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Introduction and Objectives: The Hepamet fibrosis score was introduced for the diagnosis of advanced liver
fibrosis in patients with non-alcoholic fatty liver disease (NAFLD). To date, external validation is limited, and
its utility in combination with liver stiffness measurement (LSM) has not been explored.
Material and Methods: This is a cross-sectional study on NAFLD patients who had a liver biopsy and LSM on
the same day. The diagnostic performance of the Hepamet fibrosis score was evaluated using the area under
the receiver operating characteristic curve (AUROC).
Results: The data for 196 patients were analyzed (mean age 50 + 11 years old, 50% men, 56.6% Malay, 27.6%
Chinese, 15.8% Indian, 67.9% NASH, 15.8% advanced liver fibrosis). The AUROC of Hepamet fibrosis score for
the diagnosis of advanced liver fibrosis was 0.85 (95% CI, 0.80 — 0.91). Using the <0.12 and >0.47 cut-offs
from the original study, the sensitivity, specificity, positive predictive value, negative predictive value, the
proportion of indeterminate results and misclassification rate were 81.8%, 91.8%, 47.4%, 98.2%, 32.1% and
6.1%, respectively. Using LSM <10 kPa and >15 kPa for the diagnosis of absence and presence of advanced
liver fibrosis, respectively, in patients with Hepamet fibrosis score >0.47 (i.e., the two-step approach)
reduced indeterminate results and misclassification to 16.1% and 3.6%, respectively.
Conclusions: We found the Hepamet fibrosis score to have good diagnostic accuracy in a population that was
largely unrepresented in earlier work and demonstrated its utility in a two-step approach with LSM for the
diagnosis of advanced liver fibrosis.

© 2022 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction [2]. As only a small but significant proportion of NAFLD patients have

advanced liver fibrosis and NAFLD patients do not have specific

Non-alcoholic fatty liver disease (NAFLD) has emerged as the most
common cause of chronic liver disease, affecting an estimated 25% of
the global population [1]. The severity of liver fibrosis has been iden-
tified as the single most important predictor of long-term outcome in
NAFLD patients with the risk of liver-related mortality and all-cause
mortality increasing exponentially with increasing liver fibrosis stage

Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase;
AUROC, Area under the receiver operating characteristics curve; BMI, Body mass index;
CK18, Cytokeratin 18; FIB-4, Fibrosis-4 score; HbA1c, Glycated hemoglobin; HDL, High-
density lipoprotein; HFS, Hepamet fibrosis score; HOMA-IR, Homeostatic model
assessment for insulin resistance; MAFLD, Metabolic dysfunction-associated fatty liver
disease; NAFLD, Non-alcoholic fatty liver disease; NASH, Non-alcoholic steatohepatitis;
NFS, NAFLD fibrosis score
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symptoms unless they have progressed to decompensated liver dis-
ease, identifying NAFLD patients with advanced liver fibrosis for
more aggressive management represents an important step in tack-
ling the disease. A two-step approach has been proposed, whereby
NAFLD patients identified as being at higher risk of advanced liver
fibrosis based on a widely available test are referred for a second test
for further risk stratification [3,4]. The original work was based on
the use of the NAFLD fibrosis score and liver stiffness measurement
with 8 kPa and 17 kPa cut-offs [3], but this was refined to the use of
the Fibrosis-4 score and liver stiffness measurement with 10 kPa and
15 kPa cut-offs [4]. The Fibrosis-4 score had similar performance to
the NAFLD fibrosis score despite requiring less variables for its calcu-
lation, and it has therefore emerged as the preferred test. Recently, a
novel fibrosis score, called the Hepamet fibrosis score, has been
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developed for identifying NAFLD patients with advanced liver fibrosis
[5]. The Hepamet fibrosis score has been reported to be superior to
the NAFLD fibrosis score and the Fibrosis-4 score. However, there is
limited external validation. Furthermore, the performance of the
Hepamet fibrosis score in comparison with the NALFD fibrosis score
and the Fibrosis-4 score in a two-step approach that is followed by
liver stiffness measurement is unknown. Therefore, we aimed to
study the performance of the Hepamet fibrosis score when used
alone and when used in a two-step approach with liver stiffness mea-
surement for the diagnosis of advanced liver fibrosis, comparing with
the use of the NAFLD fibrosis score and the Fibrosis-4 score, in our
cohort of biopsy-proven NAFLD patients.

2. Material and Methods

The patients included in this study were patients who were
screened for a non-alcoholic steatohepatitis (NASH) clinical trial
conducted at the University of Malaya Medical Centre between
2012 and 2015. The full details of the clinical trial can be found else-
where [6]. Briefly, consecutive adult NAFLD patients (>18 years old)
seen at the Gastroenterology and Hepatology Clinic of the Univer-
sity of Malaya Medical Centre were considered for inclusion into
the clinical trial. The diagnosis of NAFLD was based on ultrasonog-
raphy findings of fatty liver and exclusion of significant alcohol
intake, use of medications that can cause hepatic steatosis, viral
hepatitis B and C infection, and other causes of chronic liver disease,
where indicated [7]. NAFLD patients with serum alanine amino-
transferase (ALT) or aspartate aminotransferase (AST) levels
>40 IU/L were offered screening for the clinical trial, which included
a liver biopsy. Screening was also offered when there were other
reasons for NASH to be suspected (e.g., significant liver fibrosis
based on liver stiffness measurement, obese patients with meta-
bolic syndrome). Patients who were on insulin therapy were
excluded from this study to limit the influence of supra—physiologi-
cal results of insulinemia due to insulin therapy.

Demographic, anthropometric and relevant clinical data were
obtained using a standard protocol on the day of the liver biopsy pro-
cedure. Obesity was defined as body mass index (BMI) >25 kg per m?
[8]. Central obesity was defined as waist circumference >90 c¢cm for
men and >80 cm for women [9]. Hypertension was considered present
when there was a self-reported history of hypertension, blood pres-
sure was >130/80 mmHg, or when the patient was on anti-hyperten-
sive agent [ 10]. Venous blood was drawn after an overnight fast on the
day of the liver biopsy procedure for complete blood count, glucose,
glycated haemoglobin (HbA1c), insulin, lipid profile, liver profile and
tests for viral hepatitis B and C infection. Diabetes mellitus was consid-
ered present when there was a self-reported history of diabetes melli-
tus, fasting glucose was >7.0 mmol/L, HbA1c was >6.5 %, or when the
patient was on anti-diabetic agent. Patients without diabetes mellitus
who had fasting glucose > 5.6 mmol/L were considered to have
impaired fasting glucose [11]. Serum triglyceride >1.7 mmol/L was
considered elevated while serum high-density lipoprotein (HDL) cho-
lesterol <1.0 mmol/L for men or <1.3 mmol/L for women was consid-
ered reduced [12]. Homeostatic model assessment for insulin
resistance (HOMA-IR) was calculated using the formula fasting glucose
(mmol/L) * fasting insulin (mlU/L) | 22.5.

2.1. Calculation of the Hepamet fibrosis score and other fibrosis scores

The Hepamet fibrosis score was calculated from the formula 1 /
(1+e[5.390 — 0.986 x Age [45-64 years of age] — 1.719 x Age [>65 years
of age] + 0.875 x Male sex — 0.896 x AST [35-69 IU/L] — 2.126 x AST [>70
IU/L] — 0.027 x Albumin [4-4.49 g/dL] — 0.897 x Albumin [<4 g/dL] —
0.899 x HOMA [2-3.99 with no Diabetes Mellitus] — 1.497 x HOMA [>4
with no Diabetes Mellitus] — 2.184 x Diabetes Mellitus — 0.882 x
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platelets x 1.000/uL [155-219] — 2.233 x platelets x 1.000/uL [<155])
[5]. Previously reported cut-offs of <0.12 and >0.47 were used for the
diagnosis of the absence and presence of advanced liver fibrosis, respec-
tively; a score of >0.12 and <0.47 was considered indeterminate. Fibro-
sis-4 score was calculated from the formula [age (years) x AST (U/L)] /
[platelet count (x 10°/L) x ALT (U/L)»] [13]. Previously reported cut-
offs of <1.30 and >2.67 were used for the diagnosis of the absence and
presence of advanced liver fibrosis, respectively; a score of >1.30 and
<2.67 was considered indeterminate. The NAFLD fibrosis score was cal-
culated from the formula —1.675 + 0.037 x age (years) + 0.094 x BMI
(kg per m?) + 1.13 x impaired glucose tolerance or diabetes mellitus
(yes = 1,n0 = 0) + 0.99 x AST to ALT ratio — 0.013 x platelet (x 10°/
L) — 0.66 x albumin (g/dL) [14]. Previously reported cut-offs of <-1.455
and >0.675 were used for the diagnosis of the absence and presence of
advanced liver fibrosis, respectively; a score of >-1.455 and <0.675 was
considered indeterminate.

2.2. Liver biopsy and histological assessment

Ultrasonography—guided percutaneous liver biopsy was per-
formed by either one of two experienced operators (WKC, SM) using
18G Temno® II semi—automatic biopsy needle (Cardinal Health, Dub-
lin, OH). Liver biopsy specimens were processed using standard labo-
ratory procedures. Liver biopsy slides were stained with
haematoxylin and eosin stain and Masson’s trichrome stain. Liver
biopsy slides were examined by an experienced histopathologist
(NRNM) who was blinded to clinical data. NASH was defined as the
presence of steatosis, lobular inflammation and ballooning with or
without fibrosis. Histopathological findings were reported according
to the NASH Clinical Research Network Scoring System [15]. Fibrosis
stages 1a, 1b and 1c were considered stage 1 for the purpose of analy-
sis. Advanced liver fibrosis was defined as fibrosis stages >F3. The
experienced histopathologist (NRNM) in this study had an almost
perfect intra-observer agreement for fibrosis staging with Fleiss’
kappa (95% CI) of 0.926 (0.818 - 1.000) as reported in a separate study
that looked at intra- and inter-observer variability for fibrosis staging.
The inter-observer agreement with the other three pathologists in
the study was substantial to almost perfect with weighted kappa
(95% CI) of 0.776 (0.601 - 0.950), 0.794 (0.602 - 0.986) and 0.848
(0.692 - 1.000), respectively [16].

2.3. Transient elastography

Transient elastography was performed by either one of two
experienced operators (WKC, SM) using Fibroscan 502 Touch with
M probe (EchoSens, Paris, France) on all patients on the same day of
the liver biopsy procedure. Adequate pressure of the probe on the
skin surface, good layering on TM mode and a straight imaginary
line on A mode were ensured for each measurement. An examina-
tion was considered successful and reliable when there were at
least 10 valid measurements with interquartile range/median for
liver stiffness measurement <30% [17]. Liver stiffness measurement
<10 kPa and >15 kPa were used for the diagnosis of the absence
and presence of advanced liver fibrosis, respectively; liver stiffness
measurement >10 kPa and <15 kPa was considered indeterminate
[4]. In the two-step approach, patients with a Hepamet fibrosis
score >0.12, Fibrosis-4 score >1.30, or NAFLD fibrosis score >-1.455
were subjected to liver stiffness measurement for the diagnosis of
advanced liver fibrosis.

2.4. Statistical analysis
Data were analyzed using standard statistical software, SPSS 27

(IBM, New York, U.S.). Continuous variables were reported as mean +
standard deviation or median (interquartile range) and analyzed
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using t-test or Mann-Whitney test, as appropriate. Categorical varia-
bles were reported as percentages and analyzed using chi-square or
Fisher’s exact test, as appropriate. The performance of the Hepamet
fibrosis score, the Fibrosis-4 score and the NAFLD fibrosis score
for the diagnosis of advanced liver fibrosis was determined and
compared using the area under the receiver operating characteristics
curve  (AUROC). AUROC was interpreted as follows:
0.90-1.00 = excellent, 0.80—-0.90 = good, 0.70-0.80 = fair and
<0.70 = poor. The sensitivity, specificity, positive predictive value,
negative predictive value, misclassification rate and indeterminate
rate were determined for each of the fibrosis scores when used alone,
when used in a two-step approach and when used with liver stiffness
measurement for all patients. The Z score calculator for two propor-
tions was used for comparing two proportions. Significance was
assumed when p <0.05.

Table 1
Patient characteristics.
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2.5. Ethical statement

The clinical trial from which the data for this study came con-
formed to the ethical guidelines of the 1975 Declaration of Helsinki,
and approval was obtained from the University of Malaya Research
Ethics Committee (UMREC) prior to its commencement (Approval
Date: 25 May 2011; Reference No.: 853.1). All patients who partici-
pated in the clinical trial provided written informed consent.

3. Results
3.1. Patient characteristics

The data for 196 patients were analyzed. Patient characteristics
are presented in Table 1. The mean age of the study population was

Overall population,n=196  With advanced fibrosis, n = 31 Without advanced fibrosis, n = 165 p value

Age 50+ 11 58+6 48 + 11 <0.001
Male, n (%) 98 (50) 12(38.7) 86 (52.1) 0.171
Ethnicity

Malay, n (%) 111 (56.6) 12(38.7) 99 (60) 0.076

Chinese, n (%) 54 (27.6) 13 (41.9) 41(24.8)

Indian, n (%) 31(15.8) 6(19.4) 25(15.2)
History of type 2 diabetes, n (%) 90 (45.9) 25(80.6) 65 (39.4) <0.001
History of hypertension, n (%) 113 (57.7) 27 (87.1) 86 (52.1) <0.001
History of dyslipidemia, n (%) 156 (79.6) 29(93.5) 127 (77) 0.049
BMI, kg per m? 29.8 +4.5 308 +5.7 29.7 +43 0.292
Obesity, n (%) 169 (86.2) 27 (87.1) 142 (86.1) 1.000
Waist circumference, cm 98 +10 100 + 11 97 +£10 0.219
Central obesity, n (%) 183(93.4) 31(100) 152(92.1) 0.228
SBP, mmHg 139+ 17 138 +19 139+ 17 0.651
DBP, mmHg 86+ 13 83+10 86+ 13 0.109
Hypertension, n (%) 147 (75) 23(74.2) 124(75.2) 0.910
Fasting glucose, mmol/L 5.7(5.0-6.9) 6.8 (5.5-8.3) 5.6 (49 -6.6) <0.001
HbAlc, % 6.0 (5.5 —6.9) 6.9 (5.8 —7.5) 59(5.5-6.7) 0.007
Type 2 diabetes”, n (%) 102 (52.0) 25(80.6) 77 (46.7) <0.001
Elevated glycemia™, n (%) 126 (64.3) 27 (87.1) 99 (60.0) 0.004
Insulin, mIU/L 21.1(15.5-32.5) 25.6 (18.2 — 40.1) 20.1(14.7 - 31.9) 0.015
HOMA-IR 6.08 (3.87 — 9.38) 8.14(6.40 — 12.15) 5.31(3.63 — 8.84) <0.001
Triglycerides, mmol/L 1.6(1.2-20) 1.5(11-1.7) 1.6(1.3-20) 0.126
Elevated triglycerides, n (%) 84(42.9) 10(32.3) 74 (44.8) 0.194
Total cholesterol, mmol/L 49(4.2-5.6) 49(40-54) 49(43-5.7) 0.233
HDL cholesterol, mmol/L 12(1.0-1.3) 12(1.0-14) 12(1.0-1.3) 0.138
Low HDL cholesterol, n (%) 104 (53.1) 18(58.1) 86(52.1) 0.543
LDL cholesterol, mmol/L 29(24-36) 2.6(2.0-3.5) 3.0(24-3.7) 0.136
Metabolic syndrome, n (%) 174 (88.8) 30(96.8) 144 (87.3) 0.211
Albumin, g/L 43 (41 — 46) 42 (39 — 46) 43 (41 — 46) 0.049
Total bilirubin, pmol/L 11(8 - 15) 11(9-16) 11(8-15) 0.369
ALP, U/L 83 (66 — 96) 90 (74 — 104) 82 (66 — 96) 0.125
ALT, U/L 67 (44 — 105) 75 (47 — 110) 65 (44 — 103) 0.460
AST, U/L 39(29-61) 61 (36 —78) 37 (28 -54) <0.001
GGT, U/L 77 (41 — 125) 116 (79 - 171) 68 (40 — 111) <0.001
Platelet count, x 10°/L 278(232 —314) 225 (188 — 260) 283 (248 — 319) <0.001
Liver biopsy length, mm 15+4 15+3 15+4 0.324
Number of portal tracts, n (%) 8+3 10+£3 8+3 <0.001
NASH 133 (67.9) 29 (93.5) 104 (63) <0.001
Fibrosis stage <0.001

0,n (%) 68 (34.7) 0(0) 68 (41.2)

1,n(%) 82(41.8) 0(0) 82(49.7)

2,n (%) 15(7.7) 0(0) 15(9.1)

3,n(%) 25(12.8) 25(80.6) 0(0)

4,1 (%) 6(3.1) 6(19.4) 0(0)
Hepamet fibrosis score 0.10(0.04 — 0.21) 0.28(0.21 — 0.48) 0.06 (0.03 — 0.20) <0.001
Fibrosis-4 score 0.90 (0.60 — 1.29) 1.77 (1.29 - 2.13) 0.82(0.57 — 1.14) <0.001
NAFLD fibrosis score -2.105 (-3.075 — -1.161) -0.568 (-1.626 — 0.162) -2.271(-3.270 — -1.484) <0.001

* Type 2 diabetes was considered present when there was a self-reported history of type 2 diabetes, fasting glucose was >7.0mmol/L, HbAlc was

>6.5 %, or when the patient was on anti-diabetic agent.

** Elevated glycemia includes patients with impaired fasting glucose (fasting glucose >5.6 mmol/L) and patients with type 2 diabetes
BMI, body mass index; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALP, alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase; NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic

fatty liver disease.
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Sensitivity

AUROC 95% CI
= Hepamet fibrosis score  0.85 0.80-0.91
=== Fibrosis-4 score 0.89 0.83-0.95

,' - - - NAFLD fibrosis score 0.85 0.79 -0.92
00 =
00 02 04 06 08 10

1 - Specificity

Fig. 1. The receiver operating characteristics curve of the Hepamet fibrosis score,
Fibrosis-4 score and NAFLD fibrosis score for the diagnosis of advanced liver fibrosis.

Table 2
The distribution of patients in the different diagnostic groups using the Hepamet
fibrosis score, the Fibrosis-4 score and the NAFLD fibrosis score.

Hepamet fibrosis score  No advanced fibrosis ~ Advanced fibrosis ~ Total

<0.12 112 2 114
0.12 - 0.46 43 20 63
>0.47 10 9 19
Total 165 31 196

Fibrosis-4 score No advanced fibrosis ~ Advanced fibrosis ~ Total

<13 140 8 148
1.3-2.66 23 22 45
>2.67 2 1 3
Total 165 31 196

NAFLD fibrosis score No advanced fibrosis ~ Advanced fibrosis ~ Total

<-1.455 125 8 133
-1.455 - 0.675 39 21 60
>0.675 1 2 3
Total 165 31 196

50 + 11 years old, and the study population consisted of an equal
proportion of male and female patients. The majority of patients
were obese (86.2%), centrally obese (93.4%) and had metabolic

Table 3
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syndrome (88.8%). The proportion of patients with diabetes mellitus,
hypertension and dyslipidemia was 45.9%, 57.7% and 79.6%, respec-
tively. The mean length of the liver biopsy specimen was 15 + 4 mm,
while the mean number of portal tracts was 8 + 3. The proportion of
patients with NASH was 67.9%, while the proportion of patients with
advanced liver fibrosis was 15.8%.

3.2. Hepamet fibrosis score

The Hepamet fibrosis score was significantly higher among
patients with advanced liver fibrosis compared with patients without
advanced liver fibrosis [0.35 (0.21 — 0.48) vs. 0.13 (0.03 — 0.20), p
<0.001]. The Hepamet fibrosis score had good diagnostic accuracy for
advanced liver fibrosis with AUROC of 0.85 (95% CI, 0.80 — 0.91)
(Fig. 1). The distribution of patients in the different diagnostic groups
using the Hepamet fibrosis score, the Fibrosis-4 score and the NAFLD
fibrosis score are shown in Table 2. The Hepamet fibrosis score had a
sensitivity, specificity, positive predictive value and negative predic-
tive value of 81.8%, 91.8%, 47.4% and 98.2%, respectively. The propor-
tion of patients in the indeterminate range was 32.1%. The
misclassification rate was 6.1%. The proportion of patients with low
Hepamet fibrosis score who had advanced liver fibrosis was 1.8%,
while the proportion of patients with high Hepamet fibrosis score
who did not have advanced liver fibrosis was 52.6%.

3.3. Comparing the Hepamet fibrosis score and other scores for
advanced liver fibrosis

The Hepamet fibrosis score did not perform better than the Fibro-
sis-4 score or the NAFLD fibrosis score for the diagnosis of advanced
liver fibrosis, with the AUROC of the Fibrosis-4 score and the NAFLD
fibrosis score being 0.89 (95% CI, 0.83 — 0.95, p = 0.223) and 0.85 (95%
Cl, 0.79 — 0.92, p = 0.946), respectively (Fig. 1). The proportion of
patients in the indeterminate range was lower for the Fibrosis-4
score compared with the Hepamet fibrosis score (23% vs. 32.1%, p
<0.05). The proportion of patients in the indeterminate range was
not significantly different between the NAFLD fibrosis score and the
Hepamet fibrosis score (26% vs. 32.1%, p = 0.184). The misclassifica-
tion rates for the Fibrosis-4 score (5.1%) and the NAFLD fibrosis score
(4.6%) were not significantly different from the Hepamet fibrosis
score (6.1%) (p = 0.660 and p = 0.503, respectively). However, the sen-
sitivity of the Hepamet fibrosis score (81.8%) was significantly higher
compared with the Fibrosis-4 score (11.1%) and the NAFLD fibrosis
score (20%) (p <0.05 for both comparisons). The proportion of
patients with low Fibrosis-4 scores who had advanced liver fibrosis
was 5.4%, while the proportion of patients with high Fibrosis-4 scores

Sensitivity, specificity, positive predictive value, negative predictive value, misclassification rate and proportion of patients with indeterminate | discordants results
when using the Hepamet fibrosis score, Fibrosis-4 score and NAFLD fibrosis score alone, or in combination with liver stiffness measurement in a two-step approach or

both tests for all patients.

Sensitivity, Specificity, Positive predictive Negative predictive Misclassification rate, Indeterminate [ discordant
% (n/N) % (n/N) value, % (n/N) value, % (n/N) % (n/N) results, % (n/N)

HFS 81.8(9/11) 91.8(112/122) 47.4(9/19) 98.2(112/114) 6.1(12/196) 32.1(63/196)

FIB-4 11.1(1/9) 98.6 (140/142)  33.3(1/3) 94.6 (140/148) 5.1(10/196) 23.0(45/196)

NES 20.0(2/10)  99.2(125/126) 66.7 (2/3) 94.0(125/133) 4.6 (9/196) 30.6 (60/196)

Two-step approach with 70.6% (12/17) 98.6(143/145) 85.7 (12/14) 96.6 (143/148) 3.6(7/193) 16.1(31/193)

HFS and LSM
Two-step approach with ~ 60.0 (12/20) 100.0 (155/155) 100.0(12/12) 95.1(155/163) 4.1(8/193) 9.3(18/193)

FIB-4 and LSM

Two-step approach with ~ 45.0(9/20)  99.3(149/150) 90.0 (9/10)
NFS and LSM

Both HFS and LSM 75.0(12/16) 98.4(125/127) 85.7(12/14)

Both FIB-4 and LSM 75.0 (12/16) 100.0 (130/130) 100.0 (12/12)

Both NFS and LSM 69.2(9/13)  99.2(131/132) 90.0(9/10)

93.1(149/160) 6.2 (12/193) 11.9(23/193)

96.9 (125/129) 3.1(6/193) 25.9(50/193)
97.0(130/134) 2.1(4/193) 24.4(47/193)
97.0(131/135) 2.6(5/193) 24,9 (48/193)

HFS, Hepamet fibrosis score; FIB-4, Fibrosis-4 score; NFS, NAFLD fibrosis score; LSM, liver stiffness measurement.
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who did not have advanced liver fibrosis was 66.7%. These values
were 5.6% and 33.3%, respectively, for the NAFLD fibrosis score.

3.4. Combining the Hepamet fibrosis score and liver stiffness
measurement for assessment of advanced liver fibrosis

Three of the 196 patients were excluded from this analysis due to
failed or unreliable liver stiffness measurement. Using the two-step
approach reduced the proportion of patients with indeterminate results

Hepamet Fibros

Score

is
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(from 32.1% to 16.1%) and the misclassification rate (from 6.1% to 3.6%)
(Table 3 and Fig. 2). Using the Fibrosis-4 score and the NAFLD fibrosis
score to select patients for liver stiffness measurement similarly reduced
the proportion of patients with indeterminate results (from 23% to 9.3%
for the Fibrosis-4 score and from 30.6% to 11.9% for the NAFLD fibrosis
score) and the misclassification rate for the Fibrosis-4 score (from 5.1%
to 4.1%), but not for the NAFLD fibrosis score (from 4.6% to 6.2%) (Table 3,
Supplementary Fig. S1, and Supplementary Fig. S2). In contrast, using
both Hepamet fibrosis score and liver stiffness measurement in all

f_H r—%
0.12-047 >0.47
Liver sli‘ﬁ‘ncss Liver stiffness
1 1 ) 1 1 1
e N N e N\ A
<10 kPA 10-15kPA [zlSkPA] <10 kPA 10-15 kPA [ > 15kPA }
. J L J . VAN J
’ l N I N e | N ~
mf Indeterminate D'scorldanl Indeterminate
fibrosis results
No 112 31 10 2 7 3 0
advanced
fibrosis
Advanced | 2 3 8 6 0 3 6
fibrosis
Total 114 34 18 8 7 6 6
Two-step No advanced Advanced fibrosis Total
approach fibrosis
No advanced | 143 5 148
fibrosis
Indeterminate | 20 11 31
or discordant
results
Total 165 28 193

Fig. 2. Distribution of patients in the different diagnostic groups when using the two-step approach for the diagnosis of advanced liver fibrosis.
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Fig. 3. Distribution of patients in the different diagnostic groups when using the Hepamet fibrosis score and liver stiffness measurement for all patients for the diagnosis of

advanced liver fibrosis.

patients resulted in a greater proportion of patients with indeterminate
results (25.9%) due to discordant results among those with low Hepa-
met fibrosis scores (Table 3 and Fig. 3). This was similarly observed for
the Fibrosis-4 score and the NAFLD fibrosis score, with indeterminate
results at 24.4% and 24.9%, respectively (Table 3, Supplementary Fig. S3
and Supplementary Fig. S4).

4. Discussion

In this study on 196 patients with biopsy-proven NAFLD, we
found the Hepamet fibrosis score to have good accuracy for the

diagnosis of advanced liver fibrosis. This is consistent with the origi-
nal training and validation study by Ampuero and colleagues [5].
However, in contrast, the Hepamet fibrosis score was not found to
be superior to the Fibrosis-4 score and the NAFLD fibrosis score in
our study. Although the Hepamet fibrosis score had significantly
higher AUROC compared with the Fibrosis-4 score and the NAFLD
fibrosis score in both the training and validation cohorts in the study
by Ampuero and colleagues, there was significant overlap in the 95%
CI of the AUROCs of the different fibrosis scores from each of the
participating centres. In the only other external validation study,
Higuera-de-la-Tijera and colleagues similarly did not find a



S.-E. Chong, F. Chang, K.-H. Chuah et al.

significant difference in the accuracy of the Hepamet fibrosis score
for the diagnosis of advanced liver fibrosis compared with the Fibro-
sis-4 score and the NAFLD fibrosis [18]. The magnitude of difference
in the performance of the Hepamet fibrosis score for the diagnosis
of advanced liver fibrosis compared with other fibrosis scores is an
important consideration because it requires HOMA, which is not
routinely performed and requires additional cost, in its calculation.
A similar consideration has favored the Fibrosis-4 score over the
NAFLD fibrosis score for the diagnosis of advanced liver fibrosis as
the former requires a smaller number of variables that are more
readily available and performs as well as, if not better, compared
with the latter [4]. In a previous study, we found the MACK-3 [com-
bination of HOMA, AST and cytokeratin-18 (CK18)] to be a marker
of active NASH and hypothesized that it would perform better as a
marker of fibrotic NASH in populations with a greater proportion of
patients with both active NASH and significant liver fibrosis [19].
This may similarly underlie the difference in the performance of the
Hepamet fibrosis score in the different study populations, which
have a different proportion of patients with both active NASH and
advanced liver fibrosis. Another possible explanation is an ethnic
difference in HOMA [20], as our study population consisted of 72.4%
of patients of Malay or Indian ethnicity, which are completely
unrepresented in both earlier studies.

The high negative predictive value of the lower cut-off of fibrosis
scores has positioned them as an important screening tool since there
is a high prevalence of NAFLD in the general population but only a
small yet significant proportion of patients with advanced liver fibro-
sis. However, the low positive predictive value of the lower cut-off
necessitates additional tests, such as liver stiffness measurement, to
improve the diagnosis of advanced liver fibrosis. While this approach
has been tested with the Fibrosis-4 score and the NAFLD fibrosis
score previously [3,4], it has not been tested for the Hepamet fibrosis
score. In the current study, we found the use of the Hepamet fibrosis
score in a two-step approach with liver stiffness measurement to be
feasible, similar to the Fibrosis-4 score and the NAFLD fibrosis score.
Although the use of the Hepamet fibrosis score in the two-step
approach was associated with the highest proportion of patients
with indeterminate results at 16.1%, it had the lowest misclassifica-
tion rate at 3.6%. A lower misclassification rate may be arguably more
important than the proportion of indeterminate results (within
acceptable limits) as patients with indeterminate results may be con-
sidered as having increased risk and be followed, whereby those
with disease progression over time would be eventually diagnosed.
On the other hand, misclassification may lead to a false sense of secu-
rity and missed opportunity for intervention on one end and anxiety
and unnecessary downstream management on the other.

Despite our best effort, this study has several limitations. First, the
use of liver biopsy as a reference test is inherently limited by sam-
pling variability [21] and observer variability [16,22]. The fibrosis
stage has been shown to differ by 1-2 stages between two liver biop-
sies taken from the same patient in 45.1% of cases [21]. On the other
hand, there is only moderate agreement in fibrosis staging between
two independent pathologists, with a discrepancy rate of 68.7% [22].
The discrepancy rate in fibrosis staging was 40.8% in another study
that included four independent pathologists [16]. Nevertheless, liver
biopsy remains the reference test for the evaluation of a diagnostic
test for liver fibrosis. Although none of the liver biopsy specimens
were deemed inadequate for assessment by our pathologist, the
mean length of the liver biopsy specimen and the number of portal
tracts in our study did fall short of the recommended international
standards, which may have affected the interpretation of diagnostic
accuracy in our study [23]. Secondly, the patients included in this
study, as in most studies on a diagnostic test for NAFLD, were NAFLD
patients in a tertiary centre who underwent a liver biopsy. Therefore,
the patients are likely to have more severe liver disease and the find-
ings of this study may not be representative of NAFLD patients in the
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general population. However, it is likely that the fibrosis scores will
have even better negative predictive value for advanced liver fibrosis
for NAFLD patients in the general population. Lastly, the term meta-
bolic dysfunction-associated fatty liver disease (MAFLD) was not yet
introduced at the time data for this study was collected and has
therefore not been included. However, all patients in this study ful-
filled the criteria for MAFLD.

5. Conclusions

In conclusion, our study provides further external validation of
the good diagnostic performance of the Hepamet fibrosis score in a
population that was largely unrepresented in earlier work. Although
the Hepamet fibrosis score was not found to be better than the Fibro-
sis-4 score and the NAFLD fibrosis score, we demonstrated its high
negative predictive value and utility in a two-step approach with
liver stiffness measurement for the diagnosis of advanced liver fibro-
sis. Furthermore, the Hepamet fibrosis score had the lowest misclas-
sification rate when used in a two-step approach with liver stiffness
measurement compared with the Fibrosis-4 score and the NAFLD
fibrosis score.
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