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Highlights
� First prognostic model specifically developed for ideal TACE

candidates.

� The individualized prediction score is presented as the sum
of tumour size (cm) and number.

� With cut-offs of 6 and 12, the score can stratify these
patients into 3 prognostic strata.

� The score outperformed other available models in perfor-
mance and discrimination.

� The score is advantageous for easy-to-use and individualized
prediction.
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Lay summary
There is currently no prognostic model
specifically developed for recommended
or ideal transarterial chemoembolization
(TACE) candidates with hepatocellular
carcinoma, despite these patients being
frequently identified as the best target
population in pivotal randomized con-
trolled trials. The six-and-twelve score
provides patient survival prediction,
especially in ideal candidates of TACE,
outperforming other currently available
models in both training and validation
sets, as well as different subgroups. With
cut-off values of 6 and 12, the score can
stratify ideal TACE candidates into 3
strata with significantly different out-
comes and may shed light on risk strat-
ification of these patients in clinical
practice as well as in clinical trials.
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Background & Aims: Previous prognostic scores for transarte-
rial chemoembolization (TACE) were mainly derived from
real-world settings, which are beyond guideline recommenda-
tions. A robust model for outcome prediction and risk stratifica-
tion of recommended TACE candidates is lacking. We aimed to
develop an easy-to-use tool specifically for these patients.
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Methods: Between January 2010 and May 2016, 1,604
treatment-naïve patients with unresectable hepatocellular car-
cinoma (HCC), Child-Pugh A5-B7 and performance status 0
undergoing TACE were included from 24 tertiary centres.
Patients were randomly divided into training (n = 807) and val-
idation (n = 797) cohorts. A prognostic model was developed
and subsequently validated. Predictive performance and dis-
crimination were further evaluated and compared with other
prognostic models.
Results: The final presentation of the model was ‘‘linear predic-
tor = largest tumour diameter (cm) + tumour number”, which
consistently outperformed other currently available models in
both training and validation datasets as well as in different sub-
groups. The thirtieth percentile and the third quartile of the lin-
ear predictor, namely 6 and 12, were further selected as cut-off
values, leading to the ‘‘six-and-twelve” score which could divide
019 vol. 70 j 893–903
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Fundamental and informative prognostic indicators for
developing a model specific to patients with HCC include
tumour burden profiles, liver function, performance status,
and biomarkers such as alpha-fetoprotein (AFP). Among these
parameters, tumour burden profiles seemed particularly impor-
tant, not only due to their well-perceived negative correlation
with survival17,18 and response rates,19,20 but also because of
the disparate tumour load varying from a solitary tumour to
multiple tumours with different diameters in these ideal TACE
candidates,21–23 which might contribute significantly to the
heterogeneity of the population. Meanwhile, liver function and
performance status have also been established as significant
predictors in prognostic models for patients with HCC.24

On the other hand, individualized prediction has been per-
ceived as another requisite for an optimal prognostic model.
Well-recognized categorized scores and models such as ‘‘four-
and-seven” criteria, HAP score, and Barcelona Clinical Liver Can-
cer (BCLC) intermediate stage sub-classification can be useful
for stratifying the level of risk but may not be sufficiently infor-
mative for individual outcome evaluation, calling for an individ-
ualized model displaying continuous data.

Therefore, the aim of this study was to develop a specific
model that presents continuous data and can be used to predict
individual survival and stratify patient risk in ideal candidates
of TACE.

Patients and methods
Study population
Between January 2010 and May 2016, a total of 3,819 consecu-
tive patients with unresectable HCC receiving conventional
TACE from 24 tertiary Chinese centres were retrospectively

cirrhosis (gastrointestinal bleeding, ascites, jaundice, or
encephalopathy); v) performance status score >0; vi) treatment
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patients into 3 strata with the sum of tumour size and number
≤6, >6 but ≤12, and >12 presenting significantly different med-
ian survival of 49.1 (95% CI 43.7–59.4) months, 32.0 (95% CI
29.9–37.5) months, and 15.8 (95% CI 14.1–17.7) months,
respectively.
Conclusions: The six-and-twelve score may prove an easy-to-
use tool to stratify recommended TACE candidates (Barcelona
Clinic Liver Cancer stage-A/B) and predict individual survival
with favourable performance and discrimination. Moreover,
the score could stratify these patients in clinical practice as well
as help design clinical trials with comparable criteria involving
these patients. Further external validation of the score is
required.
Lay summary: There is currently no prognostic model specifi-
cally developed for recommended or ideal transarterial
chemoembolization (TACE) candidates with hepatocellular car-
cinoma, despite these patients being frequently identified as the
best target population in pivotal randomized controlled trials.
The six-and-twelve score provides patient survival prediction,
especially in ideal candidates of TACE, outperforming other cur-
rently available models in both training and validation sets, as
well as different subgroups. With cut-off values of 6 and 12,
the score can stratify ideal TACE candidates into 3 strata with
significantly different outcomes and may shed light on risk
stratification of these patients in clinical practice as well as in
clinical trials.
� 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
According to the guidelines of the American Association for the
Study of Liver Disease (AASLD) and the European Association for
the Study of Liver (EASL), transarterial chemoembolization
(TACE) is currently the only recommended treatment option
for patients with intermediate stage hepatocellular carcinoma
(HCC),1–3 with well-preserved liver function and performance
status.4–6 These patients, as well as those at early stage but con-
sidered unresectable due to tumour size, location, patient age,
and suggestions of stage migration are considered ‘‘recom-
mended” or ‘‘ideal” TACE candidates, i.e., the best target popula-
tion for TACE, and have frequently been set as the target
population in pivotal studies (Table S1A-1B).7–12 However, this
population is rather heterogeneous with a variable median
overall survival of 13–43 months,13 rendering it crucial to
develop a risk stratification tool.14 Indeed, the necessity of strat-
ifying risk in these patients has also been underlined by the
most recent guidelines.14 More importantly, a pre-procedure
prognostic model providing survival estimates after TACE as a
reference may enable outcome comparisons with other treat-
ments and thus could aid clinical decision making.15

Nevertheless, existing models such as hepatoma arterial-
embolization prognostic (HAP) score are mostly derived from
patients receiving TACE in a broader setting beyond guideline
recommendations rather than the best target population for
TACE (Table S1C)16 and although their performance and dis-
crimination have been validated in other settings, it remains
unknown whether a consistent result could be observed, espe-
cially in these recommended TACE candidates. A model estab-
lished especially for this population is therefore urgently
needed and validation of previous models is crucial.
894 Journal of Hepatology 2
screened. HCC was diagnosed by either imaging or histological
evaluation according to the AASLD or EASL guidelines. The tar-
get population is ‘‘recommended” or ‘‘ideal” candidates of TACE,
defined by unresectable BCLC-A patients identified by compre-
hensive assessment and BCLC-B patients. On the basis of pre-
served liver function, good performance status, and no
vascular invasion or extrahepatic spread, the former, according
to the criteria of BCLC staging systems, mainly includes single
nodule >2 cm or up to 3 nodules ≤3 cm whereas the latter refers
to multinodular HCC beyond BCLC-A.25 Notably, although TACE
procedure has been performed in patients with performance
status score 1 and impaired liver function, these patients belong
to BCLC C stage where TACE is not recommended as first-line
therapy, and thus were not considered ‘‘ideal candidates”.
Specifically, the inclusion criteria included: i) treatment-naïve
patients with unresectable HCC receiving TACE; ii) Child-Pugh
score A5-B7; and iii) at least 1 measurable lesion >1 cm. Patients
were excluded based on the following criteria: i) vascular inva-
sion or extrahepatic spread; ii) spontaneous tumour rupture; iii)
comorbidity with other malignancies; iv) decompensated liver
with any systemic or loco-regional therapies; and vii) absence
of baseline imaging information. Patients within each centre
were randomly assigned to training or validation datasets by
computer-generated randomized number. Diameter of the lar-
gest nodule (tumour size, hereinafter measured in centimetres)
and tumour number were evaluated by 2 independent investi-
gators (Bai W. and Xia D.) using either multiphasic computer
019 vol. 70 j 893–903



tomography (CT) or dynamic contrast-enhanced magnetic reso-
nance imaging (MRI).

Treatment procedures
During TACE procedure, an emulsion of mixtures of lipiodol (3–
30 ml) and chemotherapeutic drugs was injected. Doxorubicin
(10–50 mg), cisplatin (10–110 mg), epirubicin (10–50 mg), or
oxaliplatin (100–200 mg) were selected according to the prac-
tice of each centre. Afterwards, either gelatine sponge or polyvi-
nyl alcohol foam (PVA) particles were introduced, and the
embolization was monitored until the tumour arterial flow
was reduced as observed on angiography. Tumour-feeding ves-
sels were embolized either selectively or super-selectively,26

and ‘‘on demand” TACE procedures are scheduled at an interval
of 6 to 12 weeks upon the demonstration of viable tumours or
intrahepatic recurrences by CT/MRI in patients with favourable
clinical and laboratory findings (performance status, liver func-
tion, etc.), as well as the absence of extrahepatic spread or vas-
cular invasion. All procedures were performed by investigators
with at least 8 years of experience.

Statistical analysis
Quantitative variables were presented as median with
interquartile range (IQR) and compared by Student’s t test or
non-parametric Mann-Whitney U test, whereas categorical
variables were presented as counts with percentages and
compared by Chi-squared test or Fisher’s exact test. Overall
Survival (OS) was defined as the time interval between initial
TACE and all-cause death. Patients who survived at last
follow-up date (December 15th, 2017) or lost to follow-up
were censored. Survival curves were estimated using the
Kaplan-Meier method and compared by log-rank test. Univari-
ate and multivariate Cox regression analyses were applied to
the training cohort to identify prognostic factors after multi-
ple imputation had been performed with 5 independent
draws for missing values.

Continuous variables identified as predictors of survival were
analysed with 5-knot restricted cubic splines to evaluate their
correlations with the relative hazard of death and to test non-
linearity. A contour plot was used to depict survival estimates
according to tumour burden. The interactions between predic-
tors were also tested. Possible models for risk stratification were
then developed based on the above analyses, and discrimina-
tion, performance, and calibration were measured by C-index,
likelihood ratio Chi-square, area under time-dependent receiv-
ing operator characteristic curve, and calibration curves, respec-
tively. Akaike information criterion (AIC) was also calculated to
compare the loss of information for different models. Bootstrap-
ping with 1,000 samples was used for model validation in sub-
groups with sample sizes less than 500. The final model was
compared with prognostic models including up-to-seven crite-
ria,27 four-and-seven criteria,28 HAP score,16 modified HAP-II
(mHAP-II) score,29 modified HAP-III (mHAP-III) score,15 inter-
mediate HCC (BCLC-B) sub-classification,21 and albumin-

It was difficult to calculate sample size beforehand due to
scarce evidence in developing a risk stratification model for rec-
ommended TACE candidates. However, the total number of
events (all-cause death) reached 811, and a ratio of 10 events
per variable36 was exceeded given that the expected number
of candidate variables was no more than 20, indicating suffi-
cient accuracy of estimation.

Differences were considered statistically significant when
corresponding p values were less than 0.05. All statistical anal-
yses were performed using R version 3.3.2 with packages
mice,37 rms,38 timeROC,39 and boot.40 All authors had access
to the study data and reviewed and approved the final
manuscript.

Ethics
The study protocol was approved by each participating centre’s
ethics committee. Permission to use the corresponding data was
obtained from all patients by written consent.

For further details regarding the materials used, please refer
to the CTAT table and supplementary information.

Patients screened for
eligibility (n  =  3,819)

Training cohort
(N1 = 807)

Validation cohort
(N2 = 797)

Excluded
•    Other malignancies (n = 29)
•    Previously treated at baseline
     (n = 369)
•    Absence of image information
     (n = 419)

Excluded
•    Vascular invasion or extrahepatic
      spreading (n = 463)
•    HCC rupture (n = 26)
•    Additional systematic
      treatment (n = 21)
•    Decompensation (n = 96)
•    Performance status >0 (n = 792)

Treatment naive HCC
patients (n  =  3,002)

Unresectable HCC
receiving TACE (n  =  1,604)

Randomize to training
and validation sets

Fig. 1. Flow chart of study design. HCC, hepatocellular carcinoma; TACE,
transarterial chemoembolization.
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bilirubin (ALBI) score,30 and with prognostic systems including
BCLC staging system,25 Hong Kong Liver Cancer Staging System
(HKLC),31 TNM staging system by Liver Cancer Study Group of
Japan (TNM-LCSGJ),32 the 8th edition of American Joint Commit-
tee on Cancer TNM staging (AJCC TNM-8),33 Japan Integrated
Staging (JIS),32 Tokyo score,34 and the most recent Italian Liver
Cancer (ITA.LI.CA) prognostic system35 in both training and val-
idation sets, as well as in different subgroups.
Journal of Hepatology 2
Results
Baseline characteristics
A total of 1,604 patients were finally included and randomly
divided into the training (N1 = 807) and validation (N2 = 797)
datasets (Fig. 1). Baseline characteristics were comparable
between the 2 datasets (Table 1). Hepatitis B virus (HBV) was
the main aetiology of HCC (85.2%). Among all the patients,
1,493 had detectable HBV-DNA or hepatitis C virus (HCV)-RNA
019 vol. 70 j 893–903 895



Table 1. Baseline demographics and clinical characteristics in 1,604 patients.

Baseline characteristics Number (%)/Median (IQR)* p value

Entire cohort (N = 1,604) Training cohort (N1 = 807) Validation cohort (N2 = 797)

Gender 0.695
Male 1,390 (86.7) 702 (87.0) 688 (86.3)
Female 214 (13.3) 105 (13.0) 109 (13.7)

Age (yr) 57 (48–65) 57 (48–65) 58 (48–65) 0.738
Aetiology 0.700
HBV 1,366 (85.2) 690 (85.5) 676 (84.8)
Others 238 (14.8) 117 (14.5) 121 (15.2)

Largest tumour diameter, cm 6.1 (3.8–9.8) 6.1 (3.6–10.0) 6.0 (4.0–9.55) 0.783
≤3 262 (16.3) 144 (17.8) 118 (14.8)
>3–≤7 674 (42.0) 318 (39.4) 356 (44.7)
>7–≤10 302 (18.8) 153 (19.0) 149 (18.7)
>10 366 (22.8) 192 (23.8) 174 (21.8)

Tumour number 1 (1–2) 1 (1–2) 1 (1–2) 0.427
1 919 (57.3) 457 (56.6) 462 (58.0)
2 346 (21.6) 174 (21.6) 172 (21.6)
3 158 (9.9) 86 (10.6) 72 (9.0)
>3 181 (11.3) 90 (11.2) 91 (11.4)

AFP, ng/ml 0.408
<400 970 (60.5) 478 (59.2) 492 (61.7)
≥400 591 (36.8) 304 (37.7) 287 (36.0)

Current BCLC staging** 0.539
A 982 (61.2) 488 (60.4) 494 (62.0)
B 622 (38.8) 319 (39.6) 303 (38.0)

Previous BCLC staging** 0.688
A 408 (25.4) 209 (25.9) 199 (25.0)
B 1,196 (74.6) 598 (74.1) 598 (75.0)

Child-Pugh score 1.000
A5 1,239 (77.2) 623 (77.2) 616 (77.3)
A6 289 (18.0) 149 (18.5) 140 (17.6)
B7 76 (4.7) 35 (4.2) 41 (5.1)

ALBI grade 1.000
1 799 (49.8) 409 (50.7) 390 (48.9)
2 782 (48.8) 390 (48.3) 392 (49.2)
3 22 (1.4) 7 (0.9) 15 (1.9)

WBC, 109/L 5.30 (4.03–6.61) 5.28 (4.00–6.69) 5.30 (4.10–6.57) 0.369
RBC, 1012/L 4.41 (4.00–4.83) 4.44 (4.08–4.86) 4.40 (3.93–4.81) 0.988
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and received antiviral treatment, and virologic response
(as defined by recent guidelines41,42) was achieved in 1,374
(92.0%) patients during the study period (681 in training set
and 693 in validations set).

Overall survival
The median follow-up was 22.0 months (IQR 11.9–34.1 months)
and 22.3 months (IQR 12.3–34.2 months) in training and valida-

PLT, 10 /L 134 (87–186)
INR 1.06 (1.00–1.13)
ALT, IU/L 39.00 (26.00–60.00)
AST, IU/L 44.00 (31.00–65.00)
ALB, g/L 39.70 (36.00–43.40)
TBIL, lmol/L 15.60 (11.40–21.70)
BUN, mg/dl 5.40 (4.40–6.40)
Creatinine, lmol/L 71 (61–82)
TACE sessions 3 (2–4)
Radiological assessment
Multiphasic CT 1,281 (79.9%)
Dynamic contrast–enhanced MRI 323 (20.1%)

Follow-up duration 22.0 (11.9–34.1)

AFP, alpha-fetoprotein; ALB, albumin; ABLI, albumin-bilirubin; ALT, alanine aminotr
blood urea nitrogen; CT, computed tomography; HBV, hepatitis B virus; INR, internati
platelet; PS, performance status; RBC, red blood cell; TACE, transarterial chemoemb
* Median with interquartile range are shown for quantitative variables, whereas cou
** With PS0, reserved liver function, and the absence of metastasis or macrovascu

previous BCLC stage considers single tumour ≤5 cm or no more than 3 tumours with m
in the table.
896 Journal of Hepatology 2
tion sets, respectively. A total of 183 (11.4%) patients were lost
to follow-up (84 in the training cohort; 99 in the validation
cohort). The median survival of the entire cohort was 32.9
(95% CI 30.4–35.4) months, with 1-year, 2-year, and 3-year sur-
vival being 81.2%, 60.9%, and 46.5%, respectively. No significant
difference was observed between training and validation sets
(median OS 32.6 [95% CI 28.6–37.0] months vs. 32.9 [95% CI
30.1–36.7] months, p = 0.537), (Fig. 2A-B).

136 (85–188) 133 (89–183.5) 0.148
1.06 (1.00–1.14) 1.06 (1.00–1.15) 0.101

38.00 (27.00–59.00) 40.00 (26.00–61.50) 0.177
44.00 (31.00–66.00) 44.00 (31.00–64.00) 0.162
40.00 (36.10–43.30) 39.40 (35.80–43.45) 0.422
15.60 (11.40–22.00) 15.50 (11.35–21.35) 0.814

5.25 (4.30–6.32) 5.50 (4.51–6.50) 0.102
71 (61–83) 71 (62–82) 0.528

3 (2–4) 3 (2–4) 0.057
0.756

642 (79.6%) 639 (80.2%)
165 (20.4%) 158 (19.8%)

22.3 (12.3–34.2) 21.5 (11.2–33.5) 0.091

sferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; BUN,
al normalized ratio; IQR, interquartile range; MRI, magnetic resonance imaging; PLT,
ization; TBIL, total bilirubin; WBC, white blood cell.
ts with proportions are shown for categorical variables.
invasion, current BCLC staging considers single tumour >2 cm as stage A, whereas
ximum diameter ≤3 cm as stage A. Staging of patients under these 2 criteria is listed
019 vol. 70 j 893–903



Univariate and multivariate analysis
Percentages and patterns of missing values are shown in Fig. S1.
The multivariate Cox regression analysis after multiple imputa-
tion suggested that largest tumour diameter (tumour size),
tumour number, and AFP were independent prognostic factors
(Table S2) that will be considered for model development.

Development of the prognostic model
AFP (≤400 ng/ml vs. >400 ng/ml) was encoded as a categorical
factor, whereas tumour size and number were treated as contin-
uous variables. Restrictive cubic spline functions of tumour size
and number in training and validation sets showed that both
prognostic factors presented a linear profile (non-linearity p val-
ues were 0.08 and 0.15 for tumour number and size in training
set, respectively; and 0.39 and 0.43 in validation set, respec-

Interaction tests between variables suggested no interaction
terms. Two possible models were thus developed: model 1, only
tumour burden profiles were included (tumour size and num-
ber); model 2, tumour burden and AFP were included.

The coefficients of variables derived from Cox regression
analyses in each model were multiplied by 10 and rounded to
one decimal for clinical use, resulting in the following 2 models:

Model 1: linear predictor (LP) = tumour size + tumour
number
Model 2: LP = 1.1 � tumour size + 1.1 � tumour number
+ 3.4 � AFP

(Where ‘‘AFP” is a binary variable with a value of 0 for
AFP ≤400 ng/ml and 1 for AFP >400 ng/ml, and tumour size
and number are continuous variables).
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Log-rank p <0.001

Fig. 2. Treatment outcome according to the current model. (A) Unstratified Kaplan-Meier curve of training set; (B) Unstratified Kaplan-Meier curve of
validation set; (C) Kaplan-Meier curve of stratified survival in training set; (D) Kaplan-Meier curve of stratified survival in validation set. OS, overall survival.
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tively, Fig. 3A–D). When validated in patients with HBV, other
aetiologies and in patients who underwent CT and MRI evalua-
tion, the results were similar: non-linearity p values were 0.06
and 0.06 for tumour size and number in patients with HBV,
respectively; 0.41 and 0.78 in patients with other aetiology,
respectively (Fig. S2); 0.44 and 0.91 in MRI evaluation group,
respectively; and 0.06 and 0.44 in CT evaluation group, respec-
tively (Fig. S3). These results suggested that tumour size and
number could be modelled as continuous linear variables. The
relationship between tumour size, tumour number and 3-year
survival probability were depicted in a contour plot (Fig. 3E).
Journal of Hepatology 2
The time-dependent AUROC value, likelihood ratio (LR) v2,
C-index and AIC of the possible models are shown in Table 2.
Compared with model 1, model 2 (with the addition of AFP
levels) showed only slight improvement regarding time-
dependent AUROC values and C-indices, with insignificant sta-
tistical differences.

Since different aetiology indicates different outcome, and
MRI can be more accurate in detecting viable HCC nodules
under 2 cm and in treatment response evaluation, the entire
cohort was further divided into subgroups according to aetiol-
ogy (HBV and other aetiology) and image assessment modality
019 vol. 70 j 893–903 897
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Table 2. Comparison of the performance and discriminative ability of 2 po

Cohort Models 1-yr AUROC (95% CI) 2-yr AUROC (95

Training* Model 1
LP = TS + TN

0.73 (0.69–0.77) 0.69 (0.65–
(MRI and CT). In these subgroups, the difference in performance
and discrimination between the 2 candidate models was also
insignificant (Table S3).

Given this situation and the purpose of developing an easy-
to-use bedside stratification tool, model 1 was selected as the
final model. Optimism-corrected calibration slopes were 0.97
(standard error: 0.02) in the training set and 0.98 (standard
error: 0.01) in the validation set (Fig. S4). Calibration curves
were also performed in patients with HBV and other aetiologies
(Fig. S5), as well as in patients who underwent MRI and CT
assessment (Fig. S6), with consistent findings.

Model 2
LP = 1.1 � TS + 1.1
� TN + 3.4 � AFP

0.75 (0.70–0.79) 0.69 (0.65–0

Validation** Model 1
LP = TS + TN

0.72 (0.68–0.77) 0.71 (0.67–0

Model 2
LP = 1.1 � TS + 1.1
� TN + 3.4 � AFP

0.73 (0.68–0.77) 0.72 (0.67–0

AFP, alpha-fetoprotein; AIC, Akaike Information Criterion; AUROC, area under receive
formance status; TBIL, total bilirubin; TS, tumour size; TN, tumour number.
* In training cohort, p values for LR Chi-square test and C-index comparison between
** In validation cohort, p values for LR Chi-square test and C-index comparison betw
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ible models.

CI) 3-yr AUROC (95% CI) LR v2 df C-index (95% CI) AIC

.73) 0.65 (0.61–0.70) 77.58 2 0.66 (0.63–0.69) 4,972.50
Based on these findings, a nomogram for individual patient
risk stratification was created (Fig. 4). The 1-year, 2-year, and
3-year survival probability and estimated median survival of
individual patients could be predicted before the TACE proce-
dure with the sum of tumour size and number.

Assessment and comparison of the performance and
discrimination of the current model and other models and
prognostic systems
The performance and discrimination of the selected model and
other tumour-burden-based models (up-to-seven criteria and

.73) 0.65 (0.61–0.70) 87.88 3 0.66 (0.63–0.69) 4,805.24

.75) 0.69 (0.65–0.74) 105.34 2 0.67 (0.64–0.70) 4,554.98

.76) 0.70 (0.65–0.75) 110.81 3 0.68 (0.64–0.71) 4,399.97

r operating characteristic curve; LP, linear predictor; LR, likelihood ratio; PS, per-

models 1 and 2 were 0.001 and 0.276, respectively.
een models 1 and 2 were 0.004 and 0.398, respectively.
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four-and-seven criteria), as well as models involving other
parameters (HAP score, mHAP score, mHAP-II score, mHAP-III
score, BCLC-B sub-classification and ALBI score) were compared
(Table 3). The 1-year, 2-year, and 3-year AUROC values and C-
indices of current model were higher than other models

score accordingly. Consequently, patients were divided into 3
strata: stratum 1, the sum of tumour size and number ≤6; stra-
tum 2, the sum >6 but ≤12; stratum 3, the sum >12.

In the entire cohort, the median OS of the 3 strata from the
lowest tumour burden stratum to the highest were 49.1 (95%
CI 43.7–59.4), 32.0 (95% CI 29.9–37.5), and 15.8 (95% CI 14.1–
17.7) months, respectively. With stratum 1 as reference, the
hazard ratios (HRs) for strata 2 and 3 were 1.76 (95% CI 1.47–
2.11; p <0.001) and 3.69 (95% CI 3.03–4.50; p <0.001), respec-
tively. The median OS of strata 1, 2, and 3 in the training cohort
were 44.3 (95% CI 41.1–57.3), 32.6 (95% CI 27.8–38.5), and 16.8
(95% CI 15.1–19.7) months, respectively. With stratum 1 as ref-
erence, the HRs for strata 2 and 3 were 1.64 (95% CI 1.28–2.10;
p <0.001) and 3.20 (95% CI 2.46–4.17; p <0.001), respectively. In
the validation cohort, the median OS of these 3 strata were 51.9
(95% CI 46.3–NA), 31.8 (95% CI 29.8–39.6), and 14.8 (95% CI
12.3–17.9) months, respectively. With stratum 1 being the ref-
erence, the HRs for strata 2 and 3 were 1.92 (95% CI 1.46–
2.51; p <0.001) and 4.37 (95% CI 3.25–5.90; p <0.001), respec-
tively. Survival curves were significantly different among the 3
strata in training and validation sets (both with log-rank
p <0.001, Fig. 2C-D). Rates of BCLC stage A and B within each
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Fig. 4. Nomogram of the current model for individual survival prediction.
TACE, transarterial chemoembolization; TS: largest tumour diameter in cm;
TN: tumour number.

n

BC

JOURNAL 
OF HEPATOLOGY
(Fig. 5), suggesting a favourable performance and discrimina-
tion, which remained consistent in different subgroups with dif-
ferent age, gender, AFP levels, liver function, aetiology and
imaging assessment modality (Table S4–7). In the comparison
with currently available prognostic systems, the current score
remained favourable for risk stratification in the current target
population (Table S8).

Cut-off value for risk stratification
Apart from individual level outcome prediction, quick evalua-
tion of prognosis levels with cut-off values is also relevant to
routine clinical practice. By examining the C-indices and AUROC
values for different percentiles and quartiles of the selected LP,
cut-off values at the thirtieth percentile and the third quartile
(6.1 and 12.0) were identified for the sum of tumour size and
tumour number, and were then rounded as 6 and 12, respec-
tively. The current model was named as the six-and-twelve

Table 3. Comparison of the performance and discriminative ability betwee

Cohort Models 1-yr AUROC (95% CI)

Training The current model 0.73 (0.69–0.77)
Up-to-seven 0.66 (0.62–0.70)
Four-and-seven 0.66 (0.61–0.70)
HAP 0.67 (0.63–0.72)
mHAP 0.68 (0.64–0.73)
mHAP II 0.67 (0.63–0.72)
mHAP III 0.69 (0.64–0.74)
BCLC-B sub-classification 0.61 (0.58–0.64)
ALBI 0.52 (0.47–0.56)

Validation The current model 0.72 (0.68–0.77)
Up-to-seven 0.65 (0.62–0.69)
Four-and-seven 0.67 (0.62–0.71)
HAP 0.66 (0.61–0.71)
mHAP 0.66 (0.61–0.71)
mHAP II 0.65 (0.61–0.70)
mHAP III 0.70 (0.64–0.75)
BCLC-B sub-classification 0.61 (0.57–0.64)
ALBI 0.51 (0.46–0.56)

ALBI, albumin-bilirubin, AUROC, area under receiver operating characteristic curve;
mHAP, modified HAP.
Journal of Hepatology 2
stratum were listed in Table S9.

Subgroup analysis
The current model could stratify patients into the aforemen-
tioned 3 strata across subgroups including in patients with
different AFP levels (≤400 ng/ml and >400 ng/ml), ALBI grades
(1 and 2), and aetiologies (HBV and other aetiologies), and
image modalities for evaluation (MRI and CT), suggesting a
consistent performance in these populations (Fig. S7). The med-
ian survival and HRs with 95% CIs of the 3 strata in different
subgroups are listed (Table S10).

Discussion
Based on a multicentre, nationwide cohort comprising 1,604
recommended TACE candidates (BCLC-A/B), we developed the
six-and-twelve score that can predict individual outcome with

the current model and other models.

2-yr AUROC (95% CI) 3-yr AUROC (95% CI) C-index (95% CI)

0.69 (0.65–0.73) 0.65 (0.61–0.70) 0.66 (0.63–0.69)
0.63 (0.60–0.67) 0.60 (0.56–0.64) 0.61 (0.58–0.63)
0.63 (0.59–0.67) 0.59 (0.55–0.64) 0.61 (0.58–0.63)
0.64 (0.60–0.68) 0.58 (0.54–0.63) 0.61 (0.58–0.64)
0.65 (0.61–0.69) 0.63 (0.59–0.68) 0.63 (0.60–0.66)
0.65 (0.61–0.69) 0.58 (0.54–0.63) 0.61 (0.58–0.64)
0.65 (0.61–0.70) 0.63 (0.57–0.68) 0.63 (0.59–0.66)
0.61 (0.57–0.64) 0.60 (0.55–0.64) 0.58 (0.56–0.61)
0.53 (0.49–0.57) 0.51 (0.47–0.56) 0.53 (0.50–0.55)
0.71 (0.67–0.75) 0.69 (0.65–0.74) 0.67 (0.64–0.70)
0.65 (0.61–0.68) 0.64 (0.59–0.68) 0.61 (0.59–0.64)
0.63 (0.60–0.67) 0.63 (0.59–0.68) 0.62 (0.59–0.64)
0.63 (0.59–0.67) 0.61 (0.56–0.66) 0.61 (0.58–0.64)
0.64 (0.69–0.68) 0.60 (0.55–0.65) 0.61 (0.58–0.64)
0.64 (0.60–0.68) 0.61 (0.56–0.66) 0.61 (0.58–0.64)
0.70 (0.66–0.75) 0.66 (0.61–0.71) 0.65 (0.62–0.69)
0.61 (0.57–0.64) 0.62 (0.58–0.66) 0.59 (0.56–0.61)
0.53 (0.49–0.57) 0.56 (0.52–0.61) 0.53 (0.50–0.55)

LC, Barcelona Clinic Liver Cancer; HAP, hepatoma arterial-embolization prognostic;
019 vol. 70 j 893–903 899



the cut-off values for risk stratification have long been contro-

candidates an open issue,27 whereas the latter criteria stemmed
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favourable performance and discrimination, and with the sum
of tumour size and number ≤6, >6 but ≤12, and >12, the score
identified 3 prognostic strata presenting significantly different
median survival of 49.1 months, 32.0 months, and 15.8 months,
respectively. The strength and novelty of the current study lies
in: i) conducting the study based on a consecutive multicentre
cohort with a large sample size; ii) developing the first prognos-
tic model specifically for ideal TACE candidates rather than all
patients undergoing TACE; iii) finding that tumour burden alone
can be used for outcome prediction in recommended TACE can-
didates; iv) adopting a continuous instead of categorized model
presentation to provide individualized and stratified survival
estimates for clinical practice and clinical trials.

The median OS of 32.9 months in the current cohort was
obviously longer than the 19.8 month median OS reported by
Lencioni et al. in a recent systematic review on TACE,43 proba-
bly because the current study identified ideal TACE candidates
as the target population. On the contrary, the 2018 EASL
guidelines mentioned a median survival of 40 months in
well-selected candidates,14 which was much more similar to
the current study. Indeed, the studies used to draw this con-
clusion in the guidelines17,44,45 shared similar study population
staging characteristics as the current study. In these studies,
22–41% patients were at stage A under the previous version
of BCLC staging criteria according to the information provided
by the authors, and in the current study, about 25% patients
belong to stage A under the previous BCLC criteria (Table 1).
The median survival of the 3 strata identified by the six-and-
twelve score varies approximately within a range of 13–
43 months, consistent with previous reports.13,43,46 Patients
within the best outcome strata had similar median survival
to untreated patients with early stage HCC, whereas the stra-
tum with the highest tumour burden had a median survival
close to the 16 months reported for untreated patients with
intermediate stage HCC.47-49 This further demonstrates that
this population includes patients with different prognoses even
when liver function and performance status are preserved,
supporting the importance of risk stratification of these
patients in clinical practice and trials.
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The target population is the core issue of prognostic models,
since the characteristics and heterogeneity of the population
determine the parameters, presentation, and performance of
the final model. The best target population for TACE has been
identified as the study population in pivotal randomized con-
trolled trials and cohort studies of TACE, yet investigations
regarding its internal homogeneity are lacking. This may intro-
duce unrecognized confounding which could influence the
results of these studies, thus a risk stratification score for iden-
tifying and reducing heterogeneity is needed. Particularly, as is
shown in Table S8, the constituent ratio of BCLC stage A and B
within strata 2 and 3 identified by current prognostic model
were similar, yet patient outcomes were significantly different,
suggesting that the current score can further stratify patients on
the basis of the BCLC staging system. Previous scores such as
four-and-seven score and HAP score targeted all patients trea-
ted by TACE, with the inclusion of cases beyond recommenda-
tion potentially influencing patient characteristics and
heterogeneity profiles. The current study, however, fixed on this
population for the first time, which is characterized by unre-
sectable HCC, preserved liver function (mainly Child-Pugh A
grade) and acceptable performance status due to the inclusion
criteria set by these trials and studies, with no exclusion criteria
on tumour size or number as in previous pivotal studies
(Table S1A–1C).

In this population, tumour burden is a fundamental prognos-
tic factor of HCC among all candidate predictors regardless of
systemic or loco-regional treatment.17,27,50,51 Intriguingly,
although the predictive value of tumour burden seems obvious,
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C

 (t
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6 12

Six-and-twelve
Up-to-seven
Four-and-seven
HAP
mHAP II
mHAP III
BCLC-B sub
ALBI

3024 3618
Time (months)
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0.5

0.6

0.7

0.8

0.9

1.0

ilable models. (A) Time-dependent AUROC values in training set; (B) Time-
a under receiver operating characteristic curve; BCLC, Barcelona Clinic Liver
versial, and most of the models featuring tumour burden
adopted arbitrary or empirical cut-offs,16,21,28,29,52–57 except
for the ‘‘up-to-seven” and ‘‘four-and-seven” criteria. However,
the former was originally derived from liver transplantation
candidates, rendering its application in recommended TACE
from a cohort with limited sample size, calling for further inves-
tigations in large cohorts.56 In light of this situation, the six-and-
twelve score was advantageous in being developed specifically
019 vol. 70 j 893–903
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for ideal TACE candidates and adopting evidence-based cut-off
values on the basis of a large multicentre cohort, thus providing

more precise criteria for stratification.

During the model development process, performance status

was good in all patients, therefore was not included as a vari-
able. However, liver function and biological features still might
be crucial determinants of prognosis23 and were primarily con-
sidered for model development. Interestingly, unlike in previous
scores where bilirubin and albumin are major components,
these liver function parameters were not identified as indepen-
dent prognostic factors according to Cox regression analysis,
whereas the addition of the biomarker AFP on the basis of
tumour burden (model 2) only provided marginal improvement
compared to the tumour-burden-based model, without statisti-
cally significant difference (Table 2) regarding model perfor-
mance. This is probably due to the difference in the degree of
heterogeneity regarding these parameters within the current
population. While tumour burden varies in a relatively wide
range, liver function parameters were at a relatively well-
preserved level, therefore, tumour burden profiles may play a
major role in prediction, while other parameters contribute less
to model performance. This disparity of homogeneity in differ-
ent parameters may also explain the findings that the six-and-
twelve score exhibited better performance and discriminative
capability than models including more non-tumour-burden
parameters but fewer tumour characteristics (HAP score,
BCLC-B sub-classification and ALBI score). Understandably,
mHAP-II score performed better than HAP score but the advan-
tage was marginal, probably because the former added tumour
number but encoded it as a categorized variable. However, it
should be acknowledged that models such as HAP score and
ALBI score have been validated in other settings, and the
absence of their superiority over the six-and-twelve score in
this population does not necessarily devalue these scores, espe-
cially in populations other than ideal candidates of TACE, due to
the increased heterogeneity regarding liver function and perfor-
mance status. For the same reason, the six-and-twelve score
should be further validated in other patients, but still, it appears
to be a favourable solution for risk stratification of the best tar-
get population for TACE.

An ideal prognostic model for risk stratification should not
only be developed with appropriate methods, but also be con-
cise for clinical application.23 A continuous prognostic tool
might better meet the demand. For one thing, loss of informa-
tion can be reduced with the maintenance of continuity, as
was supported in comparison between different models
(Table 3). As the only continuous prognostic tool among all pre-
vious models, mHAP-III score presented the highest AUROC val-
ues among them, approaching that of the six-and-twelve score.
Nevertheless, the six-and-twelve score is simpler for quick bed-
side assessment of patient outcome regardless of AFP level, liver
function, or aetiology according to subgroup analysis. Addition-
ally, individualized prediction can be achieved with a continu-
ous prognostic score. Using a nomogram, the current score
can be more informative by providing survival probability pre-
diction at different time points for ideal candidates awaiting
the TACE procedure, compared to models and scores with cate-

gorized presentation. Last but not least, another strength of this

study is the clinical usefulness of the model. The current prog-
nostic score, not including radiological response despite its pre-
dictive value, reserved the feature of being applied at baseline.
When the TACE procedure is considered for a candidate with
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unresectable HCC, the six-and-twelve model can return an esti-
mated survival probability and median survival as a referential
for comparison with expected survival under other treat-
ments.15 For instance, the current score identifies that patients
with a sum of tumour size and number exceeding 12 have a
median survival of about 15 months, shorter than that of inter-
mediate stage patients who receive sorafenib for being unfit for
or unresponsive to loco-regional treatment.58,59 This suggests
that although all the best target population is supposed to ben-
efit from TACE, the survival improvement for patients in the
highest tumour burden stratum may be moderate, and the deci-
sion of performing exclusive TACE should be scrutinized, calling
for further investigations on strategy refinement in this stratum.
In a broader sense, the current model may provide risk stratifi-
cation criteria to control heterogeneity in future clinical trials
that continue to target ideal candidates of TACE.

There are some limitations to our study. Firstly, the risk of
selection bias is unavoidable in observational studies. However,
this risk has been minimized by the inclusion of all consecutive
patients and a large cohort of unresectable HCC candidates of
TACE to date. Secondly, HCC in Chinese patients is mainly
HBV-related, and might present different tumour characteristics
from those in patients from other regions where HCC is charac-
terized by less tumour burden and by other aetiologies such as
HCV or alcohol use.18 Moreover, although liver function param-
eters were not identified as significant predictors in the current
cohort, their prognostic value may still be crucial in patients at a
later stage, especially in patients with other aetiologies who
might be more prone to liver function impairment after TACE.6

However, the subgroup analysis regarding aetiology with boot-
strapping suggested that our model could be effectively applied
in patients with aetiologies other than HBV. Still, it should be
admitted that further large-scale external validation in different
regions is necessary. Thirdly, treatment response was not con-
sidered a candidate parameter. Nevertheless, models including
this parameter can only be applied when response can be eval-
uated after the procedure, leading to a delay in the timing of
stratification. Given this limitation, as well as other aforemen-
tioned points, the application of our model as a vital prognostic
tool in other settings should be further validated.

In conclusion, stemming from a large multicentre cohort of
1,604 patients, the six-and-twelve score is the first prognostic
model for stratifying recommended TACE candidates. With an
easy-to-use presentation consisting of tumour burden charac-
ters, the model exhibited adequate performance with individu-
alized prediction and can stratify patients into 3 strata with
significantly different median survival. Therefore, the six-and-
twelve score may be helpful for assessing outcomes in clinical
practice and for designing clinical trials with comparable crite-
ria and stratified risk. Further validations in patients with differ-
ent aetiologies from both Eastern and Western cohorts remain
highly warranted.
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