIB-4 followed by the ELF test in
o Referrals of at-risk patients can be reduced to 14% by using indeterminate cases leads to few patients referred for confir-

ELF alone. matory liver stiffness measurement, while retaining a high rate
of detected cases, and at low direct costs. This two-step
referral pathway could be used by primary care for mass, tar-
geted, or opportunistic screening for liver fibrosis in the
e 27% of screening positive individuals have biopsy-verified ~Population.

advanced fibrosis.

e FIB-4 >1.3 results in false positives in 35% of patients,
leading to over-referrals.

e FIB-4 followed by ELF in indeterminate cases may further
reduce referrals to 10%.
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Background & Aims: There is a need for accurate biomarkers of fibrosis for population screening of alcohol-related and non-
alcoholic fatty liver disease (ALD, NAFLD). We compared the performance of the enhanced liver fibrosis (ELF) test to the
fibrosis-4 index (FIB-4) and NAFLD fibrosis score (NFS), using transient elastography as the reference standard.

Methods: We prospectively included participants from the general population, and people at risk of ALD or NAFLD. Screening
positive participants (TE 28 kPa) were offered a liver biopsy. We measured concomitant ELF, FIB-4, and NFS using validated cut-
offs: 29.8, 21.3, 2-1.45, respectively.

Results: We included 3,378 participants (1,973 general population, 953 at risk of ALD, 452 at risk of NAFLD), with a median age of
57 years (IQR: 51-63). Two hundred-and-forty-two were screening positive (3.4% in the general population, 12%/14% who were
at-risk of ALD/NAFLD, respectively). Most participants with TE <8 kPa also had ELF <9.8 (88%) despite a poor overall correlation
between ELF and TE (Spearmans rho = 0.207). ELF was associated with significantly fewer false positives (11%) than FIB-4 and
NFS (35% and 45%), while retaining a low rate of false negatives (<8%). A screening strategy of FIB-4 followed by ELF in
indeterminate cases resulted in false positives in 8%, false negatives in 4% and the correct classification in 88% of cases. We
performed a liver biopsy in 155/242 (64%) patients who screened positive, of whom 54 (35%) had advanced fibrosis (2F3). ELF
diagnosed advanced fibrosis with significantly better diagnostic accuracy than FIB-4 and NFS: AUROC 0.85 (95% CI 0.79-0.92)
vs. 0.73 (0.64-0.81) and 0.66 (0.57-0.76), respectively.

Conclusion: The ELF test alone or combined with FIB-4 for liver fibrosis screening in the general population and at-risk groups
reduces the number of futile referrals compared to FIB-4 and NFS, without overlooking true cases.

Clinical trial number: Clinicaltrials.gov number NCT03308916.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction The current non-invasive standard to diagnose liver
fibrosis is liver stiffness measured by transient elastography
(TE).2 TE is well-validated, with high diagnostic and prog-
nostic accuracy.®®'® However, TE is limited by cost and
availability, warranting the need for a blood-based tool that
may be used as a gatekeeper in primary care. Simple blood-
based algorithms such as fibrosis-4 (FIB-4) index and the
NAFLD fibrosis score (NFS) are recommended in European
guidelines as cheap first-line tests in primary care.®® How-
ever, a substantial number of false positives and false nega-
tives limits their use.""'? The enhanced liver fibrosis (ELF) test
is a commercially available blood-based marker of liver
fibrosis that diagnoses advanced fibrosis in ALD and NAFLD
with excellent accuracy.®"*

Liver disease is the second leading cause of years of working
life lost in Europe and America." Cirrhosis mortality increased
more than 10% between 2005 and 2015, driven by alcohol-
related liver disease (ALD) and non-alcoholic fatty liver dis-
ease (NAFLD), and is projected to increase even further.?

In the general population the prevalence of elevated liver
stiffness suggestive of liver fibrosis is 5-7%, vs. 18-27% among
individuals with risk factors for liver disease.” Liver fibrosis is
the main predictor of overall and liver-specific mortality, which
prompts the need to identify people with fibrosis at an early
stage to initiate timely surveillance and interventions.>® How-
ever, accurate referral pathways are lacking.*’

Keywords: ELF test; NASH; liver stiffness; alcoholic liver disease; referral pathway; screening; fatty liver disease; liver fibrosis; non-invasive tests.
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Non-invasive fibrosis tests for population screening

We therefore aimed to evaluate whether the ELF test could
be used as a screening tool in a Danish cohort of the general
population and individuals at risk of ALD or NAFLD. We used
TE as a screening reference, with biopsy-verified confirmation
of fibrosis stage in participants with elevated TE. Primary out-
comes were the correlation between ELF and TE, and the
concordance between ELF and three strata of liver stiffness:
<8 kPa, 8-11.9 kPa, and 212 kPa. Second, we compared ELF to
FIB-4 and NFS, evaluated the diagnostic accuracy of ELF for
biopsy-verified advanced fibrosis, and evaluated referral stra-
tegies to detect patients with TE 28 kPa.

Patients and methods

Study design

This was a prospective, single-centre screening study per-
formed at Odense University Hospital, Denmark. The study was
approved by the Ethics committee of the Region of Southern
Denmark (S-20170087), the Danish data protection agency (18/
22692), the Danish Health Data Authority (FSEID-00005798)
and is part of a larger screening study for liver disease (regis-
tered at clinicaltrials.gov: NCT03308916). All participants gave
written and oral consent before inclusion and the study pro-
tocol adheres to the ethical guidelines of the 1975 Declaration
of Helsinki.

Participants

We included participants, either unselected from the general
population or at risk of fatty liver disease due to a history of
excessive alcohol use, obesity, diabetes, and/or metabolic
syndrome. The general population group was invited by a
random draw of 9,500 social security numbers belonging to
citizens aged 40-75 years from the Region of Southern
Denmark. Study invitations were sent to their personal, secure
electronic mailbox, the official digital communication route for
all Danes. We included all individuals responding to the invi-
tation. We included participants for the at-risk groups by
random drawing of 4,000 social security numbers, except we
asked only for a reply to the invitation if invitees complied with
inclusion criteria for at-risk (below) and adjusted the inclusion
age to 30-75 years. At-risk participants were further recruited
through announcement of the study in community calls, social
media, and municipal alcohol rehabilitation centres. Inclusion
criterion for the group at risk of ALD was a history of excessive
drinking (prior or current use 224 g/day for women, >36 g/day
for men exceeding 5 years). Inclusion criteria for NAFLD was
presence of type 2 diabetes, and/or obesity (BMI >30 kg/m?),
and/or the metabolic syndrome according to the International
Diabetes Foundation.” We excluded participants with known
chronic liver disease, severe alcohol-related hepatitis, cancer,
or other debilitating diseases with an expected survival below
12 months.

Investigations at the screening visit

We performed all investigations after at least 6 h of fasting. All
physical tests and questionnaires were performed on the same
day. The blood tests as well as serum samples for a biobank
were obtained within 1 week of the screening visit. We
measured BMI and obtained a self-reported alcohol history
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through standardised oral and written questionnaires including
the AUDIT (Alcohol Use Disorder Identification test).

Non-invasive tests

FIB-4 and NFS were calculated according to the literature
(Table S1). The ELF test consists of hyaluronic acid, tissue in-
hibitor of metalloproteinase-1, and the N-terminal propeptide of
collagen type Ill and was analysed using thawed biobank
serum in January 2021 according to the manufacturers in-
structions on an Atellica IM 1300 analyzer (Siemens Healthcare,
Erlangen, Germany; supplementary CTAT table). Experienced
operators performed TE and measured controlled attenuation
parameter (FibroScan 502 touch, Echosens, France) according
to standard operating procedures.® The operators were blinded
to the blood sample results, including ELF, FIB-4, and NFS, but
not to clinical characteristics. We considered TE 28 kPa as
screening positive as this cut-off is the current recommenda-
tion for referral to specialist care.® For the blood-based fibrosis
markers, we used the corresponding cut-off values based on
current guidelines: ELF >9.8, FIB-4 21.3, and NFS 2>-1 .45.8 For
subgroup analyses of FIB-4 and NFS in participants aged >65
years, we used the age-adjusted cut-offs: FIB-4 >2.0 and
NFS >0.12."°

Biopsy visit

Screening positive participants were invited for a liver biopsy
within 3 months. Furthermore, we biopsied 15 screening
negative participants to evaluate their eligibility for inclusion in a
subsequent randomized trial. After repeating screening in-
vestigations, we performed an abdominal ultrasound and a
percutaneous suction needle liver biopsy (17G Menghini nee-
dle; Hepafix; Germany). One experienced liver pathologist (SD)
evaluated the biopsies and assigned histological fibrosis stage
(0-4) according to Kleiner, and steatosis grade (0-3), lobular
inflammation (0-3), and hepatocellular ballooning (0-2) ac-
cording to the NASH Clinical Research Network.'” Biopsies
were considered of sufficient quality if they were 210 mm long
and contained 26 portal tracts or if regeneration nodules were
present. The pathologist was blinded to TE, ELF, FIB-4, and
NFS. We abstained from a liver biopsy if participants had
contraindications to a liver biopsy, had ultrasound evidence of
certain cirrhosis, bile duct dilatation, or hepatic congestion, or if
TE had decreased to <6 kPa at the biopsy visit.

Cost analysis

In a post hoc analysis, we estimated the direct costs related to
FIB-4 and ELF testing using a micro-costing approach
including direct and overhead costs, with Danish prices for the
index year 2022 for FIB-4, ELF, and FibroScan (Table S2).

Statistical analysis

We reported categorical data as counts (frequency) and
continuous data as median (IQR). We evaluated the correlation
between TE and ELF, FIB-4, and NFS by the Spearman cor-
relation coefficient and the variance by R-squared. Further-
more, we described ELF, FIB-4, and NFS across three strata of
liver stiffness measurements: TE <8 kPa, TE 8-11.9 kPa, and TE
>12 kPa.'® To further test the relationships between ELF and
TE, and FIB-4 and TE, we performed density estimation for their

Journal of Hepatology, August 2023. vol. 79 | 277-286



log-transformed values. For each subgroup of participants,
with liver biopsy as a reference or TE <8 for the screening
negatives, we assumed that the probability density function
was normally distributed and used minimum covariance
determinant to obtain a robust estimate for its mean and
covariance matrix.'® We evaluated the confidence ellipses of
1.5 standard deviations in a log-log scatter plot using the
robust estimates obtained as before. In the subgroup of par-
ticipants with a liver biopsy, we evaluated the diagnostic ac-
curacy of ELF, FIB-4, NFS, and TE with histological fibrosis
stage as a reference by calculating the AUROC and used the
Delong test for AUROC comparisons between tests and
stratified for obesity (BMI 30 kg/m?). We used multivariable
logistic regression with stepwise backwards elimination to
evaluate potential predictors of false negative compared to true
negative ELF tests, and false positive compared to true positive
ELF tests, using TE 28 kPa as the reference. We evaluated the
following potential predictors, based on a literature search: age,
sex, BMI, controlled attenuation parameter, alanine

Table 1. Baseline characteristics.

Research Article

aminotransferase, aspartate aminotransferase, bilirubin,
gamma-glutamyltransferase, and haemoglobin A1c.?%??
Lastly, we evaluated two referral pathways: ELF alone, or
FIB-4 followed by ELF in indeterminate cases (FIB-4 from 1.30
to 2.66) compared to the current recommendation of FIB-4
alone. In post hoc sensitivity analyses, we tested whether
age-adjusted cut-offs improved referral pathways, and whether
the performance of ELF, FIB-4 and NFS differed in subgroups
of participants aged <40 or 265 years.

In case of missing values, we performed complete case
analysis. We performed all statistical analyses in STATA17
(StataCorp TX, US) and considered p values below 0.05 to be
statistically significant.

Results

Participants

From October 2017 to November 2020, we invited 16,624 in-
dividuals and included 3,378 participants in the study: 1,973

Total population

General population

At-risk of ALD At-risk of NAFLD

N = 3,378* n=1,973 n = 953 n = 452

Age 57 (51-63) 57 (52-62) 59 (51-65) 53 (46-62)
Sex, male (%) 1,663 (49) 892 (45) 613 (64) 158 (35)
BMI (kg/m?) 27 (24-31) 27 (24-30) 27 (24-30) 33 (30-37)
Waistline (cm) 96 (86-107) 93 (83-103) 97 (88-107) 107 (99-116)
Weekly drinks 5 (1-15) 4 (1-10) 20 (6-30) 2 (1-5)
Risk factors™

Alcohol (%) 1,145 (34) 192 (10) 953 (100) 0(0)

Obesity (%) 1,070 (32) 453 (23) 265 ( 8) 352 (78)

Diabetes (%) 243 (7) 80 (4) 6 (7) 97 (21)

Metabolic syndrome (%) 1,723 (51) 847 (43) 510 (54) 366 (81)

No risk factors (%) 944 (29) 944 (48)
Fibrosis markers
ELF test 8.9 (8.4-9.4) 8.9 (8.4-9.3) 8.9 (8.4-9.5) 9.0 (8.5-9.6)
FIB-4 1.15 (0.9-1.5) 1.16 (0.93-1.49) 1.21 (0.91-1.61) 0.99 (0.74-1.35)
NFS -1.42 (-2.28- -0.63) -1.52 (-2.33- -0.79) -1.30 (-2.25- -0.47) -1.09 (-2.03- -0.17)
TE (kPa) 4.4 (3.7-5.5) 4.3 (3.6-5.2) 4.6 (3.8-5.8) 4.9 (4.1-6.3)
TE groups

TE <8 kPa (%) 3,136 (93) 1,906 (97) 843 (88) 387 (86)

TE 8-11.9 kPa (%) 144 (4) 49 (2) 63 (7) 32 (7)

TE 212 kPa (%) 98 (3) 18 (1) 47 (5) 33 (7)
Laboratory tests
Albumin (g/L) 45 (44-47) 45 (44-47) 46 (44-47) 45 (44-47)
ALT (U/L) 25 (19-34) 24 (18-32) 26 (20-36) 29 (22-41)
AST (U/L) 25 (21-30) 24 (21-29) 26 (22-33) 25 (21-31)
Bilirubin (umol/L) 8 (6-11) 8 (7-11) 9 (6-11) 8 (6-10)
GGT (U/L) 26 (17-44) 23 (16-37) 31 (19-60) 1(21-51)
HbA1c (mmol/mol) 36 (34-39) 36 (34-39) 36 (33-38) (34 43)
Platelets (10%/L) 242 (208-281) 240 (208-278) 240 (206-278) 254 (214-300)
Fasting glucose (mmol/L) 5.7 (5.3-6.1) 5.6 (5.3-6.0) 5.8 (5.4-6.2) 5.9 (5.5-6.5)
Liver biopsy™* n =170 n=44 n =78 n =48
Fibrosis stage 6/58/52/28/26 0/18/17/8/1 4/19/23/12/20 2/21/12/8/5

F0/1/2/3/4 (%) (4/34/31/16/15) (0/41/39/18/2) (5/24/29/15/26) (4/44/25/17/10)
Steatohepatitis (%) 60 (35) 10 (23) 26 (33) 24 (50)

ALD, alcohol-related liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELF, enhanced liver fibrosis; FIB-4, fibrosis-4; GGT, gamma-glutamy! trans-
ferase; HbA1c, haemoglobin A1C; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; TE, transient elastography.

Reported as counts and frequencies, or medians and IQR. ELF missing in three participants due to unmeasurable tissue inhibitor of metalloproteinase-1 and N-terminal propeptide
of collagen type lIl. FIB-4 missing in 150 participants, NFS missing in 179.32 had an unreliable TE (<10 measurements or IQR/median >30%), but these were included in the analysis.
*98.6% of included participants were Caucasians (ethnicity missing in 2,026, because recorded late in the study).

*Alcohol: prior or current alcohol overuse (>24 g/day for women and >36 g/day for men) for more than 5 years. Obesity: BMI >30. Metabolic syndrome: according to the International

Diabetes Foundation.

**We performed a liver biopsy in 155 out of 242 patients with TE 28 (64%). We included 15 additional biopsies in patients with TE <6 kPa, due to evaluation for inclusion in
randomized trials. Seven participants from the ALD group had definite signs of cirrhosis by ultrasound and did not undergo liver biopsy.

**Concomitant steatosis, lobular inflammation, and hepatocellular ballooning.

Journal of Hepatology, August 2023. vol. 79 | 277-286 279
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Fig. 1. Log-log scatter plots of the ELF test and FIB-4 compared to transient elastography. (A-B) Coloured dots represent screening positive participants, grey
dots screening negative. FO: dark blue; F1: light blue; F2: green; F3: yellow; F4: red. (C-D) Confidence ellipses of 1.5 standard deviations for FO-1 or screening negative
(blue); F2 (green); F3-4 (red). Dashed lines indicate the cut-off values of 8.0 kPa for TE, 9.8 for ELF, and 1.30 for FIB-4. ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4

index. (This figure appears in color on the web.)

randomly selected from the general population, 953 at-risk of
ALD, and 452 at-risk of NAFLD. TE failed in 0.26% of eligible
participants (Fig. S1). Most participants were Caucasians
(98.6%), and middle-aged (77% aged 40-64 years; median age
57; 51-63). A total of 49% were male, and the median BMI was
27 (24-31) kg/m?. In the general population group, 23% were
obese, and 52% had at least one risk factor for liver fibrosis.
Among participants at risk of ALD, 561 (59%) had at least one
metabolic risk factor (Table 1). In the general population, at-risk
of ALD, and at-risk of NAFLD groups, 67 (3.4%), 110 (12%) and
65 (14%) of individuals were screening positive (TE 28 kPa).

280

We obtained a liver biopsy in 155/242 (64%) of screening
positive participants, 54 of whom had biopsy-proven advanced
fibrosis (2F3; 35%, 54/155). Besides occasional post-biopsy
pain, we did not observe any adverse events.

Performance of the ELF test to detect elevated

liver stiffness

The ELF test exhibited a poor linear correlation with TE at the
screening visit (Spearman’s rho = 0.207, p <0.01; Fig. 1,
Table S3; Fig. S2) and explained 12% of the linear TE variance

Journal of Hepatology, August 2023. vol. 79 | 277-286
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Table 2. Classification of participants using ELF, FIB-4, and FIB-4 followed by ELF in indeterminant cases.

Total population

TE N = 3,378 General population n = 1,973 At-risk of ALD n = 953 At-risk of NAFLD n = 452
ELF
<9.8 29.8 <9.8 29.8 <9.8 29.8 <9.8 29.8
n = 2,890 (86) n = 485 (14) n = 1,742 (88) n =231 (12) n =783 (82) n =169 (18) n = 365 (81) n =85 (19)
<8 kPa 2,759 (82) 374 (11) 1,698 (86) 208 (11) 732 (77) 111 (12) 329 (73) 56 (12)
28 kPa 131 (3.9) 111 (3.3) 44 (2.2) 23 (1.2) 51 (5.4) 59 (6.2) 36 (8.0) 29 (6.4)
<12 kPa 2,860 (85) 417 (12) 1,737 (88) 221 (11) 775 (81) 130 (14) 351 (78) 66 (15)
212 kPa 30 (0.9) 68 (2.0) 8 (0.4) 10 (0.5) 8 (0.8) 39 (4.1) 14 (3.1) 19 4.2)
FIB-4
<13 21.3 <1.30 21.30 <1.30 21.30 <1.30 21.30
n = 1,986 (62) n = 1,242 (38) n = 1,175 (62) n = 723 (38) n = 504 (56) n = 399 (44) n = 307 (72) n = 120 (28)
<8 kPa 1,895 (59) 1,114 (35) 1,143 (60) 697 (37) 474 (52) 330 (37) 278 (65) 87 (20)
>8 kPa 91 (2.8) 128 (4.0) 32 (1.7) 26 (1.4) 30 (3.3) 69 (7.6) 29 (6.8) 33 (7.7)
<12 kPa 1,963 (61) 1,175 (36) 1,170 (62) 713 (38) 497 (55) 364 (40) 296 (69) 98 (23)
>12 kPa 23 (0.7) 67 (2.1) 5(0.3) 10 (0.5) 7 (0.8) 35 (3.9) 1(2.6) 22 (5.2)
FIB-4 — ELF*

Negative Positive Negative Positive Negative Positive Negative Positive
n = 2,893 (90) n = 333 (10) n = 1,753 (92) n = 145 (7.6) n =771 (85) n =131 (15) n = 369 (87) n =57 (13)
<8 kPa 2,756 (85) 251 (7.8) 1,708 (90) 132 (7.0) 718 (80) 85 (9.4) 330 (77) 34 (8.0)
>8 kPa 137 (4.3) 82 (2.5) 45 (2.4) 13 (0.7) 53 (5.9) 46 (5.1) 39 (9.2) 23 (5.4)
<12 kPa 2,862 (89) 274 (8.5) 1,746 (92) 137 (7.2) 761 (84) 99 (11) 355 (83) 38 (8.9)
212 kPa 31 (1.0) 59 (1.8) 7 (0.4) 8 (0.4) 10 (1.1) 32 (3.5) 14 (3.3) 19 (4.5)

ALD, alcohol-related liver disease; ELF, enhanced liver fibrosis; FIB-4, fibrosis-4 index; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score.
Counts and frequencies based on per-protocol analyses of: valid ELF = 3,375, valid FIB-4 = 3,228, valid NFS = 3,208, valid ELF & FIB-4 = 3,226.
*Negative = FIB-4 <1.30 or FIB-4 1.30-2.66 & ELF <9.8. Positive = FIB-4 >2.67 or FIB-4 1.30-2.66 & ELF 29.8.

(R-squared 0.124). However, ELF increased significantly be-
tween the three TE strata (p <0.001; Fig. 2) and diagnosed
elevated liver stiffness with moderate accuracy (AUC 0.74 for
TE 28 kPa, 95% CI 0.71-0.78) (Table S4; Fig. S3). ELF was >9.8
in 14% of participants, the majority being false positives (TE
<8 kPa; Table 2). In the 86% of participants with ELF <9.8, the
rate of false negatives (TE 28 kPa) was only 4%. The proportion
of false negatives was higher in the at-risk groups compared to
the general population participants (Table 2). When using TE
>12 kPa as the reference, the rate of false negatives decreased
to 1%, while false positives increased to 12% (Table 2).

ELF compared to FIB-4 and NFS

FIB-4 also exhibited an overall poor correlation with TE (Spear-
man’s rho = 0.321, R-squared 0.150, Fig. 1), but increased
stepwise between the three TE strata (Fig. 2). FIB-4 resulted in
false positives in more than one-third of all patients (35%), with
false negatives in just 3% (Table 2). Overall, NFS exhibited the
same performance characteristics as FIB-4 (Tables S3 and S4),
but with 45% false positives (Table S5). As with the ELF test, at-
risk groups had a higher proportion of FIB-4 and NFS false
negatives compared to the general population.

The ELF test correctly classified 85% of all participants,
while FIB-4 and NFS correctly classified 63% and 54%,
respectively. This was largely due to ELF’s superior ability to
correctly classify screening negative participants (Fig. 1C vs.
Fig. 1D, Fig. S4).

ELF, FIB-4, and NFS to diagnose advanced fibrosis in
participants with a liver biopsy

In the subgroup of participants with a liver biopsy (n = 170), ELF
showed a better correlation with TE (Spearmans rho = 0.526, R-
squared = 0.321) than in the screening setting. ELF diagnosed

advanced fibrosis (2F3) with good accuracy (AUROC 0.85) and
significantly outperformed FIB-4 and NFS, but not TE (Table 3,
Fig. 3). When stratifying for obesity, ELF retained a high diag-
nostic accuracy (AUROC 0.85), while the accuracy decreased
for TE (AUROC 0.83) and NFS (AUROC 0.65) and remained
moderate for FIB-4 (AUROC 0.74; Table S6).

We performed a liver biopsy in 155 screening positive par-
ticipants, while the liver stiffness of 45 screening positive par-
ticipants had decreased to <6 kPa at the biopsy visit, causing
us to abstain from a liver biopsy. Thus, we reached a definitive
conclusion in 83% of participants (200/242), assuming that
none of the 45 participants with TE <6 kPa had advanced
fibrosis. Consequently, the prevalence of advanced fibrosis in
screening positives was 27% (54/200).

False negative and false positive ELF results

Of the 242 screening positive participants, 131 had an ELF
<9.8 and would consequently have been missed if ELF were
used to select participants for referral. However, only 30 of
them had TE 212 kPa. Furthermore, 59 of the 131 participants
with false negative ELF decreased to TE <8 kPa at the biopsy
visit. The median TE for ELF false negatives was 10.1 kPa (IQR
8.8-11.7) at the screening visit compared to 7.9 kPa (IQR 6.1-
9.5) at the biopsy visit. Of those participants with a false
negative ELF test, 8% (6/76) had advanced fibrosis on his-
tology, compared to 61% (48/79) in true positives. Overall,
false positives had characteristics more like true negatives,
whereas false negatives had characteristics more like true
positives (Table S7).

We observed false positive ELF results in 374 participants.
The median age was higher in false positives than true nega-
tives. Lower BMI also predicted false positives, but only in
patients at risk of ALD or NAFLD (Table S8).
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Fig. 2. Violin plots of the distribution of ELF, FIB-4, NFS according to three
TE strata. The dashed lines indicate the cut-off values of 9.8 for (A) ELF, 1.30 for
(B) FIB-4, and -1.45 for (C) NFS. The plots depict medians with interquartile
ranges and surrounding kernel-density curves. ELF, enhanced liver fibrosis; FIB-
4, fibrosis-4 index; NFS, NAFLD fibrosis score; TE, transient elastography.

Referral strategies

A referral strategy of FIB-4 followed by ELF in indeterminate
cases (FIB-4 1.30-2.67) resulted in a low number of participants
eligible for referral while keeping the rate of false negatives
below 10% (Table 2, Fig. 4). This strategy also reduced the
number of necessary ELF tests by >60% compared to
ELF alone.

In contrast, a FIB-4 only referral strategy, as recommended
by the EASL Clinical Practice Guidelines, resulted in 38% of the
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population being eligible for referral to liver specialist care due
to FIB-4 21.30 (Table 2), whilst NFS resulted in 45% of par-
ticipants being eligible for referral (Table S5).

Age-adjusted cut-offs for FIB-4 and NFS led to higher rates
of false negatives and decreased the proportion of referrals but
did not change the overall conclusion that the combination
strategy led to far fewer screening positives (Table S9).

Cost analyses

The referral pathway of FIB-4 followed by ELF in indeterminate
cases resulted in almost half the costs compared with FIB-4 or
ELF alone, due to spared TE measurements. It cost €122,548 to
test 1,000 people with FIB-4 followed by ELF, compared to
€208,201 for ELF alone, and €230,880 for FIB-4 alone (Table S2).

Subgroup analyses in younger and older participants

Only 3.5% of participants were younger than 40 years (n = 118),
of whom 7.8% were screening positive, compared to 12% in
the full at-risk cohort. One in five participants were above 65
years of age (n = 665; Fig. S5), of whom 69 were screening
positives. ELF and FIB-4 were poor at detecting the young
screening positive individuals, while NFS performed slightly
better, but was associated with more false positives
(Table S10). Among participants aged 265 years of age, ELF
frequently gave false positive results, while FIB-4 at the age-
adjusted cut-off of 2.0 was associated with fewer false posi-
tives, but more false negatives. NFS performed best of all
three (Table S11).

Discussion

This large prospective study provides evidence that the ELF
test can be used as an effective tool for population screening
for liver fibrosis as it is associated with substantially fewer false
positives than FIB-4 and NFS. However, as FIB-4 <1.30 ruled
out elevated liver stiffness slightly better than ELF <9.8, a
referral pathway using FIB-4 followed by ELF in indeterminate
cases would retain 90% of patients in primary care, and still
detect a high proportion of participants with elevated liver
stiffness in need of specialist care. Direct expenditure for this
sequential pathway amounted to less than half of the costs
incurred by a FIB-4 only strategy.

The European guideline recommends screening at-risk in-
dividuals with FIB-4 and referring all with FIB-4 >1.30 for TE.®
However, this recommendation would result in 38% of the to-
tal study population needing referral, of whom more than one-
third had TE <8 kPa. Consequently, such a strategy carries a
substantial risk of overdiagnosis. Our findings are in line with a
recent LiverScreen consortium study, which reported a high
proportion of false positives with FIB-4 (30% in the general
population, 29% in at-risk individuals)'' and false negative
rates of 3-7%.

The three referral strategies — FIB-4 alone, ELF alone, and
FIB-4 followed by ELF in indeterminate cases — missed 42-63%
of participants with TE 28 kPa, and 26-34% of participants with
TE 212 kPa, with the sequential strategy leading to the highest
proportion of missed cases and FIB-4 alone the lowest. Simi-
larly, a Swedish study combining a laboratory database of
repeated FIB-4 measurements with diagnostic registries found
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Table 3. Performance of ELF, FIB-4, and NFS with histology as reference standard.

Research Article

AUROC (95% CI) Sensitivity (%) Specificity (%) PPV (%) NPV (%) TN FP
FN TP

Significant fibrosis (2F2)
TE 28 kPa 0.83 (0.77-0.89) 90 (83-95) 50 (37-63) 74 (66-82) 76 (61-88) 32 32
10 93
ELF >29.8 0.76 (0.69-0.84) 70 (60-78) 64 (51-76) 76 (67-84) 56 (44-68) 41 23
32 74
FIB-4 21.30 0.72 (0.63-0.80) 76 (66-83) 53 (40-66) 73 (63-81) 57 (43-69) 34 30
26 80
NFS 2-1.45 0.56 (0.46-0.65) 88 (80-93) 14 (7-25) 63 (55-71) 41 (21-64) 9 55
13 93

Advanced fibrosis (2F3)
TE 212 kPa 0.92 (0.88-0.97) 98 (90-100) 36 (27-45) 41 (32-50) 98 (87-100) 41 74
1 51
ELF 210.5 0.85 (0.79-0.92) 67 (53-79) 78 (69-85) 58 (45-71) 83 (75-90) 90 26
18 36
FIB-4 >2.67 0.73 (0.64-0.81) 82 (69-91) 43 (34-53) 40 (31-50) 83 (72-92) 50 66
10 44
NFS 20.68 0.66 (0.57-0.76) 94 (85-99) 16 (10-24) 35 (27-43) 86 (65-97) 19 97
3 51

ELF, enhanced liver fibrosis test; FIB-4, fibrosis-4 index; FN, false negative; FP, false positive; NFS, NAFLD fibrosis score; NPV, negative predictive value; PPV, positive predictive

value; TN, true negative; TP, true positive.
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Fig. 3. Diagnostic accuracy of TE, ELF, FIB-4, and NFS. Area under the receiver operating characteristics curve for discriminative accuracy in 170 participants with a
liver biopsy (155 screening positives and 15 screening negatives). (A) Significant fibrosis. (B) Advanced fibrosis. ELF, enhanced liver fibrosis; FIB-4, fibrosis-4 index;
NFS, NAFLD fibrosis score; TE, transient elastography.
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Fig. 4. Decision tree for a referral strategy of FIB-4 followed by ELF in indeterminate cases. (A) General population. (B) At-risk populations (alcohol, type 2
diabetes, obesity, the metabolic syndrome). ELF, enhanced liver fibrosis; FIB-4, fibrosis-4 index; TE, transient elastography.

that almost half of all patients who developed cirrhosis had FIB-
4 <1.30 in prior measurements.'?

This finding stresses the importance of repeating in-
vestigations every 1-5 years in people with continuing risk
factors for liver fibrosis.®?® It also highlights the need for a
continued search for more accurate biomarkers and risk
stratification tools.?*?°

In the group of participants randomly recruited from the
general population, only 10% of ELF positives and 3.6% of FIB-
4 positives had TE28 kPa, highlighting the risk of spurious re-
sults from spectrum bias in very low prevalence populations.?®
Random variation and causes of false positives are propor-
tionally more important in low than in high prevalence pop-
ulations, diminishing the diagnostic performance of any test.?’

A UK referral pathway using FIB-4 followed by ELF in
indeterminate cases reduced futile referrals for NAFLD by
81%.” Our study confirms the effectiveness of this referral
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pathway. Furthermore, we found a 27% prevalence of biopsy-
verified advanced fibrosis in screening positives, confirming TE
>8 kPa as a solid screening reference.

The sequential referral strategy was cheap but missed 42
participants with TE 28 kPa and 10 with TE 212 kPa per 1,000
screened, compared to 28 and 7 per 1,000 screened for FIB-4
alone. This warrants a full cost-benefit analysis of the different
screening strategies. Health-economic studies show that
sequential combinations of non-invasive tests are cost-
effective in low-prevalence populations.’®?° In a study
modelled over Scandinavian healthcare costs, the ELF test
alone, followed by TE in positive cases, was the most accurate
and cost-effective method in a low-prevalence population of
participants at risk of ALD.?°

Almost half of screening positive participants with low ELF
had normalised their TE at the biopsy visit, and only 8% had
advanced fibrosis on histology, compared to 61% of those in
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whom both ELF and TE were elevated. However, TE had the
highest diagnostic accuracy among participants who pro-
ceeded to a liver biopsy, stressing its superior diagnostic ac-
curacy in secondary care. Obesity is the exception, since the
diagnostic accuracy of TE is lower in biopsied participants with
BMI >30 kg/m?, as previously shown.*® A confirmative non-
invasive test is therefore especially important in obese pa-
tients with elevated TE. Participants with a false positive ELF
test were older than true negatives, which corresponds to a
well-known increase in ELF with age.'*?"*' Similar to ELF, FIB-
4 also performed less well in older participants (>65 years), but
when applying the age-adjusted cut-off for FIB-4 to limit false
positives, this led to an increase in false negatives, especially
among at-risk individuals.'®

Our study is strengthened by the prospective design. We
performed all investigations at screening within 1 week and
repeated all investigations at the biopsy visit. Furthermore, we
confirmed the presence or absence of advanced fibrosis in
83% of screening positive participants, based on 64% of
screening positives receiving a liver biopsy and 19% experi-
encing a decrease in TE to <6 kPa at the biopsy visit.

Research Article

This and similar screening studies in low prevalence pop-
ulations are restricted to using TE instead of liver biopsy as a
reference standard. However, liver biopsy would be unethical
in such low-prevalence settings, and since elevated TE is a
marker of poor prognosis, we support the use of TE as a
reference screening standard. Consequently, we performed
liver biopsies based on elevated TE not the ELF test result.
Because of this, biopsy data are not available for screening
negative participants with elevated ELF. Another limitation is
that this is a single-centre study only representative of Cau-
casians, who were mainly middle-aged, with obesity and
drinking patterns representative of the Danish population.
Consequently, multinational studies are needed to ensure
generalisability of findings across ethnicities, age-groups, and
lifestyle factors.

Use of the ELF test to screen for liver fibrosis can reduce
the number of futile referrals compared to FIB-4 alone. The
sequential combination of FIB-4 followed by ELF in inde-
terminate cases further minimizes the number of futile
referrals, and saves cost, making this a promising future
referral strategy.
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