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Supporting Methods

According to the manufacturer, probe selection should be driven by skin-to-liver capsule distance
(SCD): M probe for SCD < 25 mm and XL probe for 25 mm < SCD < 35 mm. In the latest version of the
FibroScan equipment this is done by the Automatic Probe Selection tool. Some investigators have
suggested that BMI may be used as a surrogate of SCD, using the M probe if BMI < 30 kg/m? and XL
probe if BMI > 30 kg/m? (28).

For this meta-analysis, if only one VCTE-based liver stiffness measurement was available then this
was included in the main analysis irrespective of probe type and BMI. Where two VCTE-based LSM
were available (one with each probe), the main analysis included the M-probe measurement for BMI
< 30 kg/m? and the XL probe measurement for BMI > 30 kg/m?2. Therefore, all LSM cut-offs were

determined independent of probe type.

We further conducted sensitivity analysis to investigate the influence of probe selection by excluding
patients with BMI > 30 kg/m? who had a measurement with the M probe and patients with BMI < 30

kg/m? who had measurement with the XL probe.
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Supporting Discussion

Rationale for proposing new NIT combinations with higher cut-offs for diagnosis of

cirrhosis
Up until now, the literature has focused on the application of non-invasive tests in screening

strategies for advanced fibrosis (F3-4). These strategies are useful when applied at the interface of
primary and secondary care. Patients assessed using these strategies are classified as low risk, high
risk or indeterminate risk of having advanced fibrosis, based on which clinical decisions are made:
those with low risk continue to be managed in primary care, those with high risk are referred to
secondary care and those with indeterminate risk undergo liver biopsy to determine their risk

category.

What is lacking from the literature and what we have tried to answer with our analysis is what
happens to patients with high risk of advanced fibrosis that are referred to secondary care. Our view
is that they remain an indeterminate group as they can have either F3 or F4 fibrosis stage. Therefore,
to distinguish between F3 and cirrhosis (F4) they still need to undergo liver biopsy, as those with
liver cirrhosis would be managed differently (ultrasound surveillance for HCC and screening for
oesophageal varices is generally indicated in patients with cirrhosis, but not those with F3 fibrosis
stage). The identification of patients with cirrhosis would also be important as potential treatments
for NASH may be licenced exclusively for patients with or without cirrhosis. We therefore argue that
in practice, both the indeterminate and high-risk groups need to have a liver biopsy to establish their
disease stage. In the case of those in the indeterminate category, the biopsy is needed to decide
whether they merit referral to secondary care, and in the case of those with high risk of advanced
fibrosis a biopsy is needed in secondary care to identify those with cirrhosis. We illustrate this point
in Supporting Figure 1a and in Figure 3a, we also show how the FIB4-VCTE combination performs in

our cohort.

Our answer to the problem above is a hybrid algorithm, where the lower NIT cut-offs are used to

rule out advanced fibrosis, and the upper cut-offs are used to rule in cirrhosis. We provide cut-offs

Mozes FE, et al. Gut 2022; 71:1-14. doi: 10.1136/gutjnl-2021-324243



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

with 95% and 98% specificity for the diagnosis of cirrhosis. This approach still stratifies patents into 3
risk groups — those with low risk of advanced fibrosis remaining in primary care, those in the
indeterminate group needing a biopsy and those with high risk for cirrhosis. We argue that the group
with high risk for cirrhosis can be positively diagnosed with cirrhosis without needing to have a
biopsy. The net effect is that even though the indeterminate group is larger, fewer patients need to
have a biopsy overall. This new approach is illustrated in Supporting Figure 1b, with results from our

cohort given in Figures 3b and 3c.
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Supporting Tables

Supporting Table 1 Definitions of NITs evaluated in the current meta-analysis.

NIT Definition
LSM by  An ultrasound probe that can also generate shear waves is placed over the right liver
VCTE lobe. A low frequency shear wave is then generated by the external vibrator located

in the probe, and ultrasound is used to measure the velocity of this shear wave
through the liver. This velocity is directly related to liver stiffness.
FIB-4 Age [years] x AST [IU/L] / (platelets [x 10°/L] x (ALT [U/L])?)

NFS -1.675 + 0.037 x age [years] + 0.094 x BMI [kg/m?] + 1.13 x IFG/diabetes [yes = 1, no
= 0] + 0.99 x AST/ALT ratio — 0.013 x platelet [x 10°/L] — 0.66 x albumin [g/dL]

AST/ALT AST [IU/L] / ALT [IU/L]

APRI AST [IU/L] / AST ULN [IU/L] / platelet [x 10%/L]

Abbreviations: LSM — liver stiffness measurement; VCTE — vibration-controlled transient elastography; FIB-4 — Fibrosis-4
score; NFS — NAFLD fibrosis score; AST/ALT — AST to ALT ratio; APRI — AST to platelet ratio index; ULN — upper limit of
normal; IU — international unit; IFG — impaired fasting glucose
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Supporting Table 2 Non-invasive test cut-offs to rule-in and rule-out advanced fibrosis in patients with NAFLD

Study ID Rule out cut- Rule-in
off cut-off

Vibration controlled transient elastography
Studies testing pre-defined cut-offs (kPa)

Anstee 2019 (1) <9.0 >11.4
Wong 2019 (2), Papatheodoridi 2021 (ref) <10.0 >15.07
Petta 2019 (3), Boursier 2019 (4), Petta 2017 (5) <7.9 >9.6*
Cut-offs identified from other primary studies (kPa)

Tapper 2016 (6) <79 >9.8
Eddowes 2019 (7) <71 >14.1
Hsu 2019 (8) <5.9 >13.4
Cassinotto 2016 (9) <8.2 >12.5
Papatheodoridi 2021 (ref)

FIB-4

Studies testing pre-defined cut-offs

Anstee 2019 (1), Xun 2012 (10), Petta 2019 (3) <1.30 >2.67%
Vilar-Gomez 2018 (11), Sun 2016 (12), McPherson 2010 (13), <1.30 >3.25
Srivastava 2019 (14)

Demir 2013 (15) <145 >3.25
Cut-offs from other primary studies

Siddiqui 2019 (16) <1.02 >1.95

NAFLD Fibrosis score

Studies testing pre-defined cut-offs

Antsee 2019 (1), Tapper 2016 (6), Vilar-Gomez 2018 (11), Sun 2016 <-1.455 >0.676%
(12), McPherson 2010 (13), Xun 2012 (10), Demir 2013 (15), Petta

2014 (17), Dowman 2011 (18), Petta 2019 (3), Fowell 2020 (19)

Abased on BavenoVI (20), *based on Wong (21), #from Shah 2009 (22), *from Angulo 2007 (23)
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Supporting Table 3 Data fields requested from the authors of primary studies of LSM by VCTE

Proportion of

S Field Units or possible patients in
values whom
reported, %
Name of first author - 100.0
. Year of publication - 100.0
Study details Country i 100.0
Centre -
Gender M/F 100.0
Age years 99.9
Ethnicity - 38.6
Height m 92.4
Weight kg 94.9
. Waist circumference cm 72.3
Demographic and L
anthropometric details Hip C|.rcumference cm 218
Smoking Current/Ex/Never 10.0
Presence of type 2 Yes/No 86.4
diabetes mellitus
Presence of hypertension  Yes/No 48.8
Presence of Yes/No 26.0
hyperlipidaemia
Platelet count x10°%/I 98.2
INR - 354
Bilirubin pumol/I 55.5
ALT IU/L 97.2
AST IU/L 96.2
ALP IU/L 48.3
GGT IU/L 82.2
Albumin g/l 67.2
Sodium mmol/| 6.7
Laboratory data Urea mmol/I 13.7
Creatine umol/I 22.2
Total cholesterol mmol/I 62.8
LDL cholesterol mmol/| 32.8
HDL cholesterol mmol/| 77.6
Triglycerides mmol/I 79.3
CRP mg/I 7.9
Fasting glucose mmol/I 73.0
Fasting insulin muU/L 18.0
HOMA-IR - 16.8
Date of biopsy - 67.0
Length of biopsy sample mm 70.6
Number of portal tracts - 324
Biopsy data Fibrosis stage 0-4 100.0
Ballooning 0-2 63.7
Lobular inflammation 0-3 64.2
Steatosis 0-3 71.5
NAS score 0-8 82.9
Date of scan - 68.9
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Transient elastography
details

Time between biopsy
and scan

Probe type

Number of valid shots
Median stiffness

IQR

IQR/median

Success rate

days
M/XL

kPa
kPa

%

79.3

91.9
59.4
95.7
83.4
83.0
77.8
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Supporting Table 4 Demographic, biopsy, liver function test and NIT details of the entire cohort and broken down by fibrosis stage

Entire cohort FO F1 F2 F3 F4
(n=5735) (n=1138) (n=1613) (n=1262) (n=1101) (n=621)

Females (%) 45 43 44 43 47 50
(E;V)” >30 ke/m? 47 33 45 56 55 51
Waist
circumference 103 (15) 99 (16) 101 (15) 106 (14) 106 (14) 106 (15)
(cm)
Diabetes (%) 38 28 33 45 62 65
Age (years)” 54 (19) 48 (17) 50 (20) 53 (19) 59 (15) 60 (12)
BMI (kg/m?)* 30(7) 28 (7) 29 (7) 31(7) 31(7) 30(7)
Biopsy data
Steatosis
S0/S1/52/S3 (%) 3/35/36/26 8/45/30/17 2/35/37/26 1/28/39/32 1/28/39/32 3/38/37/22
Ballooning
B0O/B1/B2 (%) 24/47/29 53/37/10 26/55/19 11/53/36 10/43/47 10/46/44
Inflammation
10/11/12/13 (%) 13/60/24/3 3/60/9/4 13/65/21/1 6/60/31/3 5/53/36/6 8/57/29/6
NAS score* 4(2) 3(2) 4(2) 4(1) 5(1) 4(2)
NASH (%) 50 19 46 64 71 61
Liver function tests
ALT (IU/L) " 55 (48) 46 (39) 54 (50) 59 (52) 63 (50) 55 (43)
AST (1U/L)* 40 (30) 31(19) 36 (27) 41 (28) 49 (32) 53 (39)
Platelets (x10°%/1)* 230 (72) 247 (64) 243 (69) 232 (66) 217 (69) 184 (81)
Albumin (g/1)* 43 (9) 43 (8) 43 (7) 43 (5) 43 (6) 43 (20)
GGT (IU/L)" 69 (87) 59 (85) 61 (75) 63 (74) 82 (88) 104 (169)
Total cholesterol
(mmol/l)* 5.1(1.3) 5.2 (1.3) 5.1(1.2) 5.2 (1.4) 49(1.2) 4.6 (1.3)
HDL cholesterol
(mmol/l)* 1.2 (0.5) 1.3 (0.5) 1.3 (0.5) 1.2 (0.5) 1.2 (0.4) 1.2 (0.5)
Triglycerides
(mmol/l)* 1.6(1.1) 1.4 (1.0) 1.6 (1.1) 1.6 (1.0) 1.6(1.1) 1.5 (1.0)
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Fasting glucose
(mmol/l)° 5.6 (2.0) 5.3(1.2) 5.4 (1.8) 5.6 (1.7) 6.3 (2.9) 6.4 (2.8)
Non-invasive tests
LSM (kPa)” 10.7 (6.1) 5.7 (2.5) 6.7 (3.4) 7.9 (4.3) 11.3(6.9) 20.9 (16.8)
AST/ALT" 0.8 (0.4) 0.7 (0.4) 0.7 (0.4) 0.7 (0.4) 0.8 (0.4) 0.9 (0.6)
FIB-4* 1.7 (1.2) 1.1 (0.7) 1.3(1.2) 1.5 (1.1) 2.1(1.6) 3.3(2.9)
NFS” -1.5(1.7) -2.3(2.0) -2.0(2.2) -1.4 (2.2) -0.8 (1.8) 0.0 (1.8)
APRI" 0.6 (0.4) 0.3 (0.3) 0.4 (0.3) 0.5 (0.4) 0.6 (0.5) 0.8 (0.8)

*Data are reported as median (IQR); *Data are reported as mean (SD).
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Supporting Table 5 Details of biopsy and biopsy quality in the entire IPD cohort.

Biopsy details Entire cohort Advanced fibrosis Cirrhosis
(n=5735) (n=1722) (n=621)

Time between liver biopsy and LSM by VCTE

Patients with reported exact time period, % 79 (4549/5735) 80(1371/1722) 76 (474/621)

Median (IQR) (days) 0(14) 0(9) 1(26)
Length of biopsy sample

Patients with reported length of biopsy, % 71 (4047/5735) 80(1369/1722) 80 (495/621)

<10 mm, % 3 (123/4047) 3 (42/1369) 5 (25/495)

>10 mm and <20 mm, % 35 (1432/4047) 33 (450/1369) 35 (172/495)

>20mm, % 62 (2492/4047) 64 (877/1369) 60 (298/495)
Number of portal tracts in biopsy sample

Patients with reported portal tracts % 32 (1857/5735) 32 (544/1722) 26 (159/621)

<11,% 54 (1006/1857) 42 (228/544) 47 (74/159)

>11,% 46 (851/1857) 58 (316/544) 54 (85/159)
Patients with both portal tracts and biopsy length reported, % 32 (1854/5735) 32 (543/1722) 26 (159/621)
Biopsy quality

Intermediate quality (length > 10 mm and < 20 mm), % 46 (849/1854) 41 (220/543) 39 (62/159)

High quality (length > 20 mm and > 11 portal tracts), % 36 (670/1854) 45 (246/543) 39 (62/159)

Data are reported as percentage (number of patient satisfying conditions/total number of patients in subgroup)
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Supporting Table 6 Diagnostic performance of non-invasive tests for cirrhosis (F4)

NFS (n = 3248)

LSM by VCTE (n = 5489) FIB-4 (n = 5393)
Cirrhosis, % 11 11
AUC 0.90 (.89-0.91) 0.80 (0.78-0.82)
Threshold 10.4 <10.2 >14.9 1.55 <1.13 >2.66
Sensitivity, 89 90 67 77 90 44
% (86-91)  (8-92)  (64-70)  (72-80)  (87-92)  (40-48)
Specificity, 75 74 90 67 48 90
% (74-76)  (72-75)  (89-90)  (65-68)  (46-49)  (89-90)
Misclassified 23 24 12 32 48 15
. % (23-24)  (24-25)  (12-13)  (32-33)  (47-49)  (14-15)

0.77 (0.75-0.80)

APRI (n =5477) AST/ALT ratio (n = 5434)
11 11
0.72 (0.70-0.74) 0.69 (0.67-0.71)
<0.30 >1.04 0.82 <058  »135
90 35 64 90 24
(87-92)  (31-39)  (59-67)  (87-92)  (20-28)
28 90 66 33 90
(26-28)  (89-90)  (64-67)  (31-33)  (89-90)
66 16 34 61 17

(65-66) (15-16) (34-35) (61-62)  (16-17)

For each non-invasive test thresholds were calculated according to Youden’s index (YI), and fixed at 90% sensitivity (90% Se) and 90% specificity (90% Sp). 95% confidence intervals were

estimated with 500 bootstrap iterations.
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Supporting Table 7 Diagnostic performance of non-invasive tests for advanced fibrosis (F3-4) in a head-to-head comparison of NITs

LSM by VCTE FIB-4 NFS
(n =3248) (n =3248) (n =3248)
Advanced fibrosis, % 29 29 29
AUC 0.86 (0.85-0.88) 0.75 (0.73-0.77) 0.73 (0.71-0.75)
Y 90% Se 90% Sp Y 90% Se 90% Sp Y 90% Se 90% Sp
Threshold 9.1 7.2 11.8 1.45 0.87 2.39 -1.39 -2.55 0.28
Sensitivity, % 77 90 59 69 90 36 75 90 29
! (74-80) (89-92) (57-63) (66-72) (88-92) (33-39) (72-78) (88-92) (26-32)
Specificity, % 81 61 90 69 38 90 63 36 90
! (79-82) (59-63) (89-92) (67-71) (36-39) (89-91) (61-65) (33-37) (89-91)
Misclassified. % 21 31 18 31 47 25 34 48 28
’ (19-22) (29-32) (17-20) (29-32) (46-49) (24-27) (34-36) (49-50) (28-29)
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Supporting Table 8 Diagnostic performance of non-invasive tests for cirrhosis (F4) in a head-to-head comparison of NITs

LSM by VCTE FIB-4 NFS
(n =3094) (n=3094) (n=3094)
Cirrhosis, % 11 11 11
AUC 0.91 (0.89-0.92) 0.78 (0.76-0.81) 0.77 (0.75-0.80)
YI 90% Se 90% Sp YI 90% Se 90% Sp Y 90% Se 90% Sp
Threshold 10.3 9.7 14.4 1.35 1.08 2.76 -1.11 -1.93 0.46
Sensitivity, % 89 90 68 83 90 42 81 90 35
! (86-92) (87-93) (63-72) (79-87) (87-93) (37-47) (77-86) (87-93) (29-40)
Specificity, % 78 74 91 59 45 90 64 45 90
! (76-79) (73-76) (90-92) (57-61) (43-47) (89-91) (62-66) (43-47) (89-91)
Misclassified. % 21 24 12 39 50 15 34 50 16
’ (20-22) (22-25) (10-13) (37-40) (48-52) (14-16) (33-36) (49-52) (15-17)
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Supporting Table 9 Diagnostic performance of cut-offs from the literature for LSM by VCTE, FIB-4 and NFS for diagnosing advanced fibrosis.

LSM by VCTE FIB-4
(n = 5489) (n=5393) (n = 3248)
Source Anstee 2019 (30) Eddowes 2019 (31) Wong 2019 (71) Wong 2010 (21) Shah 2009 (78) Mcphe(;s;’)" 2010 Angulo 2007 (17)
Thresholds <9.9 >11.4 <71 >14.1 <10 >15 <79 9.6 <13 2.67 <13 2325 <1455  20.676
. 72 61 91 46 71 41 86 73 74 30 74 20 76 22
Sensitivity, %
(71-75)  (60-64)  (90-93)  (44-49)  (70-74)  (39-44)  (86-89)  (71-76)  (72-76)  (28-32)  (72-76)  (18-22)  (73-78)  (19-24)
- 82 87 58 94 82 95 68 81 64 94 64 9% 61 94
Specificity, %
(80-83)  (86-88)  (55-58)  (93-94)  (81-83)  (94-96)  (65-68)  (79-81)  (63-66)  (93-94)  (63-66) (96-97)  (60-64)  (93-95)
o 21 21 32 20 21 21 27 21 33 25 33 27 35 28
Misclassified, %
(21-22)  (20-22)  (32-34)  (20-21)  (21-22)  (21-22)  (27-29)  (21-23)  (33-34)  (25-26)  (33-34) (26-27)  (34-36)  (27-28)

95% confidence intervals were estimated with 500 bootstrap iterations
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Supporting Table 10 Indicative PPV, NPV, false positive and false negative proportions for prevalences found in primary
studies for the diagnostic performance of VCTE in identifying advanced fibrosis

Se, 95% Sp, 95% Prevalence, PPV, NPV,

* *
chtct % % % % % % % FP FN
7.4 kPa 90 8991 60 5961 5 11 99 38 1

10 20 98 36 1
20 36 9% 32 2
30 49 93 28 3
40 60 90 2 4
50 69 86 20 5
9.1 kPa 77 7579 78 7679 5 16 98 21 1
10 28 97 20 2
20 47 93 18 5
30 60 89 15 7
40 70 84 13 9
50 78 77 11 12
121kPa 55 5257 90 8991 5 22 97 10 2
10 38 95 9 5
20 58 89 8 9
30 70 82 7 14
40 79 75 6 18
50 85 67 5 23
<74kPa, 84 8187 8/ 8588 5 25 99 12 1
>12.1 kPa 10 42 98 12 2
20 62 9% 10 3
30 73 93 9 5
40 81 89 8 6
50 87 84 7 8
<99kPa, 69 6771 8 8588 5 21 98 13 2
>11.4 kPa 10 35 9% 13 3
(Anstee 20 55 92 11 6
2019) 30 68 87 10 9
40 77 81 8 12
50 83 74 7 16
<7.1,>141 83 8086 90 8892 5 30 99 10 1
(Eddowes 10 48 98 9 2
2019) 20 67 95 8 3
30 78 93 7 5
40 85 89 6 7
50 89 84 5 9
<10,>15 59 5761 94 9396 5 34 98 6 2
(Wong 10 52 95 5 4
2019) 20 71 90 5 8
30 81 84 4 12
40 87 77 4 16
50 91 70 3 21
<79,296 84 8287 78 7680 5 17 99 21 1
(Wong 10 30 98 20 2
2010) 20 49 95 18 3
30 62 92 15 5
40 72 88 13 6
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50 79 83 11 8
*Number of false positives and false negatives for 100 hypothetical cases; Values in bold face
correspond to the proportion of patients with advanced fibrosis in the IPDMA cohort
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Supporting Table 11 Indicative PPV, NPV, false positive and false negative proportions for prevalences found in primary
studies for the diagnostic performance of FIB-4 in identifying advanced fibrosis

Se, 95% Sp, 95% Prevalence, PPV, NPV,

* *
chtct % % % % % % % FP FN
0.88 90 8891 39 3740 5 7 99 58 1

10 14 97 55 1
20 27 94 49 2
30 39 90 43 3
40 50 85 37 4
50 60 80 31 5
1.44 69 6772 70 6972 5 11 98 29 2
10 20 95 27 3
20 37 90 24 6
30 50 84 21 9
40 61 77 18 12
50 70 69 15 16
231 38 3641 90 8991 5 17 97 10 3
10 30 93 9 6
20 49 85 8 12
30 62 77 7 19
40 72 69 6 25
50 79 59 5 31
<13,22.67 54 5256 91 8992 5 24 97 9 2
(Shah 2009) 10 40 95 8 5
20 60 89 7 9
30 72 82 6 14
40 80 75 5 18
50 86 66 5 23
<13,>325 44 4246 95 9396 5 32 97 5 3
(McPherson 10 49 94 5 6
2010) 20 69 87 4 11
30 79 80 4 17
40 85 72 3 22
50 90 63 3 28

*Number of false positives and false negatives for 100 hypothetical cases; Values in bold face
correspond to the proportion of patients with advanced fibrosis in the IPDMA cohort

Mozes FE, et al. Gut 2022; 71:1-14. doi: 10.1136/gutjnl-2021-324243



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

Supporting Table 12 Indicative PPV, NPV, false positive and false negative proportions for prevalences found in primary
studies for the diagnostic performance of NFS in identifying advanced fibrosis

Se, 95% Sp, 95% Prevalence, PPV, NPV,

* *
chtct % % % % % % % FP FN
2.55 90 8892 36 3337 5 7 99 61 1

10 14 97 58 1
20 26 94 51 2
30 38 89 45 3
40 48 84 38 4
50 58 78 32 5
139 75 7278 63 6165 5 10 98 35 1
10 18 9% 33 3
20 34 91 30 5
30 46 85 2% 8
40 57 79 22 10
50 67 72 19 13
0.28 29 2632 90 8991 5 13 9% 10 4
10 24 92 9 7
20 42 84 8 14
30 55 75 7 21
40 66 66 6 28
50 74 56 5 36
<-1.455, 47 4450 91 8993 5 22 97 9 3
>0.676 10 37 94 8 5
(Angulo 20 57 87 7 11
2007) 30 69 80 6 16
40 78 72 5 21
50 84 63 5 27

*Number of false positives and false negatives for 100 hypothetical cases; Values in bold face
correspond to the proportion of patients with advanced fibrosis in the IPDMA cohort
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Supporting Table 13 Indicative PPV, NPV, false positive and false negative proportions for prevalences found in primary
studies for the diagnostic performance of APRI in identifying advanced fibrosis

Se, 95% Sp, 95% Prevalence, PPV, NPV,

* *
chtct % % % % % % % FP FN
0.29 90 8992 29 2830 5 6 98 67 1

10 12 96 64 1
20 24 92 57 2
30 35 87 50 3
40 46 81 43 4
50 56 74 36 5
0.49 67 6469 63 6265 5 9 97 35 2
10 17 95 33 3
20 31 88 30 7
30 44 82 26 10
40 55 74 22 13
50 64 66 19 17
0.91 32 3034 90 8991 5 14 96 10 3
10 26 92 9 7
20 44 84 8 14
30 58 76 7 20
40 68 67 6 27
50 76 57 5 34

*Number of false positives and false negatives for 100 hypothetical cases; Values in bold face
correspond to the proportion of patients with advanced fibrosis in the IPDMA cohort
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Supporting Table 14 Indicative PPV, NPV, false positive and false negative proportions for prevalences found in primary
studies for the diagnostic performance of AST/ALT in identifying advanced fibrosis

Se, 95% Sp, 95% Prevalence, PPV, NPV,

* *
chtct % % % % % % % FP FN
0.51 90 8791 25 2326 5 6 98 71 1

10 12 96 68 1
20 23 91 60 2
30 34 85 53 3
40 44 79 45 4
50 55 71 38 5
0.64 75 7377 47 4548 5 7 97 50 1
10 14 94 48 3
20 26 88 42 5
30 38 81 37 8
40 49 74 32 10
50 59 65 27 13
1.34 16 1418 90 8991 5 8 95 10 4
10 15 91 9 8
20 29 81 8 17
30 a1 71 7 25
40 52 62 6 34
50 62 52 5 42

*Number of false positives and false negatives for 100 hypothetical cases; Values in bold face
correspond to the proportion of patients with advanced fibrosis in the IPDMA cohort
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Supporting Table 15 Diagnostic accuracy of pairs of cut-offs from the literature for NITs for diagnosing advanced fibrosis. Patient proportions used to calculate performance statistics are
displayed as ratios.

LSM by VCTE FIB-4 NFS
(n =5489) (n=5393) (n=3248)
Prevalence, % 30 30 29
AUROC 0.85 (0.84-0.86) 0.76 (0.74-0.77) 0.73 (0.71-0.75)
Source of Anstee 2019  Eddowes 2019 Wong 2019 Wong 2010 Shah 2009 McPherson Angulo 2007
This stud This stud This stud
thresholds (1) (7) 2) (21) Y (22) 2010 (13) Y (23) Y
Thresholds <9.9,211.4 <7.1,214.1 <10, 215 <7.9,29.6 <7.4,212.1 <1.3, 22.67 <1.3,23.25 <0.88, 22.31 <>-(1Jgggl <-2.55, 20.28
S itivity. % 69 83 59 84 84 54 44 80 47 74
ensitivity,
¥, % (1009/1456) (754/905) (674/1145) (1205/1431) (889/1060) (485/901) (328/744) (621/780) (202/429) (270/363)
Specificity. % 86 90 94 78 87 91 95 79 91 78
P Y, % (3147/3639) (2216/2457) (3165/3351) (2599/3330) (2338/2702) (2423/2668) (2423/2563) (1448/1831) (1423/1562) (821/1050)
. . 17 7 12 17 10 12 10 10 11 10
Misclassified, %
(948/5489) (392/5489) (657/5489) (957/5489) (535/5489) (661/5393) (556/5393) (542/5393) (366/3248) (322/3248)
Indeterminate, 7 39 18 13 31 34 39 52 39 56
% (385/5489) (2127/5489) (993/5489) (728/5489)  (1727/5489)  (1824/5393)  (2086/5393)  (2782/5393)  (1257/3248)  (1835/3248)

95% confidence intervals were estimated with 500 bootstrap replicates.
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Supporting Table 16 Derivation of new cut-offs corresponding to 95% specificity for cirrhosis. The cut-offs were calculated in the training cohort and were validated in the validation cohort.
Training and validation cohorts were obtained by random sampling from the IPD cohort in a 3:2 ratio.

LSM by VCTE FIB-4 NFS
(n = 5489) (n =5393) (n = 3248)

Training Validation Training Validation Training Validation

(n =3290) (n=2199) (n =3254) (n=2139) (n=1963) (n=1285)
Proportion of
patients with 11 10 11 11 10 11
cirrhosis, %
AuUC 0.90 (0.89-0.92) 0.90 (0.88-0.92) 0.81(0.78-0.83) 0.79 (0.77-0.82) 0.78 (0.75-0.81) 0.77 (0.72-0.81)
Threshold 20.4 3.48 1.01
Sensitivity, % 52 (47-57) 49 (43-56) 33 (28-37) 30 (24-36) 21 (16-27) 28 (21-36)
Specificity, % 95 (95-96) 95 (95-97) 95 (94-96) 96 (95-97) 95 (94-96) 95 (94-96)
Misclassified, % 10 (10-11) 9 (9-10) 12 (12-13) 11 (11-12) 13 (13-14) 13 (13-14)

95% confidence intervals were estimated with 500 bootstrap replicates.
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Supporting Table 17 Derivation of new cut-offs corresponding to 98% specificity for cirrhosis. The cut-offs were calculated in the training cohort and were validated in the validation cohort.
Training and validation cohorts were obtained by random sampling from the IPD cohort in a 3:2 ratio.

LSM by VCTE FIB-4 NFS
(n = 5489) (n =5393) (n = 3248)

Training Validation Training Validation Training Validation

(n =3290) (n=2199) (n=3254) (n=2139) (n=1963) (n=1285)
Proportion of
patients with 11 10 11 11 10 11
cirrhosis, %
AuUC 0.90 (0.89-0.92) 0.90 (0.88-0.92) 0.81(0.78-0.83) 0.79 (0.77-0.82) 0.78 (0.75-0.81) 0.77 (0.72-0.81)
Threshold 27.6 4.63 1.57
Sensitivity, % 27 (23-32) 29 (22-34) 19 (15-23) 20 (15-26) 12 (8-17) 18 (13-27)
Specificity, % 98 (98-99) 98 (98-99) 98 (97-98) 98 (97-99) 98 (97-99) 98 (97-99)
Misclassified, % 10 (10-11) 9 (9-10) 10 (10-11) 10 (10-11) 11 (11-12) 11 (11-12)

95% confidence intervals were estimated with 500 bootstrap replicates.
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Supporting Table 18 Diagnostic performance of combinations of NFS and LSM by VCTE, and FIB-4 and LSM by VCTE tests to reduce need for liver biopsies

FIB-4 & NFS & FIB-4 & FIB-4&LSM  NFS & LSM FIB-4&LSM  NFS & LSM
LSM by LSMby  LSMby N;S 3CLTSEM by VCTE by VCTE F||;-4\<,s;:M NES SCLTSEM by VCTE by VCTE
VCTE VCTE VCTE (n‘[ 3004y (N=5159)  (n=3090) (n‘[ e (n‘[ 3004y (0=5159)  (n=3090)
(n=5159) (n=3094) (n=5159) - - -
Prevalence, % 30 28 30 28 30 28 30 28 30 28
Threshold for blood- < 1.3, > <1455, <13, <-1.455,> <-1.455,> <-1.455, > <-1.455,>
> > >
based NIT’ 3.48 >1.010 348 1.010 <13,23.48 1.010 <13,24.63 1.570 <13,24.63 1.570
Threshold for VCTE, <792 <792 <792 <792
> > > > > >
Pa" e Ter o Sos <80,2200 <80,220.0 <7.9,227.6 <7.9,227.6 <80,2280 <8.0,228.0
Sensitivity, % 41 (40-43) i;)(ag- 38(37-40) 37(35-38)  38(37-39)  36(34-38)  28(27-29)  25(24-26)  27(26-28) 24 (23-25)
Specificity, % 88 (86-89) 22)(87- 90(89-91) 90(89-92)  90(89-91)  90(89-92)  95(94-97)  96(95-98)  96(94-97) 96 (95-98)
PPV, % 45 (43-47) ig)(“' 48 (45-50) 46 (43-49) 47 (45-50)  45(43-49)  57(54-61)  57(52-63)  57(54-61) 57 (52-61)
NPV, % 86 (85-87) :;)(85 T 86(85-87) 87(85-88)  86(85-87)  86(85-88)  86(85-87)  86(85-88)  86(85-87) 86 (85-88)
17 (16-

Indeterminate, % 16 (15-17) 19)( 6 19(18-20) 20(18-21)  18(17-19)  17(18-21)  24(23-25)  25(23-27)  24(23-25)  21(23-26)
Misclassification, % 18 (17-19) 1;)(15 T 16(15-17) 15(14-17)  17(15-18)  14(14-17)  13(12-14)  12(10-13)  13(12-14)  11(10-13)
C‘;‘:”Ej‘ undergoing 45 (39-42) 22)(40- 40(39-42) 42(40-44)  40(39-42)  42(40-44) 44 (42-45)  45(43-47)  44(42-45) 45 (43-47)

)

95% confidence intervals were estimated with 500 bootstrap replicates

A lower cut-off was used to rule out patients with advanced fibrosis and an upper cut-off was used to rule in patients with cirrhosis. Lower cut-offs were the same as used in Table 6 of the
main manuscript. Upper cut-offs for were calculated to obtain a 95% and 98% specificity in diagnosing cirrhosis in the IPD cohort.
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Supporting Table 19 Diagnostic performance of non-invasive tests in subgroup for discriminating advanced fibrosis (F3-F4).

LSM by VCTE FIB-4 NFS
Biopsy length < 20 mm (n = 1555) 0.87 (0.86-0.89) 0.80 (0.78-0.83) 0.79 (0.75-0.82)
Biopsy length = 20 mm (n = 2492) 0.83 (0.82-0.85) 0.75 (0.72-0.77) 0.72 (0.69-0.75)
Number of portal tracts < 11 (n = 1006) 0.86 (0.83-0.88) 0.79 (0.75-0.82) 0.78 (0.74-0.81)
Number of portal tracts > 11 (n = 851) 0.80(0.77-0.83) 0.73 (0.70-0.77) 0.68 (0.63-0.72)
Intermediate quality biopsy (n = 1432) 0.87 (0.85-0.89) 0.79 (0.77-0.82) 0.78 (0.74-0.81)
High quality biopsy (n = 670) 0.79 (0.75-0.83) 0.72 (0.68-0.76) 0.67 (0.62-0.73)
BMI < 25 kg/m? (n = 868) 0.91 (0.89-0.94) 0.81 (0.78-0.84) 0.76 (0.71-0.81)*
25 kg/m? < BMI < 30 kg/m? (n = 2127) 0.87 (0.85-0.89) 0.77 (0.75-0.80) 0.74 (0.71-0.77)°
BMI > 30 kg/m? (n = 2710) 0.81 (0.79-0.83) 0.74 (0.72-0.76) 0.69 (0.66-0.72)"*
Continent — Europe (n = 3560) 0.85 (0.84-0.87) 0.75 (0.73-0.77) 0.72 (0.69-0.75)
Continent - Asia (n = 1278) 0.85 (0.82-0.88) 0.77 (0.73-0.80) 0.76 (0.73-0.80)
Sex — Male (n = 3165) 0.85 (0.83-0.86) 0.76 (0.74-0.78) 0.75 (0.72-0.77)
Sex — Female (n = 2570) 0.86 (0.84-0.87) 0.76 (0.73-0.78) 0.71 (0.68-0.74)
Presence of T2DM (n = 2191) 0.81 (0.79-0.83) 0.73 (0.71-0.75) 0.68 (0.65-0.70)
Lack of T2DM (n = 2763) 0.87 (0.86-0.89) 0.77 (0.75-0.79) 0.71 (0.68-0.74)
ALT < 40 U/L (n = 1656) 0.85 (0.83-0.88) 0.73 (0.70-0.76) 0.74 (0.70-0.78)
40 U/L < ALT <100 U/L (n =2933) 0.86 (0.85-0.87) 0.77 (0.76-0.79) 0.75 (0.73-0.78)
ALT =100 U/L (n = 984) 0.83 (0.80-0.86) 0.76 (0.73-0.79) 0.77 (0.73-0.81)
AST < 40 U/L (n = 2759) 0.84 (0.82-0.86) 0.73 (0.70-0.75) 0.76 (0.73-0.78)
40 U/L < AST < 100 U/L (n = 2385) 0.85 (0.83-0.86) 0.74 (0.72-0.76) 0.72 (0.69-0.75)
AST 2100 U/L (n=373) 0.86 (0.82-0.90) 0.71 (0.66-0.76) 0.65 (0.58-0.72)
ALT < 40 U/L AND AST < 40 U/L (n = 1323) 0.84 (0.81-0.87) 0.72 (0.68-0.75) 0.73 (0.69-0.77)
ALT > 40 U/L OR AST > 40 U/L (n = 4235) 0.86 (0.84-0.87) 0.76 (0.75-0.78) 0.75 (0.73-0.77)
Age <43 yrs (n = 1401) 0.81 (0.77-0.84) 0.65 (0.61-0.70) 0.58 (0.52-0.64)"*
43 yrs < Age < 54 yrs (n = 1478) 0.84 (0.82-0.86) 0.69 (0.66-0.72) 0.70 (0.66-0.74)"
54 yrs < Age < 62 yrs (n = 1423) 0.85 (0.83-0.87) 0.72 (0.69-0.75) 0.70 (0.67-0.74)*
62 yrs < Age (n = 1430) 0.84 (0.81-0.86) 0.70(0.67-0.72) 0.66 (0.62-0.70)

Bold AUCs within a column and subgroup category are significantly different. Bonferroni’s correction was applied when performing multiple comparisons. AUCs marked with * or # are
pairwise significantly different.
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Supporting Table 20 Diagnostic performance of non-invasive tests in subgroup for discriminating cirrhosis (F4).

LSM by VCTE FIB-4 NFS
Biopsy length < 20 mm (n = 1555) 0.91 (0.88-0.93) 0.84 (0.81-0.86) 0.83 (0.79-0.87)
Biopsy length > 20 mm (n = 2492) 0.89 (0.88-0.91) 0.78 (0.76-0.81) 0.75 (0.71-0.78)
Number of portal tracts < 11 (n = 1006) 0.90 (0.87-0.94) 0.81(0.76-0.87) 0.76 (0.70-0.83)
Number of portal tracts > 11 (n = 851) 0.84 (0.81-0.88) 0.77 (0.72-0.81) 0.71 (0.65-0.77)
Intermediate quality biopsy (n = 1432) 0.91 (0.88-0.93) 0.83 (0.80-0.86) 0.83 (0.78-0.87)
High quality biopsy (n = 670) 0.87 (0.83-0.90) 0.87 (0.83-0.90) 0.69 (0.62-0.76)
BMI < 25 kg/m? (n = 868) 0.93 (0.91-0.95)* 0.84 (0.80-0.88) 0.77 (0.69-0.84)
25 kg/m? < BMI < 30 kg/m? (n = 2127) 0.92 (0.91-0.94)" 0.82 (0.78-0.85) 0.83 (0.80-0.86)
BMI > 30 kg/m? (n = 2710) 0.87 (0.85-0.89)" * 0.77 (0.75-0.80) 0.73 (0.69-0.76)
Continent — Europe (n = 3560) 0.90 (0.89-0.92) 0.80 (0.78-0.82) 0.77 (0.74-0.81)
Continent - Asia (n = 1278) 0.92 (0.89-0.94) 0.81 (0.77-0.85) 0.80 (0.75-0.85)
Sex — Male (n = 3165) 0.91 (0.89-0.92) 0.81(0.78-0.83) 0.80 (0.77-0.83)
Sex — Female (n = 2570) 0.89 (0.88-0.91) 0.78 (0.76-0.81) 0.74 (0.71-0.78)
Presence of T2DM (n = 2191) 0.85 (0.83-0.87) 0.74 (0.72-0.77) 0.70 (0.67-0.70)
Lack of T2DM (n = 2763) 0.94 (0.92-0.95) 0.85 (0.83-0.88) 0.80 (0.76-0.84)
ALT <40 U/L (n = 1656) 0.91 (0.89-0.93) 0.79 (0.75-0.83) 0.77 (0.73-0.82)
40 U/L < ALT < 100 U/L (n = 2933) 0.90 (0.88-0.92) 0.80 (0.78-0.83) 0.77 (0.74-0.80)
ALT =100 U/L (n = 984) 0.90 (0.87-0.93) 0.79 (0.75-0.84) 0.82 (0.76-0.88)
AST <40 U/L (n = 2759) 0.90 (0.88-0.92) 0.78 (0.75-0.81) 0.80 (0.77-0.84)
40 U/L < AST < 100 U/L (n = 2385) 0.89 (0.87-0.91) 0.78 (0.76-0.81) 0.75 (0.72-0.79)
AST =100 U/L (n=373) 0.90 (0.86-0.94) 0.77 (0.71-0.84) 0.75 (0.66-0.84)
ALT <40 U/L AND AST <40 U/L (n =1323) 0.91 (0.89-0.93) 0.76 (0.72-0.81) 0.75 (0.69-0.80)
ALT > 40 U/L OR AST > 40 U/L (n = 4235) 0.90 (0.89-0.91) 0.80 (0.78-0.82) 0.79 (0.76-0.81)
Age < 43 yrs (n = 1401) 0.97 (0.95-0.99) #% 0.82 (0.75-0.88) 0.72 (0.55-0.89)
43 yrs < Age < 54 yrs (n = 1478) 0.90 (0.87-0.93)" 0.77 (0.72-0.82) 0.74 (0.67-0.81)
54 yrs < Age < 62 yrs (n = 1423) 0.87 (0.85-0.90)* 0.75 (0.71-0.78) 0.74 (0.69-0.78)
62 yrs < Age (n = 1430) 0.86 (0.84-0.89)* 0.72 (0.69-0.76) 0.66 (0.62-0.71)

Bold AUCs within a column and subgroup category are significantly different. Bonferroni’s correction was applied when performing multiple comparisons. AUCs marked with *,* or % are
pairwise significantly different.
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Supporting Table 21 Subgroup analysis on the impact of reliability of liver stiffness measurements (LSM) on diagnostic performance in detecting advanced fibrosis.

AUROC (95% ClI) for diagnosing advanced fibrosis AUROC (95% ClI) for diagnosing cirrhosis

Reliable LSM by VCTE
(median LSM < 7.1 kPa OR
(median LSM > 7.1 kPa AND
IQR/median LSM < 0.30)

0.86 (0.85-0.87) 0.91 (0.90-0.92)

Unreliable LSM by VCTE
(median LSM > 7.1 kPa AND 0.75 (0.70-0.80) 0.81 (0.76-0.86)
IQR/median LSM > 0.30)

Reliable LSM by VCTE
(IQR/median LSM < 0.30) 0.86 (0.84-0.87) 0.90 (0.89-0.92)
Unreliable LSM by VCTE

(1QR/median LSM 2 0.30) 0.84 (0.82-0.86) 0.88 (0.86-0.91)

VCTE — vibration-controlled transient elastography; 95% confidence intervals were estimated using 500 bootstrap iterations. Bold AUCs within a column and subgroup category are
significantly different (p < 0.05).
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Supporting Table 22 Subgroup analysis based on choice of probe type (in patients with data available from both probes) compared to the diagnostic accuracy of LSM by VCTE calculated in the
entire IPD cohort.

AUROC (95% Cl) for diagnosing advanced fibrosis AUROC (95% ClI) for diagnosing cirrhosis
Entire cohort (n = 5489) 0.85 (0.84-0.86) 0.90 (0.89-0.91)
M probe only (where
measurements performed with
both probes were performed) 0.84 (0.82-0.87) 0.86 (0.83-0.90)
(n=799)
XL probe only (where
measurements performed with 0.83 (0.80-0.86) 0.87 (0.84-0.90)

both probes were performed)
(n=799)
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Supporting Table 23 Sensitivity analysis on the impact of probe selection on diagnostic performance in detecting advanced fibrosis. Thresholds were calculated from the entire IPD cohort.

Patients with BMI < 30 kg/m? and M probe OR BMI >

All patients with LSM

_ 30 kg/m? and XL probe
(n =5489) (n = 4464)
AUC (95% Cl) 0.85 (0.84-0.86) 0.86 (0.85-0.87)
Thresholds, kPa 9.1 <74 >12.1 9.1 <74 >12.1
Sensitivity, % 77 (75-79) 90 (89-91) 55 (52-57) 75 (72-78) 89 (87-91) 53 (50-56)
Specificity, % 78 (76-79) 60 (59-61) 90 (89-91) 81 (79-82) 65 (63-67) 92 (91-93)
Misclassified, % 22 (22-23) 31(31-32) 21(20-21) 21 (20-22) 28 (27-29) 20 (18-21)

95% confidence intervals were estimated with 500 bootstrap replicates.
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Supporting Figure 1 “Traditional” (A) and newly proposed two-tier algorithms (B) for using non-invasive tests in clinical
care. (A) In the traditional application of NITs, patients with NIT vaues below the lower cut-offs are “ruled out” and are
managed in primary care. Those with indeterminate NIT values and those “ruled in” with vaues above the upper cut-offs
still need to undergo liver biopsy in order to stage their disease. Patients with indeterminate NITs need a liver biopsy to
rule out advanced fibrosis, while patients ruled in for advanced fibrosis still need a biopsy to diagnose cirrhosis, as those
with cirrhosis are managed differently (they need surveillanve for hepatocellular cancer and screening for oesophageal
varices). (B) In the proposed algorithms we use upper cut-off values to rule in cirrhosis, where those who are ruled in are
thereby managed as having cirrhosis without the need for liver biopsy. Patients in the indeterminate group still require
biopsy to correctly stage their disease.
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Supporting Figure 2 Risk of bias and applicability concerns
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Supporting Figure 3 Methodological quality summary
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Supporting Figure 4 Distribution of sensitivities and specificities over the possible threshold ranges for LSM by VCTE (A),
FIB-4 (B) and NFS (C) when considering the diagnosis of cirrhosis. Horizontal dashed lines are representing the minimum
acceptable criteria for considering a test as having high sensitivity (>80%) and high specificity (>80%).
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