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Abstract

This study was to develop and validate a model for predicting who can benefit from multiple transcatheter arterial chem-
oembolization (TACE) in hepatocellular carcinoma (HCC) patients.

228 and 98 patients were included in the development and validation sets, respectively. The primary clinical endpoint was
benefiting from consecutive multiple TACE treatments. Logistic regression analysis was used to screen the independent risk
factors for the clinical endpoint. The independent risk factors were then used to construct the predictive model. The area
under receiver operating characteristic (ROC) curves, calibration curves, and clinical decision curves were used to evaluate
the predictive ability of the model.

Multivariate Logistic regression analysis showed that complete envelope, hepatic lopes, tumor number, and alpha-fetoprotein
(AFP) were independent risk factors for benefiting from multiple TACE in HCC patients. The area under the curve (AUC) of
the model constructed by using independent risk factors in the development and validation sets was 0.843 (95% confidence
interval [CI]: 0.784-0.902) and 0.828 (95%CTI: 0.739-0.916), respectively. The calibration curves and clinical decision curves
showed that the model had good predictive ability.

The model established in this study has a good predictive effect on HCC patients who can benefit from multiple TACE.

Keywords Benefit - Hepatocellular carcinoma (HCC) - Nomogram - Predictive model - Transcatheter arterial
chemoembolization (TACE)

Introduction biological characteristics of the tumor, and even some HCC
patients develop resistance to multiple TACE treatments [5,

HCC is one of the most common cancers in the world. Viral ~ 6]. When HCC patients who are not suitable for multiple

hepatitis is the most common cause in Asia, and alcoholic
fatty liver is the main cause in Europe and America [1, 2].
For early-stage HCC, radical treatment measures are mainly
used, including liver transplantation and hepatectomy. For
advanced hepatocellular carcinoma, TACE is the main
local treatment [3, 4]. Some HCC patients need to receive
repeated TACE treatment due to the large tumor burden,
but TACE treatment is not effective for all HCC due to the
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TACE treatment receive TACE treatment, the tumor progres-
sion may not only be uncontrolled but also affect the qual-
ity of life due to the complications caused by the treatment
[7]. Therefore, there is a clinical need for a tool to predict
whether patients with HCC will benefit from multiple TACE
treatments. Many studies are focusing on the risk factors
of poor prognosis of HCC, such as tumor characteristics
and basic conditions of patients [8—11]. However, studies to
predict which patients with HCC will benefit from multiple
TACE treatments are lacking.

This study aimed to investigate the impact of benefiting
from multiple TACE on the prognosis of HCC patients. This
study also aimed to select independent risk factors for ben-
efiting from multiple TACE, and then to construct a nomo-
gram to predict HCC patients who can benefit from multiple
TACE.
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Materials and methods
Patient selection

The inclusion criteria for patients in this study are as fol-
lows: 1) had a definite diagnosis of HCC confirmed either
by clinical diagnosis or liver biopsy; 2) had received two
or more TACE treatments; 3) age between 18 and 80; 4)
Eastern Cooperative Oncology Group (ECOG) score stand-
ard <2; 5) no history of other malignancies or serious under-
lying diseases; 6) get regular follow-up. The exclusion crite-
ria for this study included: 1) had undergone radical surgery
(liver transplantation, hepatectomy); 2) incomplete clinical
baseline data; 3) did not agree to participate in this study.
Conventional TACE was used in this study [12]. In addition,
all HCC patients in this study were treated with immune and
targeted systemic therapy after TACE.

This retrospective study included 326 eligible patients
seen at our center between 2018 and 2023. Based on a ratio
of 7:3, 228 and 98 patients were included in the development
and validation sets, respectively.

Data collection and follow-up

In this study, the clinical baseline data of the patients
included age, sex, nutrient artery, complete envelope, hepatic
lobes, chronic liver disease, tumor number, tumor max size,
portal hypertension, AFP, alanine aminotransferase (ALT),
aspartate transferase (AST), total bilirubin (TBIL), albumin
(ALB), platelet (PLT), benefit, survival status, overall sur-
vival (OS).

The primary clinical endpoint was benefiting from con-
secutive multiple TACE treatments, and the secondary end-
point was OS. Benefiting from consecutive multiple TACE
was defined as the treatment effect after two consecutive
TACE treatments, each of which was assessed as stable dis-
ease (SD) or better by the Response Evaluation Criteria in
Solid Tumors (RECIST) [13]. OS was defined as the time
between the first TACE and death, or the time between the
first TACE and the follow-up deadline if death did not occur.
The tumor was evaluated by contrast-enhanced computed
tomography (CT) or magnetic resonance imaging (MRI)
3—4 weeks after each TACE. All patients were followed up
through inpatient medical records, outpatient examination,
or telephone.

Statistical analysis
SPSS 26.0 software was used for statistical analysis. Con-

tinuous numerical variables with a normal distribution
were analyzed using mean (standard deviations (SD)), and
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comparisons between the two groups were performed using
the independent sample t-test. The continuous variables that
did not meet the normal distribution were analyzed by the
median (interquartile (IQR)), and the Mann—Whitney U test
was used to compare them between the two groups. Cat-
egorical variables were analyzed by count (percentage), and
the Chi-square test was used to compare them between the
two groups. P values less than 0.05 were deemed statistically
significant.

The following steps were used for the development and
validation of a nomogram for benefiting from multiple
TACE. Firstly, univariate logistic regression analysis was
used to detect potential risk factors, and P values less than
0.05 were included in the multivariate analysis. Secondly,
multivariate Logistic regression analysis was used to screen
out the independent risk factors. Thirdly, a new nomogram
was constructed using the screened independent risk factors.
Finally, the AUC of the ROC curve, calibration curves, and
clinical decision curves were used to evaluate the predictive
power of the nomogram. Kaplan-Meier curves were used to
compare the median OS between the benefit and no-benefit
groups.

Results
Patient characteristics

A total of 326 patients were enrolled in this study, including
228 patients in the development set and 98 patients in the
validation set. The flowchart for including patients in this
study is shown in Fig. 1. The clinical characteristics of the
patients in the development and validation sets are shown in
Table 1. The patients who achieved multiple TACE benefit
outcomes in the development and validation sets were 166
(72.8%) and 65 (66.3%), respectively. As shown in Fig. 2,
the comparison of median OS between the benefit group and
the non-benefit group in both the development (Fig. 2A; p
value <0.0001) and validation (Fig. 2B; p value=0.0081)
sets showed statistically significant differences.

Univariate and multivariate logistic analysis

The results of univariate and multivariate logistic regression
analyses of benefiting from multiple TACE in HCC patients
of development set are shown in Table 2. After univariate
analysis, age, complete envelope, hepatic lobes, tumor num-
ber, tumor max size, AFP, and PLT were the influencing
factors for benefiting from multiple TACE. After multivari-
ate analysis, complete envelope (HR =2.386; 95%CI: 1.141,
4.987; p=0.021), hepatic lobes (HR =0.274; 95%CI: 0.132,
0.567; p<0.001), tumor number (HR=0.177; 95%CI:
0.084, 0.372; p<0.001), and AFP (HR =0.414; 95%CI:
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587 patients with HCC received their first TACE between
2018 and 2023 in our medical center

Inclusion criteria
Had a definite diagnosis of HCC
Received multiple TACE
Age between 18-80
ECOG score standard <2
No history of other malignancies
No serious underlying diseases

Get regular follow-up

36 patients were excluded
Undergone radical surgery: N=23
Incomplete data: N=11
Did not agree: N=2

326 patients were excluded in this study

%| Based on a ratio of 7:3

228 patients in the development set and
98 patients in the validation set

Fig.1 Flowchart for including HCC patients in this study. HCC,
hepatocellular carcinoma; TACE, transcatheter arterial chemoemboli-
zation; ECOG, Eastern Cooperative Oncology Group

0.199, 0.862; p=0.018) were independent risk factors for
benefiting from multiple TACE.

Development, validation, and evaluation
of the nomogram

As shown in Fig. 3, a nomogram was constructed based on
the four independent risk factors screened by logistic regres-
sion analysis. The predictive power of the nomogram was
evaluated using the AUC of the ROC curve, calibration
curves, and clinical decision curves in the development and
validation sets.

As shown in Fig. 4, the AUC of the model predicting ben-
efit from multiple TACE was 0.843 (95%CI: 0.784-0.902)
in the development set (Fig. 4A) and 0.828 (95%CI:
0.739-0.916) in the validation set (Fig. 4B). As shown in
Fig. 5, calibration curves in the development (Fig. 5A) and
validation (Fig. 5B) sets showed good agreement between
the predicted rate of benefiting from multiple TACE and the
actual rate. As shown in Fig. 6, the clinical decision curves
in both the development (Fig. 6A) and validation (Fig. 6B)
sets indicated that the predictive model had a clear clinical
benefit.

Discussion

The main goal of treatment for advanced HCC is to
prolong the survival time of patients [14]. As a local
treatment to control tumor progression, TACE plays an
important role in clinical practice [12, 15]. Because of
the individual differences between patients with HCC,
not all patients can benefit from TACE [16]. Many stud-
ies have focused on prognostic risk factors after TACE in
patients with advanced HCC. Several studies have found
that tumor characteristics are important prognostic factors
for HCC. Several studies have suggested that the immune
and nutritional status of patients is prognostic factors for
HCC. Many studies have constructed many nomograms to
predict the prognosis of HCC patients based on these risk
factors [9-11]. However, there is a lack of studies to pre-
dict whether patients with advanced HCC will benefit from
multiple TACE treatments. This study aimed to develop
and validate a model for predicting who can benefit from
multiple TACE in HCC patients.

After setting the clinical endpoint of benefiting from
multiple TACE, univariate and multivariate logistic
regression analyses were performed, and four independ-
ent risk factors were screened out in this study, including
complete envelope, hepatic lobes, tumor number, and AFP.
The integrity of the HCC envelope reflects the invasive-
ness of the tumor, which will affect the sensitivity of the
tumor to receive treatment, thus affecting the prognosis
of patients. Therefore, the integrity of the envelope is an
important prognostic factor in patients with HCC receiving
TACE treatment [17]. The extent of HCC invasion in the
hepatic lobes reflects the degree of tumor differentiation,
and the larger the extent of invasion, the worse the degree
of tumor differentiation may be. Poor differentiation may
lead to poor prognosis [18, 19]. Tumor number and AFP
level represent the level of tumor burden. A large num-
ber of tumors and a high AFP level reflect a high tumor
burden, which may not only affect the nutritional status
of patients, but also further affect the acceptance of HCC
patients in TACE treatment [20-22]. All these risk fac-
tors may lead to poor prognosis. Based on these factors, a
nomogram was constructed to predict patients who would
benefit from multiple TACE. This study also used the K-M
curves to compare the overall survival between the benefit
group and the no-benefit group in the development set and
the validation set, and the differences were statistically
significant. This indicates that benefiting from multiple
TACE can affect the prognosis of HCC patients.

The nomogram constructed in the development set
showed good predictive ability in both the development set
and the validation set. Satisfactory AUCs were obtained in
both the development and validation sets, which indicated
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Table 1 Clinical characteristics

Variables Development set (n=228) Validation set (n=98) p value
of development set and
validation set Age 54.7 (11.7) 54.5 (11.4) 0.862
Sex Male 188(82.5%) 72(73.5%) 0.064
Female 40(17.5%) 26(26.5%)
Nutrient artery No 125(54.8%) 67(68.4%) 0.023
Yes 103(45.2%) 31(31.6%)
Complete envelope No 77(33.8%) 36(36.7%) 0.606
Yes 151(66.2%0 62(63.3%)
Hepatic lobes Single 147(64.5%) 72(73.5%) 0.113
Double 81(35.5%) 26(26.5%)
Chronic liver disease No 28(12.3%) 9(9.2%) 0.419
Yes 200(87.7%) 89(90.8%)
Tumor number Single 135(59.2%) 57(58.2%) 0.860
Multiple 93(40.8%) 41(41.8%)
Tumor max size (mm) 78(39-112) 74(42-107) 0.932
Portal hypertension No 147(64.5%) 57(58.2%) 0.701
Yes 81(35.5%) 41(41.8%)
AFP (>400ug/L) No 145(63.6%) 62(63.3%) 0.955
Yes 83(36.4%) 36(36.7%)
ALT (U/L) 37(27-56) 51(29-77) 0.005
AST (U/L) 49(35-78) 68(41-110) 0.001
TBIL (umol/L) 13.2(9.3-20.2) 13.3(9.6-24.1) 0.501
ALB (g/L) 37.7(34.3-40.7) 37.7(34.3-41.4) 0.850
PLT (1079/L) 139(88-190) 140(89-200) 0.837
Benefit No 62(27.2%) 33(33.7%) 0.238
Yes 166(72.8%) 65(66.3%)
Status Alive 43(18.9%) 26(26.5%) 0.120
Dead 185(81.1%) 72(73.5%)
OS (months) 22(16-34) 18(14-25) 0.007

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate transferase; TBIL, total bilirubin;
ALB, albumin; PLT, platelet; OS, overall survival

A survival curve B survival curve
strata -~ as. (group) - as. (group) Benetit strata - as. ( p) == as. (group) Benetit
1.0 1.0
2 0.8 2 0.8
g 0.6 g 0.6
B ] sesssmusanicma - | (JESSERUSRESNE. .
-3 -3 SaEImE AR
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Fig.2 Kaplan-Meier curves of OS between benefit and no-benefit groups in the development (A) and validation (B) sets. OS, overall survival
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Tablg 2 .Univaria.b1§ and . Variables Univariate analysis Multivariate analysis
multivariable logistic regression
analysis of benefit from multiple OR (95%CI) p value OR (95%CI) p value
TACE in development set
Age 1.026 0.049 1.023 0.157
(1.000,1.052) (0.991,1.056)
Sex (Female) 0.740 0.464
(0.330,1.658)
Nutrient artery (Yes) 1.095 0.763
(0.608,1.970)
Complete envelope (Yes) 2.160 0.012 2.386 0.021
(1.184,3.941) (1.141,4.987)
Hepatic lobes (Double) 0.180 <0.001 0.274 <0.001
(0.096,0.338) (0.132,0.567)
Chronic liver disease (Yes) 0.879 0.781
(0.354,2.183)
Tumor number (Multiple) 0.137 <0.001 0.177 <0.001
(0.071,0.266) (0.084,0.372)
Tumor max size 0.991 0.015 1.001 0.913
(0.984,0.998) (0.991,1.011)
Portal Hypertension (Yes) 0.828 0.540
(0.453,1.513)
AFP (>400ug/L) 0.259 <0.001 0.414 (0.199,0.862) 0.018
(0.141,0.477)
ALT 1.002 0.483
(0.997,1.007)
AST 1.001 0.569
(0.999,1.003)
TBIL 1.005 0.678
(0.983,1.027)
ALB 1.002 0.950
(0.947,1.060)
PLT 0.997 0.041 1.000 0.886

Fig.3 Nomogram to predict

the probability of benefiting
from multiple TACE in HCC
patients. AFP, alpha-fetoprotein;
TACE, transcatheter arterial
chemoembolization; HCC,
hepatocellular carcinoma

(0.993,1.000)

(0.995,1.004)

TACE, transcatheter arterial chemoembolization; OR, odds ratio; AFP, alpha-fetoprotein; ALT, alanine ami-
notransferase; AST, aspartate transferase; TBIL, total bilirubin; ALB, albumin; PLT, platelet

. 0 10 20 30 40 50 60 70 80 90 100
POInIS L 1 1 1 1 1 1 1 1 1 ]
Yes
Complete.envelope )
No
. Single
Hepatic.lobes 9
Double
Single
Tumor.number " 4
Multiple
No
AFP2400ug/L | '
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that the prediction ability of the model was good. The cali-
bration curves and clinical decision curves in the devel-
opment set and validation set showed that the nomogram
constructed in this study could achieve high prediction

accuracy and get good clinical benefits. Through this
model, HCC patients who are suitable for multiple TACE
treatments can be found clinically, while for HCC patients
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Fig.4 The AUC of the nomogram in the development (A) and validation (B) sets. ROC, receiver operating characteristic; AUC, the area under
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Fig.5 Calibration curves of the nomogram in the development (A) and validation (B) sets

who are not suitable, clinicians can add some necessary
systemic therapies, such as [23, 24].

The nomogram constructed in this study also has the
following strengths. The variables required in this study
were tumor characteristics that were readily available in
clinical practice. Compared with genetic testing, which
is an expensive indicator, this model has high economic
practicability. It is suitable for application in all levels of
cancer treatment centers. More importantly, there are no
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studies addressing what kind of HCC patients would ben-
efit from multiple TACE. This study achieved this goal.
However, this study has some limitations. First of all, this
study is a single-center study, and its conclusions still need
to be supported by multi-center and large sample size data.
Secondly, this study is retrospective, and the constructed
nomogram still needs to be further tested by prospective
studies. Moreover, the nomogram constructed in this study
is suitable for predicting whether HCC patients can benefit
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Fig. 6 Clinical decision curves of the nomogram in the development (A) and validation (B) sets

from multiple TACE treatments, and its role in predicting
the benefit of other treatments or predicting the prognosis
of HCC patients is not clear at present, which needs further
research to confirm.

Conclusions

The model established in this study has a good predictive
effect on HCC patients who can benefit from multiple TACE.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection, and analysis were
performed by Huizhi Zhang, Xingxing Wang, Hongxiang Wang, Junchi
Li, Kai Lei, Run Hu, and Zuojin Liu. The first draft of the manuscript
was written by Huizhi Zhang and Xingxing Wang. All authors com-
mented on previous versions of the manuscript. All authors read and
approved the final manuscript.

Funding This work was supported by the National Natural Science
Foundation of China (No.82070678).

Data availability No datasets were generated or analyzed during the
current study.

Declarations
Conflict of interest All authors declare no conflict of interest.

Ethical approval This study was reviewed and approved by the Ethics
Committee of the Second Affiliated Hospital of Chongqing Medical
University.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and

reproduction in any medium or format, as long as you give appro-
priate credit to the original author(s) and the source, provide a link
to the Creative Commons licence, and indicate if you modified the
licensed material. You do not have permission under this licence to
share adapted material derived from this article or parts of it. The
images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Singal AG, Kanwal F, Llovet JM. Global trends in hepatocellular
carcinoma epidemiology: implications for screening, prevention
and therapy. Nat Rev Clin Oncol. 2023;20(12):864—-84. https://
doi.org/10.1038/s41571-023-00825-3.

2. Zhang CH, et al. Changing epidemiology of hepatocellular carci-
noma in Asia. Liver Int. 2022;42(9):2029-41. https://doi.org/10.
1111/1iv.15251.

3. Vogel A, et al. Hepatocellular carcinoma. Lancet.
2022;400(10360):1345-62. https://doi.org/10.1016/50140-
6736(22)01200-4.

4. Yang C, et al. Evolving therapeutic landscape of advanced
hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol.
2023;20(4):203-22. https://doi.org/10.1038/s41575-022-00704-9.

5. Terzi E, et al. Response rate and clinical outcome of HCC after
first and repeated cTACE performed “on demand.” J Hepatol.
2012;57(6):1258-67. https://doi.org/10.1016/j.jhep.2012.07.025.

6. Ebeling Barbier C, Heindryckx F, Lennernds H. Limitations and
possibilities of transarterial chemotherapeutic treatment of hepa-
tocellular carcinoma. Int J Mol Sci. 2021;22(23):13051. https://
doi.org/10.3390/ijms222313051.

7. Roehlen N, et al. Prediction of postembolization syndrome after
transarterial chemoembolization of hepatocellular carcinoma and

@ Springer


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1038/s41571-023-00825-3
https://doi.org/10.1038/s41571-023-00825-3
https://doi.org/10.1111/liv.15251
https://doi.org/10.1111/liv.15251
https://doi.org/10.1016/s0140-6736(22)01200-4
https://doi.org/10.1016/s0140-6736(22)01200-4
https://doi.org/10.1038/s41575-022-00704-9
https://doi.org/10.1016/j.jhep.2012.07.025
https://doi.org/10.3390/ijms222313051
https://doi.org/10.3390/ijms222313051

1

Page 8 of 8

Clinical and Experimental Medicine (2025) 25:1

10.

11.

12.

13.

14.

15.

16.

its impact on prognosis. Hepatol Commun. 2023. https://doi.org/
10.1097/hc9.0000000000000252.

Tong Y, et al. An integrated liver function, systemic inflam-
mation, and tumor characteristic score predicts prognosis
in hepatocellular carcinoma after curative resection. Ann
Surg Oncol. 2023;30(4):2007-20. https://doi.org/10.1245/
$10434-022-12899-x.

Xu JX, et al. Prognostic factors and an innovative nomogram
model for patients with hepatocellular carcinoma treated with
postoperative adjuvant transarterial chemoembolization. Ann
Med. 2023;55(1):2199219. https://doi.org/10.1080/07853890.
2023.2199219.

Sheng Y, et al. Preoperative nomogram incorporating clinical fac-
tors, serological markers and LI-RADS MRI features to predict
early recurrence of hepatocellular carcinoma treated with tran-
sarterial chemoembolization. Acad Radiol. 2023;30(7):1288-97.
https://doi.org/10.1016/j.acra.2022.10.020.

Liang L, et al. Development and validation of a novel online cal-
culator for estimating survival benefit of adjuvant transcatheter
arterial chemoembolization in patients undergoing surgery for
hepatocellular carcinoma. J Hematol Oncol. 2021;14(1):165.
https://doi.org/10.1186/s13045-021-01180-5.

Raoul JL, et al. Updated use of TACE for hepatocellular carci-
noma treatment: How and when to use it based on clinical evi-
dence. Cancer Treat Rev. 2019;72:28-36. https://doi.org/10.
1016/j.ctrv.2018.11.002.

Llovet JM, Lencioni R. mRECIST for HCC: performance and
novel refinements. J Hepatol. 2020;72(2):288-306. https://doi.org/
10.1016/j.jhep.2019.09.026.

Couri T, Pillai A. Goals and targets for personalized therapy for
HCC. Hepatol Int. 2019;13(2):125-37. https://doi.org/10.1007/
$12072-018-9919-1.

Ding ZN, et al. Systemic therapy with or without locoregional
therapy for advanced hepatocellular carcinoma: a systematic
review and network meta-analysis. Crit Rev Oncol Hematol.
2023;184:103940. https://doi.org/10.1016/j.critrevonc.2023.
103940.

He Q, Yang J, Jin Y. Development and validation of TACE refrac-
toriness-related diagnostic and prognostic scores and characteri-
zation of tumor microenvironment infiltration in hepatocellular
carcinoma. Front Immunol. 2022;13:869993. https://doi.org/10.
3389/fimmu.2022.869993.

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

Cao K, et al. Risk factors for early recurrence after radical resec-
tion of hepatocellular carcinoma based on preoperative contrast-
enhanced ultrasound and clinical features. Technol Cancer Res
Treat. 2024;23:15330338241281328. https://doi.org/10.1177/
15330338241281327.

Chen QF, et al. Cost-effectiveness and prognostic model of hepatic
arterial infusion chemotherapy for hepatocellular carcinoma with
high tumor burden and/or Vp4 tumor thrombus compared with
sorafenib: a post-hoc analysis of the FOHAIC-1 trial. Int J Surg.
2023;109(12):3929-39. https://doi.org/10.1097/js9.0000000000
000683.

Reynolds AR, et al. Infiltrative hepatocellular carcinoma: what
radiologists need to know. Radiographics. 2015;35(2):371-86.
https://doi.org/10.1148/rg.352140114.

Beumer BR, et al. Systematic review and meta-analysis of vali-
dated prognostic models for resected hepatocellular carcinoma
patients. Eur J Surg Oncol. 2022;48(3):492-9. https://doi.org/10.
1016/j.ej50.2021.09.012.

Mazzaferro V, et al. Metroticket 2.0 model for analysis of com-
peting risks of death after liver transplantation for hepatocellular
carcinoma. Gastroenterology. 2018;154(1):128-39. https://doi.
org/10.1053/j.gastro.2017.09.025.

Liu X, et al. Machine learning-based development and valida-
tion of a scoring system for progression-free survival in liver
cancer. Hepatol Int. 2020;14(4):567-76. https://doi.org/10.1007/
$12072-020-10046-w.

Yuan Y, et al. TACE-HAIC combined with targeted therapy and
immunotherapy versus TACE alone for hepatocellular carcinoma
with portal vein tumour thrombus: a propensity score matching
study. Int J Surg. 2023;109(5):1222-30. https://doi.org/10.1097/
3$9.0000000000000256.

Liu K, Zhu Y, Zhu H. Immunotherapy or targeted therapy as the
first-line strategies for unresectable hepatocellular carcinoma:
a network meta-analysis and cost-effectiveness analysis. Front
Immunol. 2022;13:1103055. https://doi.org/10.3389/fimmu.2022.
1103055.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/hc9.0000000000000252
https://doi.org/10.1097/hc9.0000000000000252
https://doi.org/10.1245/s10434-022-12899-x
https://doi.org/10.1245/s10434-022-12899-x
https://doi.org/10.1080/07853890.2023.2199219
https://doi.org/10.1080/07853890.2023.2199219
https://doi.org/10.1016/j.acra.2022.10.020
https://doi.org/10.1186/s13045-021-01180-5
https://doi.org/10.1016/j.ctrv.2018.11.002
https://doi.org/10.1016/j.ctrv.2018.11.002
https://doi.org/10.1016/j.jhep.2019.09.026
https://doi.org/10.1016/j.jhep.2019.09.026
https://doi.org/10.1007/s12072-018-9919-1
https://doi.org/10.1007/s12072-018-9919-1
https://doi.org/10.1016/j.critrevonc.2023.103940
https://doi.org/10.1016/j.critrevonc.2023.103940
https://doi.org/10.3389/fimmu.2022.869993
https://doi.org/10.3389/fimmu.2022.869993
https://doi.org/10.1177/15330338241281327
https://doi.org/10.1177/15330338241281327
https://doi.org/10.1097/js9.0000000000000683
https://doi.org/10.1097/js9.0000000000000683
https://doi.org/10.1148/rg.352140114
https://doi.org/10.1016/j.ejso.2021.09.012
https://doi.org/10.1016/j.ejso.2021.09.012
https://doi.org/10.1053/j.gastro.2017.09.025
https://doi.org/10.1053/j.gastro.2017.09.025
https://doi.org/10.1007/s12072-020-10046-w
https://doi.org/10.1007/s12072-020-10046-w
https://doi.org/10.1097/js9.0000000000000256
https://doi.org/10.1097/js9.0000000000000256
https://doi.org/10.3389/fimmu.2022.1103055
https://doi.org/10.3389/fimmu.2022.1103055

	Development and validation of a model for predicting who can benefit from multiple TACE in HCC patients
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Data collection and follow-up
	Statistical analysis

	Results
	Patient characteristics
	Univariate and multivariate logistic analysis
	Development, validation, and evaluation of the nomogram

	Discussion
	Conclusions
	References


