We have recently developed a serum-based tool (“GALAD”) for detection of hepatocellular carcinoma
(HCC) based on the objective measures of Gender, Age and three serological biomarkers, AFP, AFP-L3 and
DCP?, all of which are commercially available on a single standard platform®. The model has the potential to

be used in the surveillance setting and may mitigate some of the limitations of ultrasound scanning (USS)

including limited sensitivity in obese patients and those with advanced cirrhosis. The fdrm f;is of particular

importance as obesity-related HCC is accounting for an increasing percentage of HCC4 # However, the

model has not been validated in other countries where the underlying aetl‘:'\ V gy of HCC is different.
Although it appeared to perform as well in patients with early disease (defined as tumour size < 5cm) as in
advanced disease we did not undertake detailed analysis of the 1mpact of tumour size on the utility of the

model. This is of importance in the screening setting since the,_‘earhgr‘ _the disease is detected the better the

chance of curative treatment.

The same three biomarkers were combined with lliveryﬁ fuﬂétion tests (serum bilirubin and albumin) by

Toyoda et al °, to form the BALAD model for prognosticaﬁon in HCC. A more rigorous statistical approach

generated a second model (BALAD-2) Wthh apphed the same variables in a continuous rather than a
categorical manner'® but, again, the model has not been validated in the international setting or at different

disease stages.

We now describe application ofth e fvi}o models to cohorts from Germany, Japan and Hong Kong.




We used cohorts from Germany, Japan and Hong Kong (Table 1). Both HCC and CLD cohorts were used
for GALAD validation and HCC patients only for BALAD-2 validation. CLD refers to disease of the liver

which has lasted over a period of six months. Table 1 also reports the percentage of cases with cirrhosis.

The German cohort came from four large centers based in The University Hospital Esseﬁ (‘:c\‘é‘llected between
2005 and 2008), Hannover Medical High School (collected between 2008: and 2014), Leipzig
(Evangelisches Krankenhaus Duisburg-Nord, collected between 2010 and’, 2013) aﬁd Mainz University
Medical Centre (collected between 2003 and 2012). Overall they compriged _1278 patients (275 HCC and

1003 patients with CLD alone).

The Japanese patients comprised 4476 patients (1514 with HCC and 2962 with CLD alone) and these were
recruited from Ogaki Municipal Hospital where they Were,‘jni’,tialyly diagnosed as having HCC between 1988

and 2013.

The Hong Kong cohort (247 HCC patients) wds fééruited from the Prince of Wales Hospital, Department of

Clinical Oncology, Chinese University of Hong Kong between 2009 and 201311,

For reference, the original UKcohort (on which the GALAD model was initially built and BALAD-2
validated) was included in the 'anélysis. These were recruited at the Queen Elizabeth Hospital, Birmingham,
UK and Newcastle Upon ‘(T‘y"ne NHS Foundation Trust between 2007 and 2012. The Birmingham cohort
comprised 670 patien“t’s" (331 with HCC and 339 with CLD alone), and the Newcastle cohort, 163 patients

(63 HCC and 100 CLD alone).

We also included 229 patients with other hepatobiliary tract cancers (cholangiocarcinoma and pancreatic

adenocarcinoma) patients (Table 2) and 92 healthy controls (Table 1) recruited also from the Queen
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of the GALAD model to discriminate HCC from other hepatobiliary cancers and healthy controls. The
hepatobiliary cohort was further divided into three subgroups: intrahepatic cholangiocarcinoma, extrahepatic

cholangiocarcinoma and pancreatic adenocarcinoma.

None of the CLD-control group had evidence of HCC at the time the relevant serum sample was taken or
within a minimum follow-up period of 9 months (Table 1). They were considered typ1cal of those that would
be included in a surveillance programme. In all cohorts, the HCC patients had the three biomarkers

measured within 1.7 months of HCC diagnosis and before any treatment Wé"s’ administered.

The diagnosis of HCC was made according to international guid’c: nes45 P:;tients in the control groups had
established chronic liver disease (on the basis of liver biopsy and/ortypwal clinical and imaging features).
All had the three constituent biomarkers measured usmgthepTASWako i30 auto analyzer (see below).
Patients with HCC were classified as having ‘ee}r‘lyﬁ tﬁgse receiving potentially curative therapy),

intermediate (intra-arterial therapies) or advanc¢df‘fdis§ase:y(systemic chemotherapy or supportive care).

In Japan, the biomarkers were, in boththeHCC and control groups, undertaken as part of a surveillance
programme. In the other centres, they were collected specifically for this research study. The inclusion

criterion was chronic liver disease (as defined above) with presence or absence of cirrhosis specified.

In total, 7155 patients (2430HCC, 4725 CLD) were involved in this study.

Assays of AFP, AFP-L3, and DCP

AFP, AFP-L3 and DCP were all measured in the same serum sample. The measurements of hs-AFP-L3 and
DCP were achieved by using a microchip capillary electrophoresis and liquid-phase binding assay on a

uTASWako i30 auto analyzer (Wako Pure Chemical Industries, Ltd. Osaka, Japan)’. The Analytical



is over 0.3ng/mL”.

Statistical Methods
Stata IC 12 software was used to perform the analyses.

GALAD

The GALAD model, as described previously?, uses the equation: |

7=-10.08 + 0.09 x age + 1.67 x sex + 2.34 log;o (AFP) + 0.04 x AFP-L3 ’+ 133 X léglo (DCP)

where sex=1 for male and 0 for female. .

The linear predictor (Z) is used to estimate the probability of HCC man individual patient (ranging from 0
to 1) using the following equation: o

Pr(HCC) = exp(Z)/(1+exp(Z))

To estimate sensitivity and specificity, three differcﬁffsets of cut-off points were used in this study:
1. The three original cut-off points as speciﬁéd in the original GALAD study” (that were based on the
overall UK cohort). |

2. Using the original UK cohort,,threé new cut-off points were also generated using a subset of patients that

had early stage HCC (within Mﬂan Criteria). As in the original study, one cut-off point maximizes
sensitivity while keeping‘spfééiﬁc’ity at 80%, the second maximizes specificity while keeping sensitivity at
80% and the third maximizes "the sum of sensitivity and specificity.

3. The same three optimizéd cut-off points, specific for Japan and Germany are also reported. For Japan, this
was generated from a subgroup within Milan Criteria whereas in Germany, this was based on the overall

cohort as the number of early stage disease patients was too small for meaningful analysis.



or MRI scan) and aetiology on the performance of the GALAD model was tested. Unifocal tumour size

ranges applied were <2, <3, <4, <5 and <10cm, as well as those within Milan Criteria.

For the purpose of analysis, actiology was classified as hepatitis C virus (HCV) or hepatitis B virus (HBV)-
related or ‘other’ (mainly alcoholic liver disease). Although detailed data on alcohel’iiegnsumption was

available in the Japanese cohort, a distinct diagnosis of ‘alcoholic cirrhosis’ was Qﬂlyiz’eolleeted in the UK

and German cohorts. These were combined under “Europe” to test the performance of the model in an

alcoholic cirrhosis cohort for comparison with the other aetiologies. The model performance was also tested

in HCV patients depending on whether or not they had achieved sustained V‘i'r'aiyyresponse (SVR) status or, in

case of HBV, if they were on active anti-viral treatment. Detailed iﬁfol‘fhation was available only in the

Japanese cohort. The number of cases receiving antiviral the{rgpy,in}the German cohort was too small for a

meaningful analysis.

Using the GALAD model, the area under the recewer operatmg characteristic (ROC) curves (AUROC),

sensitivities and specificities were generated for each cohort as a whole and then as subgroups according to

the tumour size and aetiology classiﬁcegtibns as described above. The 95% confidence intervals (C.1.) for the

AUROCs were constructed assumiﬁgéf normal distribution for the area under the curve (asymptotic normal

confidence intervals). The pe;fefm’ ce of the GALAD model was also compared to that of the individual

biomarkers. The equality gf;ROC‘;curves were tested using the method as described by Delong et al'2.

BALAD-2

Survival was measured from date of HCC diagnosis until date of death or date of last follow up. Patients
undergoing transplantation (4.8% and 3.6% of the UK and German cohorts respectively, Table 1) were not
excluded from the analysis.

The BALAD-2 model'® (built on a Japanese and validated on a UK, cohort), uses the equation:



= = = _ _

* (alb(gl)-35.11 )

0.17 * ((bili ( umoll )*)-4.50) - 0.09

where AFP was capped at 50000 units. Both AFP and DCP are modelled as per 1000 units.

To generate the four prognostic groups, cut-points applied to the linear predictor were xb > 0.24 (risk 4,

high), 0.24 to >-0.91 (risk 3), -0.91 to > -1.74 (risk 2) and <= -1.74 (risk 1, low).

This equation was applied to all the HCC cohorts and separation of the prognost/ic“groups assessed by
Kaplan-Meier survival curves. The utility of the model was also tested by,applyi'ﬁg‘ to subgroups according

to treatment delivered.

The prognosis of HCC is widely assumed to be determined byn\urklderlying liver dysfunction and tumor-
related factors. We hypothesized that BALAD-2 accuratgly'rcﬂeéféd prognosis because it combined both of
these, the former through (B)ilirubin and (A)]bumin‘,and“i’;}ié: létter through the three biomarkers (LAD) . To
test this hypothesis we first assessed the prognqstibai;mpéCt of ‘B’ and ‘A’, by applying the ‘ALBI’ grade (a
recently proposed and validated instrument"fyél‘*ﬁass,essing liver function in HCC"). We then used the
European cohort (merged UK and Germaﬁy) ”'t“hé fest the extent to which adding the tumor markers i.e. the

14, 1
- 15 and

BALAD model would increase disdrirninatdry utility of the ALBI grade using Harrell-C statistic
Akaike information criterion" (AIC)16 | Harrell-C assesses the discriminative ability of the model by
measuring the proportiop‘ of patient pairs for which the model correctly assigns lower risk to the patient that
truly survives longest (i.e. "is;‘at least risk). A good discriminative performance corresponds to a higher C-

statistic. AIC measufe’\'s relative fit between models for a given set of data. A 4-point reduction (per

additional covariate) is indicative of an improved model.

Cases with missing data (within bilirubin, albumin, AFP, AFP-L3, DCP, age and gender) were excluded
from the analysis; however these make up just 1.7% and 1% of the GALAD and BALAD-2 data

respectively.
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GALAD

Demographic and clinical details of the cohorts are shown in Tables 1.

The model gave an overall AUROC figure of 0.93 (95% C.I. 0.92 — 0.94), and 0.94 (95% C.I. 0.93 — 0.96) in
the Japanese and German validation cohorts respectively (Supplementary figure 1a), only marginally lower
than the figure for the original UK cohort (0.97, 95% C.1. 0.96 — 0.98). GALAD alsoreorrectly classified
HCC from other hepatobiliary cancers and healthy controls within the UK cohort showmg AUROC figures

of 0.95 (95% C.I. 0.93 — 0.96) and 0.97 (95% C.I. 0.96 — 0.99) respectively (Supplementary figure 1b and

1c). The ROC curve results of hepatobiliary cancer subgroups (pancreatlc adenocarcmoma extrahepatic
cholangiocarcinoma and intrahepatic cholangiocarcinoma) are shown 1n Supplementary figure 2a-c. The
AUROC derived from the model was superior (p<0.0001) to that obtamed if the biomarkers were used
individually (Figure la-c). This was true both in the cohort overall and Wlthln the subset of early stage HCC

patients (within Milan Criteria) (Figure 1d-e). Table 2 shows;s the figures for sensitivity, specificity and

AUROC for all patients as well as those within Milan C; rt’erra. Cut-offs for the GALAD model in Table 2

maximise the sum of sensitivities and specificities for each cohort.

The utility of the model was slightly loﬁeryim the smaller unifocal tumours, but remained in range of 0.85 to

0.95 (Figure 2a-c). The AUROCs ente with less than 2cm unifocal tumours were 0.92 (95% C.1. 0.85

—0.997), 0.89 (95% C.L 0.88 i l)and 0.93 (95% C.I. 0.89 — 0.97) for UK, Japan and Germany, however

in the latter group the numb

were very small. Unifocal <3cm in the German series generated AUROC of
0.87 (95% C.1. 0. 81 - 0 94)/, 1In those patients that were within Milan Criteria, the corresponding AUROC

figures were 0.93 (95% C.I. 0.90 — 0.96) and 0.91 (95% C.I. 0.90 — 0.92) in the UK and Japan cohorts

respectively (Figure 2d-e).

There was no statistically significant difference (p>0.05) in model performance between HBV, HCV and
other subgroups, in the European cohorts. Although there was a statistically significance difference between

the aetiologies in the Japanese cohort (p=0.0012), this was unlikely to be of clinical significance as the
11



HBYV subgroups within the UK and German cohorts, these were combined under “Europe” and the alcoholic

aetiology subgroup was added prior to generating GALAD AUROC curves (Supplementary figure 3d). This
showed that the GALAD model performed equally well (p=0.7490) in all four ‘aetiological’ subgroups.
In the Japanese series, performance of the GALAD model was not affected (p>0.1) by the status of SVR or

active viral treatment in HCV and HBV patients respectively (Supplementary figure 4a-b). ,

The AUROC values as well as the sensitivity, specificity and correctly classiﬁed_pkercentages at the different
cut-offs (whole cohort and subgroups) are summarized in Table 3 (UK-basgd cut?offs) and Supplementary
Table 1 (country specific cut-offs). The same data for the differenf;hétion‘)gies in the combined European

cohort (UK and Germany) are shown in supplementary table 2. )

BALAD-2 |

Applying the BALAD-2 model to the German andHong ‘Kong cohorts produced four clearly distinct and
well separated HCC prognostic groups, hen;c, éﬁhﬁrﬁiing the utility of the model in the international setting
(Figure 3a-d, median survival at each BALAD—2 score in Figure 3e). This separation remained when the

analysis was confined to patients with a minimum of 18 months follow up (Supplementary figure Sa-¢).

BALAD-2 was then compared'to::/the ALBI grade (Supplementary figure 6a-c). The AIC and Harrell-C
statistics clearly show that BALAD-2 model was a better fit to the data than the ALBI model, as
demonstrated by the lower AIC and higher Harrell-C scores (5233.982 and 0.7012 for the BALAD-2, and

5469.059 and 0.6192 ‘fc’gr the ALBI grade respectively).

The BALAD-2 model proved equally discriminatory in all treatment classes (Supplementary figure 7a-g).
UK and German cohorts were merged (as “Europe™) as sample size for each treatment subgroup was

relatively small.
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Our analysis validates the GALAD model by showing that it has utility outside the country in which it was
developed (the UK). Both the German and Japanese datasets were particularly valuable in the setting of
validation. Each of the study cohorts was multi-center, the relevant biomarkers were measured in an external

laboratory by an operator who had no knowledge of the clinical diagnosis and the statistical analysis was

undertaken at a third center where no further manipulation of the data was undertaken. ‘each of the four

German centers, the AUROC was virtually identical and very close to that reportéd; }:;he UK series. This

was not surprising since the aetiology and clinical features of HCC were very snmlar between Germany and

the UK.

In Japan these biomarkers are currently used individually or, moreoften, in concert to enhance routine
ultrasound screening' '*, based on clinical experience rather than aformal statistical model. Combination of
the markers is increasingly recognized to add utility to themd1v1dual biomarkers'® and here we show that a
formal, prospectively developed, statistical model thatcombmes the markers is, superior to individual

markers alone. Further, when the model performance was directly compared with results as obtained by the

conventional combined use of the three markers in clinical practice in Japanl, there was a clear
improvement. Presumably this reﬂects_‘,,t‘he’\ "‘g'aiﬂ‘ in information derived from the individual markers by

Several recent studies have confirmed significant information loss

treating them as continuous variable

when cut-off points are applied to ybonyiﬁhous variables®® !,

The current analysis Vahdatesour original report where ‘small tumors’ were considered to be those with a
maximum tumour sgize{’of : 5cm but significantly extends the utility of the model by showing that, when
unifocal tumours af’:é::"f:j,cdr"lsidered, model performance remains remarkably good (AUROC >0.85 for
Germany and >0.89 for other cohorts) and consistent down to <2 cm. This is perhaps not surprising since
Marrero et al* reported that the overall performance of the individual biomarkers only decreased marginally
in ‘early tumors’. The utility of the GALAD model in early stage disease has also been reported in patients
with early stage disease as assessed according to the BCLC staging system?®® with similar results - (BCLA 0,

0.97, BCLC A 0.98 and BCLC B 0.97)( Caviglia CP & Smedile 2015; personal communication).
13



have not been well-defined in nodular cirrhotic livers and that ‘some patients, particularly the obese, are not

good candidates [for surveillance] despite their risk’. The serological approach has the specific advantage
that it is not impacted upon by physical factors such as obesity, an increasingly recognized etiological factor
for HCC”® ', Our data suggest that the GALAD model is likely to detect tumours within the range that
potentially curative therapies will be applicable. A further limitation of USS is that,dtﬁer primary liver
tumours may be detected. In a recent analysis of surveillance in Japan (1994 — 20(}5), 4.4% of detected
hepatic tumours were ultimately classified as cholangiocarcinoma®. Our data fs,ugg‘es‘ts that the GALAD
model can successfully discriminate between HCC and cholangiocarcinoma (Si}pplementary figure 1b and

supplementary figure 2).

Having validated the GALAD model, it now requires testing in a pro,spcctive manner and we are aware that
the three tumour markers involved in GALAD are currently b‘éing"p‘rt)spectively assessed in clinical trials in
North America. From these it will be possible to assess théy jﬂotential role of the GALAD model in the

clinical surveillance setting.

Our analysis supports the clinically plausible view that the prognostic power of the BALAD-2 model is
based on its ability to reflect both the degfée of underlying liver dysfunction (‘B’ and ‘A’) and tumour
related factors (‘LAD’). The general applibability of the model is underlined by the observation that

discrimination is equally good, irrespective to the treatment applied.

14



Figure 1a-e. Receiver operating characteristic (ROC) curves comparing overall performance of the GALAD
model to the individual biomarkers in the (a) UK, (b)Japan, (c) German cohorts as well as in early stage

HCC (within Milan Criteria) in the (d) UK and (e) Japan cohorts.

Figure 2a-e. Receiver operating characteristic (ROC) curves comparing the performance of the GALAD

model in subgroups of patients with unifocal tumours of different sizes in (a)UK, (b)/Japan and (c)

Germany, in addition to those within Milan Criteria in (d) UK and (e) Japan coyhorlts. h

Figure 3a-e. Survival according to BALAD-2 score in the (a) UK, (b) J g}pain,(c‘) German and (d) Hong Kong

datasets. Table in (e) shows median survival in each cohort according _t’o 'B:’A:LAD-Z score.

15
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Table 1. Patients characteristics

HCC, CLD and healthy controls patients h i i ic adq patients
UK (Birmingham and Newcastle) Japan Sermany (2:‘;0;;:;;?[’“& Erien Hong Kong g;‘:‘::.‘li ad::::;;?;:‘:ma hol’;:: i:l:::i‘xi)imn half:;”:)hc?:'::::omn Oversl
HCC (n=394) ) 3 ) CLD (n=1003) HCC 47)
~Demographics
Median Age JQR) 66.9 (59.6 - 73.5) 36.1 (46 - 64) 69 (62 ~75) 66 (60 ~72) 52 (41 -61) 58 (32 -68) 66 (57~ 74y 66 (39 -72) 64 (56~ 69) 67 (63 ~T1) 66 (59 -71)
Mean Age (8D) 65.8 (£9.7) 54.9 (£13.7) 67.8 (£9.4) 61.0 (x13.7) 65.4 (£9.2) 30.5 (14 1) 60.2 (£11.4) 65.4 (£11.0) 64.4 (£12.5) 63.6 (£9.5) 65.0 (£10.7) 64.3 (£11.9)

Gender (% Male) 82.5

5 713 48.0 84.0 88.7 435 53.2 43.6

412

50.7

BN 183:90:72.7 T617 ] 69211541154 | 45.4:241 1305 | 209:122:665 | 303 :361:33.7 | 81:801:118 o
HCV : HBV : Other (%) =377 =128 1=1493 =220 12263 =835 =246 NA A A Nra NA
. L1 11.6 8 47.1 !
SVR achicved (HCV) (%) NA NA i s s NS Na NA NiA N WA NiA
21 53 ¥
On HBV treatment (%) NA NA s a2 NA Na NA NA Nia A WA NiA
Alcohol (%) 02 038) | 356 ean) NA NA 56260 | 196 @846) Na_ ] WA WA WA WA WA
Cirhotic (%) mTICV group | 937 (a=63) 100 i) A N 938 (ned®) | 504 (ne23d) 750 (@=20) 3 WA WA A WA

Cirthotic (%) in HBV group 39.3 (n=27) 100 (3

4y NA NA

92.6 (1

48.2 (n=197)

53.1(7.6-1460.9) [ 2921-47) [223(7.0-171.6)| 2.5(1.8-3.9) |420(7.6-801.3) 21(1.7-3) 23(1.6-3) 21 (13-31)
n=304 n=438 n=1514 n=2962 n=275 592 n=172 =39 0=228
13 % 17(72-51.8) 1(1-72) 49(05-168) | 05(0.5-05) | 146(6.1-47) | 01(0.1-58). | #20.6(5.6-56) 1a-1) 1a-1 1(d-1) 11-1
s n=382 n=438 n=1514 n=2962 5=275 n=1003 |- =247 n=92 n=171 5=39 n=227
DCP, ng/ml 201(26-169.6) | 04(03-07) | 07(0.2-95) | 020(001-02) [106(1.5-1527)[ 04{0.2-06) | 36.1(1.7-357.1) | 0.3(03~0.4) § 08(04-42) | 05(02-35) 03(0.2-1.1) 0.7 (0.4-3.8)
. n=3! n=438 314 n=2962 n=275 =1003 ) 7 2 n=172 = n=17 n=228

38 (34 - 42) HA0-46) | 36(G1-40) | 43@1-43) | 377(3-43) | 42(362-46) | 38(4-41)
n=393 n=43% n=1514 n=2962 n=273 e, 69T n=247
11a-12) Ta-11 T1(0-12) | 1L(0=-1D 11(10-12)
R n=387 =333 Na NA =7 =414 n=247 NA WA A WA A
. 17 (11~ 28) 11(7-18) |13.7(103-22.2)] 120(3.6-15.4) | 15.7(36-298) | 9.9 (56— 15.4) 19012-32)
Bilirubin, pmol/L 93 =439 514 962 0265 | NIA NA

=696 n=247

- 46.8
% Solitary =378
Maximum tumour size (em), %
P 48.1:51.9 76.7:23.3 A 7481:519 29.6:70.4
<3cm : xSem n=337 A 1=1489 NA B NA =243 NA N/A NA N/A N/A
N - 3 ; 315 3.
<Sem: 3 - Sem < S5em 211 3.%7.45.7 N/A 564.21‘.‘2..24 NA 22,5,3_17.;5.460 NA 7,33.68.3 NA NIA WA NA N/A

N

Transplantation (%) 48 0 A e 3.6

Resection (%) 26 329 42

Ablative (%) 105 265 s 3.0 8.1

TACE 06) 50 NA 20 - 262 NA e NA N/A N/A N/A NiA
Sorafenib/Chemotherapy (%) 16.0 11 143 263

Supportive (%) E

Other palliat %)

Median follow up time 31.1(28.3-39.8) | 24.6 (23.0—29.0) | 68.4 (60.8 - 74.0) ~ 47.9(43.2-69.9) | 31.4(29.7-33.4) | 37.7(35.3-43.1)

(months) =387 =422 <1514 56.4 (@r2962) =264 =293 =246 NA A A WA NA
. - 12.3(9.8-14.9) Not reached 45.2 (40.5-50.1) Not reached 12.7(8.5-16.4) Not reached 10.8(5.9~15.0)

Overall Survival (months) =387 =422 21514 22062 264 =205 1246 NA N/A N/A N/a N/A
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[Table 2: Comparison between GALAD model and the individual HCC biomarkers

Early HCC (within Milan Criteria)

[GALAD model

63 0.97 (0.96 - 0.98)

0.93 (0.90-0.96)

Al
E p-value
p-value e e | Correctly " e .
[ModeVbiomarker Cut-off AUC (GALAD v| Semsitivity | Specificity | oy cieq AUC ., | (GALAD |Sensitivity Correctly
(GALAIL % % ! C ] e % %  |Classified %
) o Ibiomarker)

<0.0001

lAFP 20 ng/mL* 0.88 (0.85 — 0.90) 60.7 0,84 079 ~0.89) | <0.0001 49.1 86.9
AFP-L3 7%* 0.84(0.82-0.87) | <0.0001 754 0.81 (0.76 - 0.83) | <0.0001 717 73.5 732
DCP 048 ngmL* | 0.90(0.88-0.95) | <0.0001 624 0.81 (0.77-0.86) | <0.0001 86.8 63.7 68.2
AFP + AFP-L3 +DCP** | Sameasabove | 0.75(0.72-0.77) | <0.0001 7075 (0.72~0.77)

<0.0001

IGALAD model -1.95t 0.93 (0.92 - 0.94) - 0.91 (0.90-0.92)
|avp 20 ng/mL* 0.89 (0.88-0.90) | <0.0001 513 0.87(0.86-0.89) | <0.0001 973 84.6
|A¥P-L3 7%+ 0.750.74-0.77) | <0.0001 412 0,71 (0.70~0.73) | <0.0001 918 715
Ibcp 048ng/mL* | 084(0.83-0.85) | <0.0001 573 0.78 (0.76 - 0.80) | <0.0001 97.4 84.5
JAFP + AFP-L3 +DCP*~ | Same asabove | 0.84 (0.83 - 0.85) 81)

|IGALAD model -0.68% 0.94(0.93 - 0.56) - 88.3

|AFP 20 ng/mL* 0.87 (0.85 - 0.89) <0.0001 - 93.9 85.9 NA NA NA NA NA
JAFP-L3 T%* 0.83 (0.80 - 0.86) <0.0001 [ 71.3 79.7 77.9 NA NA NA NA NA
[DCP 0.48 ng/mL* 0.86 (0.83 - 0.89) <0:0001: 89.1 64.2 69.6 NA NA NA NA NA
|A¥P + AFP-L3 +DCP** | Same as above 0.73(0.71-0.75) | .<0.0001 953 343 63.2 NA NA NA NA NA

Ispecified cut off point.

[* Cut-off points for three biomarkers were based on the guideline of the
[For the GALAD model, the optimum cut-off point was set from the ROC analysis.

**The combination (AFP+AFP-L3+DCP) represents

[t Locally-based cut-off that imises both
Germany based on whole cohort. -

'”,v,,and P

apan Society of Hepatology.

the current method of using the markers in Japan. A positive result is recorded if any of the markers exceed their

ity for GALAD in each cohort. Japan cut-offs generated from within Milan subgroup. UK and
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e e
Soo i Cutoffs b

|Abbreviations: AUC

ity; NA. not

*p=0.5152, **p=0.1194

able 3. GALAD model performance e e . sed on UK patients within Milan Criteria
Max sens: -1.36 Max spec: 0.88 Max sens and spee : -0.63 Max sens:-1.54 Max spee: -0.59 Max sens and spec : -0.77
Corr. Corr. Corr.
Sens. | Spec. Corr. Corr, Corr.
Country Set AUC (:2 IJZC ql ;ﬂss. Sens. %{Spec. %) Cl,,fs’ Sens. %|Spec. % Cl';'ss. Sens. % | Spee. % C]a:;,r% Sens. % | Spec. % Cla(;:. v, | Sens. % | Spec. % Cla‘s';.l v
‘Whole cohort (382 HCC, 437 CLD) 097(C1.096-098) | 948 | 831 | 885 | 772 | 975 | 8.0 | 916 | 897 | 906 96.1 80.1 876 91.6 90.2 90.8 92.7 88.8 90.6
Unifocal <2em (9 HCC, 437 CLD) 0.92 (0.85 - 0.997) 778 | 831 | 830 | 556 | 975 | 966 | 778 | 89.7 | 895 80.1 80.0 77.8 902 89.9 778 838 88.6
Unifocal <3cm (29 HCC, 437 CLD) 0.92 (0.88 - 0.96) 724 | 831 | 824 | 386 | 975 | 951 | 724 | 897 | 886 80.1 80.3 724 90.2 89.1 724 88.3 87.8
Unifocal <dcm (52 HCC, 437 CLD) 0.93 (0.90 ~0.96) 80.8 83.1 82.8 51.9 97.5 926 789 89.7 88.6 80.1 81.0 789 90.2 89.0 78.9 888 87.7
pk  |Unifocal <Scm (75 HCC, 437 CLD) 0.93 (0.90 - 0.96) 840 | 831 | 832 | 573 | 975 | 916 | 827 | 89.7 | 887 80.1 815 827 90.2 89.1 82.7 88.8 879
Unifocal <10cm (127 HCC. 437 CLD) 0.95 (0.93 ~0.97) 89.0 83.1 844 65.4 97.5 90.3 87.4 89.7 89.2 80.1 83.0 874 90.2 89.5 874 38.8 88.5
Within Milan criteria (106 HCC. 437 CLD) 0.93 (0.90 ~ 0.96) 859 | 831 | 836 | 547 ] 975 | 89.1 | 802 | 89.7 | 879. 80.1 82.1 80.2 90.2 882 83.0 88.8 877
HCV positive cohort (67 HCC, 103 CLD) 098(CL097-1.0) | 955 | 874 | 906 | 776 | 99.0 | 906 929 854 90.0 91.0 95.2 935 94.0 94.2 94.1
HBYV positive cohort (33 HCC, 61 CLD) 0.99(C10.96-1.00) | 939 | 100.0 | 979 | 697 | 100.0 j 894 957" 98.4 96.8 879 100.0 95.7 87.9 100.0 95.7
Other aetiology (267 HCC, 262 CL_D) 0,96 (C.1.0.95-0.98) | 95.5 77.3 86.6 78.7 96.2 873 89.0 73.7 85.1 92_,5 86.3 89.4 93.3 84.4 88.9
IWhole cohort (1514 HCC, 2962 CLD) 093(C1092~094) | 799 | 900 | 866 | 50.1 [ 991 | 825 +].872 87.7 85.8 69.6 96.1 87.1 72.5 949 873
[Unifocal <2em (329 HCC, 2962 CLD) 0.89 (0.88 - 0.91) 68.7 $0.0 87.9 27.7 99.1 91.9 SL7 7L1 87.7 86.1 532 96.0 91.7 56.5 94.9 91.0
Unifucal <3em (554 HCC, 2962 CLD) 0.90 {0.88 - 0.91) 70.8 90.0 87.0 318 99.1 88.5 89.9 727 87.7 854 567 96.0 89.8 60.3 94.9 89.4
{Unifocal <4em (672 HCC. 2962 CLD) 0.90 (0.89 - 0.92) 725 90.0 86.8 33.6 99.1 87.0 89.2 74.6 87.7 853 582 96.0 89.0 62.2 949 88.8
Unifocal <Sem (732 HCC, 2962 CLD) 0.91 (0.90 - 0.92) 731 | 900 | 867 | 351 | 99.1 | 864 888 75.1 877 853 589 96.0 88.6 62.6 94.9 885
Unifocal <10cm (810 HCC. 2962 CLD) 0.91 (0.90 — 0.92) 742 | 900 | 866 | 380 | 991 | 860 88.7 76.2 87.7 853 612 96.0 88.5 64.6 94.9 88.4
IWithin Milan criteria (888 HCC, 2962 CLD) 0.91 (0.50~0.92) 725 | 900 | 860 | 338 | 991 | 840 877 752 87.7 849 59.1 96.0 875 63.5 94.9 87.6
Japan
Achicved SVR* (17 HCC, 341 CLD) 0.91 (0.84-0.97) 529 97.1 95.0 41.2 99.1 96.4 52.9 959 93.9 41.2 99.1 96.4 41.2 99.0 96.2
[Non-SVR* (1497 HCC, 2601 CLD) 0.93 (0.92 - 0.94) 802 | 89.0 | 858 708 | 954 | 864 822 86.6 85.0 70.0 95.3 86.2 72.9 943 86.5
On active BBV Rx** (31 HCC, 156 CLD) 0.88 (0.82—0.94) 516 974 89.8 353 98.7 882 516 96.2 88.8 355 98.7 88.2 39.5 98.7 89.0
INo HBV Rx** (1483 HCC, 2806 CLD) 0.93 (0.92-0.99) 80.5 89.6 86.5 712 95.7 872 82.5 87.3 85.6 703 95.8 87.0 73.2 94.7 87.3
[HCV positive cobort (1035 HCC, 1325 CLD) | 0.52(C.L1.091-093) | 815 | 854 | 83.6 711 | 936 | 837 832 82.6 8238 70.1 93.7 834 73.6 922 84.1
HBY positive cohort (230 HCC, 704 CLD) 0.93 (C.1.0.92-095) | 73. 95.7 | 903 626 |1 973 | 888 744 950 89.9 61.7 97.7 88.9 64.4 969 889
Other aetiology (230 HCC. 891 CLD) 0.95 (C.1. 0.94-0.97) | 80.9 92.4 90.0 76.5 98.1 93.7 83.9 89.6 88.4 76.1 98.2 93.7 76.5 97.2 93,0
[Whole cohort (275 HCC, 900 CLD) 0.94 (C1.0.93-0.96) { 91.6 81.3 83.7 87.6 88.6 88.3 91.6 79.2 82.1 873 88.8 88.4 89.1 86.8 873
Unifocal <2cm (7 HCC, 900 CLD) 0.93 (0.89 - 0.97) 100.0 | 813 815 429 95.8 95.4 714 88.6 88.4 1000 79.2 79.4 714 88.8 88.6 85.7 86.8 86.8
[Unifocal <3cm (23 HCC, 900 CLD) 0.87(0.81 - 0.94) 813" | 812 | 478 | 958 | 946 | 652 | 886 | 88.0 73.9 79.2 79.1 65.2 3838 882 69.6 86.8 864
Unifocal <dem (38 HCC, 900 CLD) 0.87 (0.81 - 0.93) 813 81.0 50.0 95.8 939 684 88.6 877 73.7 792 79.0 68.4 888 879 711 86.8 86.1
G . |Unifocal <Sem (46 HCC, 900 CLD) 0.85 (0.79 - 0.91) 8137 809 52.2 95.8 93.7 67.4 88.6 873 71.7 792 78.9 674 88.8 87.7 69.6 86.8 859
CrMARY [Gnifocal <10em (73 HCC, 900 CLD) 0.90 (0.86 - 0.94) 813 | 814 | 644 | 958 | 934 | 795 | 886 } 879 822 792 795 79.5 888 88.1 80.8 86.8 863
[Within Milan criteria NA “NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
CV po: cohort (55 HCC. 252 CLD) 0.93 (C.1. 0.50-0.97) 798 | 818 | 764 | 950 | 917 | 83.6 | 873 | 866 90.9 78.6 808 83.6 87.5 868 85.5 84.9 85.0
'V positive cohort (32 HCC, 200 CLD) 0.94 (C.1. 0.91-0.98) 920 | 901 | 594 | 963 | 912 | 750 | 940 1 914 78.1 90.0 88.4 75.0 94.0 914 78.1 93.8 917
[Other aetiology (176 HCC, 280 CLD) 0.94 (C.I. 0.91-0.96) X 725 | 807 | 778 | 954 | 886 | 915 | 839 | 867 938 69.3 787 915 843 87.1 92.1 80.5 85.0
, area under curve; C.I, 95% confidence interval; CLD, chronic liver disease; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; INR. international normalised ratio; Max. Sens, maximunm sensitivity; Max. Spec.,
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