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1  | INTRODUC TION

The prognostic classification of patients with hepatocellular carci-
noma (HCC) is problematic since overall survival is influenced by tu-
mour burden, residual liver function, and patient performance status. 
Over the last few years, several systems were developed to predict 
the prognosis of patients undergoing trans-arterial chemoemboliza-
tion (TACE).1-9 Among all the proposed, the Pre-TACE-Predict model 
is the largest and most comprehensive model, applicable prior to 
treatment fulfilling decision-making needs.9

The Pre-TACE-Predict model includes tumour features [num-
ber and largest diameter, presence/absence of macrovascular in-
vasion, and alpha-fetoprotein (AFP) values], liver tests (albumin 
and bilirubin) and, unique among the available prognostic models, 

aetiology of liver disease (hepatitis virus B, C, and alcohol). This 
peculiarity is important considering that the Pre-TACE-Predict 
model was generated including both Eastern and Western patients, 
thus potentially accounting for the variability related to the world-
wide epidemiologic features of HCC. However, one model may not 
necessarily fit every different population. Indeed, in its external 
validation process, the Pre-TACE-Predict model showed better ac-
curacy in Eastern than in Western patients. In this regard, given 
the potential use of this clinical decision aid, its generalized use in 
the clinical practice should follow the demonstration of a reliable 
prognostic capability in independent series, especially in Western 
populations.10-12

In the present study, we performed an independent external 
validation applying the most severe level of stringency, that differ 
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Abstract
Background & Aims: The Pre-TACE-Predict model was devised to assess prognosis 
of patients treated with trans-arterial chemoembolization (TACE) for hepatocellular 
carcinoma (HCC). However, before entering clinical practice, a model should demon-
strate that it performs a useful role.
Methods: We performed an independent external validation of the Pre-TACE model 
in a cohort that differs in setting and time period from the one that generated the 
original model. Data from 826 patients treated with TACE for naïve HCC (2008-2018) 
were used to assess calibration and discrimination of the Pre-TACE-Predict model.
Results: The four risk-categories identified by the Pre-TACE-Predict model had gra-
dient monotonicity, with median survivals of 52.0, 36.2, 29.9, and 14.1 months re-
spectively. However, predicted survivals systematically underestimated observed 
survivals (R2: 0.667). A recalibration was adopted maintaining fixed the prognostic 
index and modifying the baseline survival function. This resulted in an almost perfect 
calibration (R2: 0.995) in all the four risk categories. Cox regressions showed that ae-
tiology and macrovascular invasion, included in the Pre-TACE-Predict model, had no 
prognostic impact in the present study population, and that coefficients for tumour 
size and multiplicity were overestimated. The c-index was similar to that of the m-
HAP-III, but higher than those of HAP, m-HAP-II and the six-and-twelve models.
Conclusions: The recalibration of Pre-TACE-Predict model improved the estimation 
of survival probabilities of HCC patients treated with TACE. The highest discrimina-
tory ability of the Pre-TACE-model in comparison to other available models, together 
with risk stratification and recalibration, makes it the best prognostic tool currently 
available for these patients.

K E Y W O R D S

hepatocellular carcinoma, prediction model, recalibration in the large, survival, trans-arterial 
chemoembolization
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in terms of investigators, location and recruitment calendar period 
from those which produced the original model.11,12

2  | METHODS

2.1 | Study population

Data derived from the Italian Liver Cancer (ITA.LI.CA) registry, which 
prospectively collected data of HCC patients diagnosed and treated 
in 24 centres across Italy since 1987. The ITA.LI.CA database con-
forms to the current Regulation (EU) 2016/679 of the European 
Parliament and of the Council of 27 April 2016 on the protection 
of natural persons regarding the processing of personal data, and to 
the ethical guidelines of the Declaration of Helsinki. From a total of 
7816 registry’ entries, 5196 diagnosed between January 2008 and 
December 2018 were retained for the present analysis. Of these, 
4142 patients who did not receive TACE as the main therapy for a 
naïve HCC were excluded. This exclusion step contemplates that 
TACE was the main therapy adopted in a hierarchical therapeutic 
order, so that patients who received TACE before other potentially 
curative therapies, including liver transplantation, were not included 
in the analysis, since these patients have not TACE registered as the 
main therapy.13,14 Of the 1054 selected patients, 193 were excluded 
because data were shared with the pre-TACE model published by 
Han et al, and additional 35 cases were excluded because of an in-
complete data entry.9 Therefore, the study population consisted 
of 826 patients treated with TACE for naïve HCC, not shared with 
the previously published model and with all necessary data for the 
planned validation study.

2.2 | Description of the pre-TACE model

The Pre-TACE-Predict model includes variables available before 
treatment such as tumour number, size, AFP, albumin, bilirubin, ab-
sence/presence of macrovascular invasion, hepatitis B, hepatitis C 
and alcohol as aetiologic factors.9 The model derived from a set of 
1714 patients, internally validated in another 1714 patients, and ex-
ternally validated in 407 Western and 786 Eastern patients. Details 
of the formula are described in the Appendix section (Supplementary 
material) and it can be accessed at: https://predi​ction​-models.liver​
pool.ac.uk/tace. In its continuous form, the Harrell's C index in the 
external Western cohort was 0.613 [standard error (SE): 0.017] with 
a Gönen & Heller's K-index of 0.587 (SE: 0.016).

On the basis of the linear predictor derived from the model, four 
risk categories were identified: ≤0.94 (risk category #1), >0.94 to 
≤1.47 (risk category #2), >1.47 to ≤2.10 (risk category #3) and >2.10 
(risk category #4). In the external Western validation, the corre-
sponding median survivals were 34.8, 24.0, 17.1 and 8.3 months re-
spectively. Predicted survival of each category remained well within 
the 95% confidence intervals (CI) of the observed Kaplan–Meier 
rates, providing evidence for good calibration of the stratification.9

3  | METHODOLOGY

In prognostic models, patients and clinicians are interested in the 
future risk of the disease rather than the probability of a positive 
test.15,16 Discrimination serves to separate patients with and with-
out the outcome, and the discriminatory ability is important in diag-
nostic settings, where a separation between people with or without 
the disease according to the test result or model score is needed. 
Calibration concerns the agreement between the observed and the 
predicted risk, and a good calibration is very important in prognostic 
settings where a prediction of the future risk of a specific patient 
group is desirable. Models with adequate calibration by the pre-
dicted risk strata provide useful information for medical decision 
making.17

On this background, our primary endpoint was to assess calibra-
tion of the Pre-TACE-Predict model in a large, independent, external 
validation cohort. In order to do so, the predicted 6-, 12-, 24- and 
36-month survival rates were computed for all patients and median 
values of risk categories were compared with survival rates from 
Kaplan–Meier curves. Relationships between median predicted and 
observed values were graphically inspected and measured through 
R2 calculation. Eventual need for recalibration was accomplished 
through the ‘calibration-in-the-large’, avoiding modifying the linear 
predictor achieved by refitting the baseline survival rates for the 
present data as described by Royston and Demler.11,18

The second aim of the study was to verify the discrimination abil-
ity of the Pre-TACE-Predict model. To this end, the non-stratified 
linear predictor was measured with the common Harrell's C index 
and Gönen & Heller's K index. In particular, this latter indicator is 
considered a more robust concordance index than the Harrell's C 

KEY POINTS

Trans-arterial chemoembolization (TACE) is a palliative 
treatment commonly used in clinical practice for the treat-
ment of primary liver cancer. The prognosis of patients 
undergoing TACE is quite heterogeneous due to a num-
ber of factors, mainly related to both patients and tumour 
characteristics. The Pre-TACE is a prognostic model that 
has shown to be able to accurately predict prognosis in a 
large series of patients undergoing TACE. However, before 
entering clinical practice, a model should demonstrate that 
it performs a useful role. In this study, we performed an 
independent external validation of the Pre-TACE model in 
a cohort that differs in setting and time period from the 
one that generated the original model. We observed that a 
recalibration of Pre-TACE-Predict model improved the es-
timation of survival probabilities of HCC patients treated 
with TACE, and that, in comparison to other available mod-
els, it is the best prognostic tool currently available for 
these patients.
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index, since it relaxes the proportion of censored cases.19 In the 
presence of an elevated number of censored events, the Harrell's C 
index increases deceptively.20

Regression coefficients for one or more covariates in the Pre-
TACE-Predict model may differ between original derivation and 
the present external validation datasets. This was formally tested 
by running a first Cox regression on the covariates forming the Pre-
TACE-Predict model in the current dataset (using clustering to ac-
count for the multi-institutional origin of data) and comparing the 
obtained coefficients to those previously published. Subsequently, a 
second identical Cox regression was adopted ‘offsetting’ the original 
PI evaluated in the validation dataset, so that the coefficient of PI 
was constrained to equal 1. In a hypothetical perfect model, these 
latter variable coefficients would be 0.11,18 All the analyses were 
conducted in Stata (16.1, StataCorp LLC).

4  | RESULTS

Baseline characteristics of the 826 patients included in the study are 
reported in Table 1. The main differences in our series as compared 
to the original series by Han et al were the higher prevalence of HCV 
patients, the lower prevalence of macroscopic vascular invasion, 
and the overall smaller tumour burden.9 During a median follow-up 
of 44.3  months [interquartile range (IQR): 23.2-70.4  months], 426 
patients died (51.6%) with 400 censored events (48.4%). The me-
dian survival was 37.2 months (IQR, 19.1-77.3 months), and the 6-, 
12-, 24- and 36-month survival rates were 97.1%, 88.1%, 67.6% and 
51.9% respectively.

The median value of Pre-TACE-Predict linear predictor (PI) was 
1.23 (IQR, 0.92-1.57). Applying the proposed risk classes, 229 pa-
tients were in category #1 (27.7%), 347 in category #2 (42.0%), 199 
in category #3 (24.1%) and 51 in category #4 (6.2%). Kaplan–Meier 
survival rates are reported in Figure 1. Median survivals for each cat-
egory were 52.0 (IQR, 29—not reached), 36.2 (IQR, 20.1-77.3), 29.9 
(IQR, 15.1-52.8) and 14.1 months (IQR, 8.1-7.1) respectively.

4.1 | Calibration

Calibration of the Pre-TACE-Predict model is depicted in Figure 2A. 
The R2 calculated between the observed survival rates and those pre-
dicted by Pre-TACE-Predict model was 0.667. Notably, observed sur-
vival rates were always higher than the predicted ones, suggesting a 
systematic underestimation by the prediction model. Predicted ver-
sus observed survival rates by risk groups are reported in Figure S1.

Recalibration through ‘calibration-in-the-large’ was applied re-
fitting the baseline survival for the present data and the following 
S0(t) values were obtained: 0.97, 0.86, 0.63 and 0.48 for probabilities 
at 6-, 12-, 24- and 36-month respectively. Applying these new S0(t) 
values, calibration remarkably ameliorated (Figure 2B) and the R2 in-
creased to 0.995. Predicted versus observed survival rates by risk 
groups after recalibration are reported in the Figure S2.

4.2 | Discrimination

In the present study population, the Harrell's C index of the linear 
predictor (PI) of the Pre-TACE-Predict model was 0.625 and the 
Gonen and Heller's K was 0.599. Hazard ratios (HRs) of components 
of the Pre-TACE-Predict model estimated here and compared to 
those published from the original model are reported in Table 2, to-
gether with coefficients obtained when the linear predictor was also 
included and constrained to 1.

Alpha-fetoprotein (HR: 1.27; 95% CI: 1.12-1.45) and albumin 
(HR: 0.97; 95%CI: 0.95-0.99) confirmed their prognostic role with 

TA B L E  1   Clinical characteristics at diagnosis of 826 patients 
treated with TACE for HCC between 2008 and 2018

Variables
All patients 
(n = 826)

Age [years (median; IQR)] 70 (63-76)

Male (%) 645 (78.1)

Aetiologya (%)

Hepatitis C 428 (51.8)

Hepatitis B 83 (10.1)

Alcohol 258 (31.2)

Other 126 (15.3)

Symptoms at diagnosis 64 (7.9)

ECOG PS (%)

0 597 (72.3)

1 186 (22.5)

2 43 (5.2)

Albumin [g∕L (median; IQR)] 36 (32-39)

Bilirubin [μmol∕L (median; IQR)] 18.8 
(13.7-27.4)

MELD (median; IQR) 9 (8-11)

Ascites at diagnosis (%) 909 (19.0)

Child-Pugh class (%)

A 590 (71.4)

B 221 (26.8)

C 15 (1.8)

Nodular pattern (%)

Single lesion 414 (50.1)

Up to 3 lesions 360 (43.6)

>3 lesions 52 (6.3)

Largest diameter [cm (median; IQR)] 3.2 
(2.4-4.5)

Macrovascular invasion (%) 33 (4.0)

AFP [ng/mL (median; IQR)] 25 (6-90)

Note: Abbreviations: AFP, alpha-fetoprotein; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; MELD, model for 
end-stage liver disease.
aOne patient can have more than one cause of liver disease, so the sum 
of aetiologies did not necessarily sum to 100%.
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values very similar to those published. Offsetting the linear predic-
tor returned coefficients of 0.01 for both, indicating that the Pre-
TACE-Predict model had an almost perfect prognostic accuracy for 
these two parameters. Tumour size (HR: 2.27; 95% CI, 1.39-3.71) 
and multifocality (HR: 1.19; 95% CI, 1.02-1.49) also determined 
overall survival, but their HRs were lower than those of the Pre-
TACE-Predict model (coefficients: −0.43 and −0.18, respectively). 
Bilirubin was another prognostic indicator (HR: 1.78; 95% CI, 1.28-
2.46) but with a HR higher than that of the Pre-TACE-Predict model 
(coefficient: 0.12). Conversely, macrovascular invasion and aetiol-
ogy of liver disease had no prognostic relevance in the present ex-
ternal validation.

4.3 | Comparison with other scores

To evaluate if other available models discriminate better than the 
Pre-TACE-Predict model (C = 0.625, K = 0.599), the linear predictors 
of hepatoma arterial-embolization prognostic (HAP), m-HAP-II, m-
HAP-III and of the six-&-twelve models were also evaluated in this 
series (Table 3).

Compared to the Pre-TACE-Predict model, the linear predictor of 
the m-HAP-III model showed very similar Harrell's index (C = 0.630) but 
lower Gonen and Heller's value (K = 0.579). The HAP model showed 
both lower Harrell's index (C = 0.587) and Gonen and Heller's value 
(K = 0.574), and these figures were similar to those of the m-HAP-II 
model (C = 0.582, K = 0.573). Lastly, the six-&-twelve model showed a 
Harrell's index (C = 0.588) similar to HAP and m-HAP-II models but had 
the lowest Gonen and Heller's value (K = 0.565).

The comparison of Harrell's C indexes among the models evalu-
ated disclosed that the Pre-TACE-Predict and the m-HAP-III models 
had similar discriminant ability, which was superior to those of HAP, 
m-HAP-II and six-&-twelve models (Table S1).

5  | DISCUSSION

Prognostic models should meet several needs of clinical care. They 
can be used to inform patients and their families about the expected 
disease course, to drive decisions on the treatment that can benefit 
most the patient and to stratify patients by disease severity when 
planning clinical trials.11,12 Suitable prognostic models in the setting 
of TACE are especially useful in the choice of the treatment, consid-
ering the available therapeutic alternatives.21

Options for validation depend on the available information de-
scribing results from the derivation datasets. The current literature 
pertinent on TACE survival prediction models showed the availabil-
ity of four levels of information: (a) the description of PI resulting 
from multivariable regression coefficients; (b) the generation of risk 
categories; (c) the presence of stratified Kaplan–Meier curves; (d) the 
description of baseline survival function to allow for model repro-
ducibility. Among all published models, only the Pre-TACE-Predict 
one fulfils all of them,9 whereas the remaining models lack one or 
more of these aspects: HAP and m-HAP-II only described the PI and 
then formed four different risk groups, without calibrations,2,5 and 
the m-HAP-III lacks risk categorization and consequently stratified 
survival curves.6 Lastly, the six-&-twelve model provided a nomo-
gram for survival prediction without reporting baseline survival 
function.8 Therefore, the Pre-TACE-Predict model is the best de-
scribed one, allowing for both external discrimination and, more im-
portantly, calibration.

The distinction of the four risk categories provided by the Pre-
TACE-Predict model well stratified patients with different survival 
probabilities (Figure 1). However, we noted that the corresponding 
median survivals were consistently lower than those published in 
the external Western validation cohort.9 In that cohort, median sur-
vivals of the four categories were 34.8, 24.0, 17.1 and 8.3 months, 
respectively, while our corresponding median survivals were 52.0, 

F I G U R E  1   Kaplan–Meier survival 
curves of the four risk groups identified by 
the Pre-TACE-Prediction model
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36.2, 29.9 and 14. months. This was not an unexpected finding, as 
the therapeutic landscape in any condition progresses (eg improve-
ment in treatment of the underlying liver disease, or of TACE tech-
nique) the predicted survival of a model may underestimate the 
observed survival in more recent populations. This difference, to-
gether with the observed monotonicity of our Kaplan–Meier curves, 
indicates that the Pre-TACE-Predict model was miscalibrated in our 
external validation cohort. In this regard, it should be observed that 
calibration performance of prediction models based on regression 

algorithms commonly receives little attention, despite the fact that 
poorly calibrated algorithms can be misleading and potentially harm-
ful for clinical decision-making. In such situations, the model update 
is indicated.22 The observation that predicted values were system-
atically lower than the observed ones (Figure  2A and Figure  S1) 
allowed us to use the ‘calibration-in-the-large’ which provided the 
necessary accuracy in survival prediction to the model.23 Final re-
sults indicated that baseline survival rates at 6, 12, 24 and 36 months 
after TACE are 0.97, 0.88, 0.63 and 0.48 respectively, and that they 
can adequately predict our observed events. Nevertheless, it is pos-
sible that these expected survival rates are inaccurate for the pub-
lished internal and external cohorts of the original model devised in 
the Han et al publication.9

Therefore, we thought that some solutions might be sug-
gested in order to improve the fine tuning of the model. A practi-
cal solution would rely on the overall patient survival after TACE 
observed in the health care system in which the clinician should 
decide whether or not to submit the patient to TACE. The me-
dian overall survival of the whole Pre-TACE-Predict cohort was 
19.9  months, whereas it was 37.2  months in our cohort. The 
knowledge of median survival of their TACE patients allows cli-
nicians to decide to adopt the original Pre-TACE-Predict model 
(in the case of similar low median survival), or the recalibrated 
model (in the case of higher median survival). In other words, if 
the decision-maker feels that the original Pre-TACE-Predict model 
may underestimate survival probabilities, he/she can shift to the 
recalibrated model. Both calculators can be found here: https://
jscalc.io/calc/2omTf​eWrmO​Lc41ei.

An interesting finding of our study is the improved survival of our 
patients compared to the one observed in the cohort that generated 
the Pre-TACE-Predict model, which was the main cause of the sys-
tematic underestimation of survival in each risk stratum. There are 
several possible explanations for this finding. Firstly, when deciding 
the level of stringency of our external validation, we examined a time 
period different from the one of the original model and in particular 
75.5% of data used to generate the Pre-TACE-Predict model refer to 
HCC cases managed prior to January 2012, whereas this proportion 
was 29.3% in our cohort. The survival of the present cohort is even 
longer than the one reported in the m-HAP-III cohort (24.6 months), 
including similar patients but dated to the period 2000-2012.6 These 
observations remark the improved survival observed after TACE 
over time, thanks to a better patient selection and the continuous 
technical refinements of intra-arterial treatments.24,25 Moreover, 
our cohort was formed by 51.8% of patients with chronic hepatitis C 
infection, and about half of them received TACE in the Direct Acting 
Antivirals (DAA) era. This is the highest proportion of patients with 
hepatitis C virus infection among centres included in the Pre-TACE-
Predict model so that it is conceivable that a higher proportion of 
our HCC patients benefited from the effects of the sustained viral 
response provided by DAA (administered before tumour detection 
or after a complete radiological response) on cirrhosis progression 
and amenability to either re-treatment or sorafenib in the case of 
disease progression. Although the survival benefit of sorafenib after 

F I G U R E  2   A, R-squared of observed versus predicted survival 
rates. As noticeable, predicted values were always lower than 
the observed suggesting a systematic underestimation of the 
prediction model. B, After recalibration, predicted values were very 
near to the observed ones

https://jscalc.io/calc/2omTfeWrmOLc41ei
https://jscalc.io/calc/2omTfeWrmOLc41ei
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TACE is currently under investigation, an improvement in time-to-
progression has been reported.26-29 Therefore, the combination of 
technique refinement, a high prevalence of hepatitis C virus positive 
patients and the DAA-induced clearance of the infection in some 
of them, and, eventually, the sequential use of sorafenib can be 
considered the reasons for the long survival observed in our TACE 
population.

Another cause of underestimation by the Pre-TACE-Predict 
model might be identified in the low prevalence of macroscopic vas-
cular invasion in our cohort (4%). The inclusion of this unfavourable 
variable into the Pre-TACE-Predict model, together with the null 
effect of aetiology, could have upsized the relative ‘effect size’ of 
the remaining parameters, producing higher coefficients and hence 
lowering predicted survivals. The recalculation of the HRs for tu-
mour size and multiplicity yielded considerably lower values than 
the original ones (Table 2), being only the HRs of AFP and albumin 
very similar to those of the Pre-TACE-Predict model. Conversely, a 
more weight was observed for bilirubin, but despite this the Pre-
TACE-Predict model underestimated, thus tumour features prob-
ably affect prognosis more than liver function tests. All in all, we 
feel that the lower weight attributed by the recalibrated model to 
macroscopic vascular invasion and aetiology of liver disease might 

more closely reflect the population of patients who in the future 
will be treated with TACE, as the widespread treatment of HCV 
patients with DAA will likely equalize this variable by avoiding the 
risk of death due to liver decompensation following successful on-
cological treatment, while the advent of other therapeutic options 
with competitive overall survival rates and a lower likelihood of post-
treatment hepatic decompensation—such as trans-catheter arterial 
radio-emobolization and new systemic treatments—will decrease 
the proportion of patients with macroscopic vascular invasion un-
dergoing TACE.30-33

With the exception of aetiology and macrovascular invasion, the 
remaining prognostic factors (multiplicity, size, AFP, albumin and bil-
irubin) are present even in the m-HAP-III model. Consequently, it 
was not surprising that the discrimination ability of the Pre-TACE-
Predict model and of the m-HAP-III was very similar. However, the 
Pre-TACE-Predict model overcomes the limit of the lack of risk cate-
gorization of the m-HAP-III model, maintaining a similar C index (and 
better Heller's K) and providing good prediction after recalibration. 
Moreover, considering that the Pre-TACE-Predict model was also 
superior to HAP, m-HAP-II and the six-&-twelve models, it can be 
stated that it is the best prognostic model currently available for 
HCC patients undergoing TACE.

TA B L E  2   Results from multivariable Cox regressions of the pre-TACE-predict parameters in the present study population

Pre-TACE-Predict parameters Present validation HR (95% CI) Published data HR (95% CI)
Offsetting linear 
predictor Coeff. (95% CI)

Multifocal 1.19 (1.02-1.49) 1.35 (1.13-1.61) −0.18 (−0.36 to 0.09)

Size (log 10, cm) 2.27 (1.39-3.71) 4.08 (3.16-5.27) −0.43 (−0.92 to 0.06)

AFP (log 10, ng/ml) 1.27 (1.12-1.45) 1.34 (1.27-1.43) −0.01 (−0.11 to 0.14)

Albumin (g/L) 0.97 (0.95-0.99) 0.99 (0.97-1.01) −0.01 (−0.03 to 0.01)

Bilirubin (log 10, μmol∕L) 1.78 (1.28-2.46) 1.43 (1.02-2.09) 0.12 (−0.21 to 0.44)

Vascular invasion 1.05 (0.58-1.88) 2.38 (1.86-3.05) −0.48 (−1.07 to 0.10)

Aetiology

HCV Ref. Ref. Ref

HBV 1.13 (0.85-1.49) 1.46 (1.21-1.77) −0.03 (−0.31 to 0.25)

Alcohol 1.07 (0.79-1.46) 1.47 (1.19-1.83) −0.26 (−0.57 to 0.04)

Other 1.15 (0.89-1.50) 1.55 (1.22-1.97) −0.07 (−0.34 to 0.19)

Abbreviation: HR, hazard ratio.
Present HR were compared with published data. Offsetting the linear predictor means that the PI from the Pre-TACE-Predict model was constrained 
to 1 to evaluate the deviance of the variable coefficients from the 0. In a hypothetical perfect model, these latter coefficients would be 0.

TA B L E  3   Discrimination indexes of various pretreatment models

Model Harrell's C
Gonen and 
Heller's K 6-month AUC 12-month AUC 24-month AUC 36-month AUC

Pre-TACE-Predict 0.625 (0.015) 0.599 (0.012) 0.655 (0.063) 0.698 (0.029) 0.654 (0.023) 0.631 (0.033)

m-HAP-III 0.630 (0.015) 0.579 (0.010) 0.698 (0.057) 0.715 (0.028) 0.664 (0.022) 0.654 (0.023)

HAP 0.587 (0.016) 0.574 (0.013) 0.722 (0.059) 0.676 (0.030) 0.599 (0.023) 0.576 (0.032)

m-HAP-II 0.582 (0.016) 0.573 (0.013) 0.718 (0.055) 0.651 (0.032) 0.613 (0.023) 0.586 (0.032)

Six-&-Twelve 0.588 (0.016) 0.565 (0.012) 0.606 (0.064) 0.634 (0.031) 0.622 (0.023) 0.612 (0.024)

Note: Abbreviation: HAP, hepatoma arterial-embolization prognostic.
Models are ordered on the basis of their K-values. Standard errors are reported in parentheses.
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The present study has some limitations to be acknowledged. 
First, data on DAA administration and achievement of sustained vi-
rological response in patients with chronic hepatitis C were not avail-
able. Therefore, its favourable impact on the survival of our patients 
remains speculative. Second, we considered only the patient status 
before the first TACE, as it was the indispensable pre-requisite to 
test the Pre-TACE-Predict model. The eventual availability of data 
regarding radiological response would have allowed the evaluation 
of the Post-TACE-Predict model. However, such radiological data 
were not available for most of the patients, referring this task to 
another possible study. Last, we excluded patients who underwent 
liver transplantation after TACE which was used as a ‘bridge’ to sur-
gery. This selection, necessary to fulfil the Pre-TACE-Predict inclu-
sion criteria, can have modified the characteristics of patients who 
potentially benefit from TACE. However, it can be confidently as-
sumed that the proportion of patients within the registry who were 
transplanted after TACE was minimal.13

In conclusion, our study provided an external validation of the 
Pre-TACE-Predict model, which is the most recently proposed and 
comprehensive prognostic model for HCC patients treated with 
TACE. However, due to the improved outcome of TACE treatment 
observed in recent years, a recalibration of the baseline survival 
function was needed to optimize the estimation of survival probabil-
ities. As a result, the highest discriminatory ability of the Pre-TACE-
Predict model in comparison to the other models, together with its 
risk stratification and recalibration, makes it the best prognostic in-
strument we currently have to predict the TACE outcome in HCC 
patients.
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