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Abstract

Background and Aims: For patients with intermediate-stage 

hepatocellular carcinoma (HCC), the definition of high tumor 

burden remains controversial. This study aimed to compare 

the prognostic value of different criteria of tumor burden in 

patients with intermediate-stage HCC undergoing transar-

terial chemoembolization (TACE). Methods: From 2007 to 

2019, 632 treatment-naive patients with intermediate-stage 

HCC undergoing TACE were retrospectively enrolled. We 

compared different criteria of tumor burden in discriminat-

ing radiologic response and survival, including up-to-7, up-

to-11, 5–7, 7 lesions criteria, and newly proposed 7–11 crite-

ria. Results: The proportions of patients classified as high tu-

mor burden were varied by different criteria. Among the 5 

criteria, 7–11 criteria have the best performance to discrimi-

nate complete response (CR) and overall survival (OS) after 

TACE. In patients with low, intermediate, and high tumor 

burden classified by 7–11 criteria, the CR rate was 21, 12, and 

2.5%, respectively (p < 0.001), and the median OS was 33.1, 

22.3, and 11.9 months, respectively (p < 0.001). By multivari-

ate analysis, 7–11 criteria were significantly associated with 

CR (intermediate vs. high burden, odds ratio = 4.617, p = 

0.002; low vs. high burden, odds ratio = 8.675, p < 0.001) and 

OS (intermediate vs. high burden, hazard ratio = 0.650, p < 

0.001; low vs. high burden, hazard ratio = 0.520, p < 0.001). 

Seven to 11 criteria also had the lowest corrected Akaike in-

formation criteria, highest homogeneity value, and highest 

area under the receiver operating characteristic curve in pre-

dicting 1-, 2-, and 3-year mortality among all criteria. Conclu-

sion: Conventional definitions of tumor burden were not op-

timal for patients with intermediate HCC. The new 7–11 cri-

teria had the best discriminative power in predicting 

radiologic response and survival in patients with intermedi-

ate-stage HCC undergoing TACE. © 2021 The Author(s).

Published by S. Karger AG, Basel
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most 
commonly diagnosed cancer and the fourth leading cause 
of cancer-related death worldwide [1]. For patients with 
intermediate-stage HCC, transarterial chemoemboliza-
tion (TACE) is the guideline-recommended standard 
treatment [2–4]. However, intermediate-stage HCC is 
composed of a very heterogeneous disease with a wide 
range of tumor burden and liver function status, and not 
all patients could benefit from TACE [5]. In particular, 
high tumor burden is considered an important compo-
nent adopted by various subclassifications or prediction 
models to select patients unsuitable for TACE [6]. New 
treatment strategies, such as early initiation of systemic 
therapies, have been proposed for patients who might be 
unsuitable or refractory to TACE treatment [7–9].

The definition of high tumor burden varied among 
different subclassifications and prediction models. Cur-
rently, up-to-7 is the most commonly used criteria to de-
fine high tumor burden in intermediate-stage HCC, 
which were adopted by Bolondi’s subclassifications [10], 
Kinki criteria [11], and STATE score [12]. Nevertheless, 
the up-to-7 criteria were originally developed for patients 
with early-stage HCC considering liver transplantation 
[13] and might not be best for stratifying tumor burden 
in patients with intermediate-stage HCC. Recent studies 
showed that up-to-11 criteria could be more discrimina-
tive than up-to-7 criteria for predicting survival after 
TACE [14, 15], whereas 5–7 criteria and 7 lesions criteria 
have also been proposed to stratify tumor burden of in-
termediate-stage HCC [6]. Therefore, the most optimal 
definition of high tumor burden for patients with inter-
mediate-stage HCC remains debated. A better definition 
of high tumor burden may help select patients suitable for 
TACE and to predict survival after TACE.

The objective radiologic response, which could be 
achieved in about 40–50% of patients after TACE, was 
also an important predictor of better survival in patients 
treated with TACE [16, 17]. Patients with high tumor 
burden may have lower response rate and higher progres-
sion rate to TACE. A combination of systemic therapies 
and TACE has been shown to increase the response rate 
and survival in these patients [18]. The optimal definition 
of tumor burden to predict radiologic response to TACE 
was also unclear. The aim of this study was to compare 
different criteria of tumor burden in predicting radiolog-
ic response and survival in patients with intermediate-
stage HCC undergoing TACE.

Patients and Methods

Patients
From January 2007 to January 2019, 1,136 treatment-naive 

HCC patients who were initially treated with TACE in Taipei Vet-
erans General Hospital were retrospectively reviewed. Among 
them, 632 patients belonged to intermediate-stage HCC were en-
rolled. The diagnosis of HCC and TACE eligibility was assessed 
before treatment using contrast-enhanced computed tomography 
(CECT) or magnetic resonance imaging (MRI), which fulfilled the 
diagnostic criteria of the American Association for the Study of 
Liver Diseases (AASLD) treatment guidelines [19].

TACE Procedure
After tumor stain detection and tumor feeding artery naviga-

tion, superselective catheterization into tumor-feeding branches 
was performed with a 1.98-/2.5-Fr microcatheter advanced 
through a 4-/5-Fr catheter (Terumo, Tokyo, Japan or Cook Medi-
cal, Bloomington, IN, USA) and subsegmental TACE was per-
formed with emulsion containing 5–30 mg of doxorubicin (Acta-
vis, Dublin, Ireland) and 0.5–15.0 mL of lipiodol (Laboratoire 
Guerbet, Paris, France), followed by the delivery of 1-mm2 Gel-
foam cubes (SPONGOSTANTM; Ferrosan Medical Devices, Søborg, 
Denmark). The total amount of iodized oil was determined based 
on the tumor size and liver function. All target tumors were evalu-
ated by revealing reduced antegrade tumor-feeding arterial flow 
and reduced or no tumor stain as the embolization endpoint ac-
cording to subjective angiographic chemoembolization endpoint 
levels 2 and 3 [14, 20]. Cone-beam computed tomography angio-
graphic system (Axiom-Artis Zee; Siemens) equipped with a 30 × 
40-cm2 flat-panel detector was introduced to our hospital in 2014 
[21].

Embolization to all nodules was performed whenever possible. 
If all nodules could be embolized in 1 session, the radiologic re-
sponse was evaluated by CECT or MRI 1–2 months after first ses-
sion of TACE. If the tumors were too large to be embolized at once, 
sequential embolization would be arranged 1 month later. In this 
case, the radiologic response was evaluated by CECT or MRI 1–2 
months after completion of 2 sessions of TACE. In cases of viable 
or residual tumors, repeated TACE or other treatment modalities, 
such as surgery, local ablation, radiotherapy or systemic therapy, 
was arranged if the general condition was acceptable. If subsequent 
TACE or multimodality treatment was not suitable, best support-
ive care was given.

Baseline Evaluation
We recorded detailed demographic profile, tumor characteris-

tics, and biochemistry data. The data included age, gender, alcohol 
intake, hepatitis B surface antigen, anti-hepatitis C virus antibody, 
tumor size, tumor number, serum AFP, total bilirubin, albumin, 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), creatinine levels, and platelet count. The performance sta-
tus was evaluated by using the Eastern Cooperative Oncology 
Group (ECOG) performance scale. The ALBI score was calculated 
using the formula: linear predictor = (log10 bilirubin μmol/L × 
0.66) + (albumin g/L × −0.085), where bilirubin is in micromole 
per liter and albumin in gram per liter; and the cut points of the 
ALBI grade were as follows: xb ≤ −2.60 (ALBI grade 1), > −2.60 to 
≤ −1.39 (ALBI grade 2) and xb > −1.39 (ALBI grade 3) [22].
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We compared different tumor burden criteria, including up-
to-7, up-to-11, 7 lesions, and 5–7 criteria, in predicting radiologic 
response and survival (see online suppl. Table 1; for all online  
suppl. material, see www.karger.com/doi/10.1159/000517393). 
The up-to-7 criteria combined the number of tumors and size of 
the largest tumor, with the sum being no more than 7 [13], where-
as the up-to-11 criteria combined the number of tumors and size 
of the largest tumor, with the sum being no more than 11 [15]. 
Seven lesions criteria defined high tumor burden as total tumor 
numbers >7, while 5–7 criteria defined high tumor burden as total 
tumor numbers >7 or tumor nodules 4–7 with the largest tumor 
>5 cm [6]. Our results showed that patients within up-to-7 criteria 
had the highest chance of complete response (CR), whereas pa-
tients beyond up-to-11 criteria had the lowest chance of CR and 
highest chance of progressive disease (PD). Therefore, we pro-
posed new 7–11 criteria combining the number of tumors and size 
of the largest tumor, which defined high tumor burden as the sum 
>11, intermediate tumor burden as the sum >7 but no more than 
11, and low tumor burden as the sum no more than 7.

Outcome Assessment
Radiologic response was evaluated according to the modified 

Response Evaluation Criteria in Solid Tumors (mRECIST) crite-
ria: CR – the disappearance of any intra-tumoral arterial enhance-
ment in all target lesions; partial response (PR) – at least a 30% 
decrease in the sum of the diameters of viable target lesions; PD 
– an increase of at least 20% in the sum of the diameters of viable 
target lesions; and stable disease (SD) – any cases that do not qual-
ify for either PR or PD [23]. Objective response rate (ORR) was 
defined as the percentage of patients with a CR or PR. The disease 
control rate (DCR) was defined as the percentage of patients with 
CR, PR, or SD. In patients achieving CR, recurrence-free survival 
(RFS) was defined as the time interval between the day of the first 
session of TACE and HCC recurrence. Overall survival (OS) was 
defined as the time interval between the day of the first session of 
TACE and death.

Statistical Analysis
Values were expressed as median (interquartile range) or as 

mean ± SD when appropriate. Pearson χ2 analysis was used to 

Table 1. Characteristics of 632 patients with intermediate-stage HCC undergoing TACE

All patients (n = 632)

Age, years, mean±SD 69.4±12.4
Gender, male, n (%) 489 (77.4)
Alcoholism, n (%) 85 (13.7)
HBsAg-positive, n (%) 278 (45.5)
Anti-HCV-positive, n (%) 208 (34.2)
ECOG status 0/1/2, n (%) 592/23/6 (95.3/3.7/1.0)
Child-Pugh class A/B, n (%) 502/130 (79.4/20.6)
ALBI grade 1/2/3, n (%) 181/384/45 (29.7/63.0/7.4)
Bilirubin, mg/dL, mean ± SD 1.00±0.75
Albumin, g/dL, mean ± SD 3.57±0.55
ALT, U/L, mean ± SD 61.3±50.1
AST, U/L, mean ± SD 78.7±89.0
Creatinine, mg/dL, mean ± SD 1.17±1.11
Platelet, 109/L, mean ± SD 159±85
Tumor size, cm, mean ± SD 6.79±3.89
AFP, ng/mL, median (IQR) 50.94 (7.93–736.86)
Use of cone-beam computed tomography, n (%) 209 (33.1)
Tumor nodules, n (%)

1/2–3/4–7/>7 220 (34.8)/188 (29.7)/91 (14.4)/133 (21)
Up-to-7 criteria, in/out 185/447 (29.3/70.7)
Up-to-11 criteria, in/out 409/223 (64.7/35.3)
5–7 criteria, in/out 465/167 (73.6/26.4)
7 lesions criteria, in/out 499/133 (79/21)
7–11 criteria, low/intermediate/high 185/224/223 (29.3/35.4/35.3)

Radiologic response, n (%)
Complete response 67 (11.5)
PR 167 (28.5)
SD 168 (28.7)
PD 183 (31.3)

HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; HBsAg, hepatitis B surface antigen; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Cooperative Oncology Group; 
PD, progressive disease; PR, partial response; IQR, interquartile range; SD, stable disease.
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compare categorical variables. The Mann-Whitney U test was used 
to compare continuous variables. The Kaplan-Meier method was 
used to estimate survival rates. The log-rank test was used to com-
pare survival curves between patient groups. Analysis of prognos-
tic factors for survival was performed using the Cox proportional 
hazards model. Variables that achieved statistical significance (p < 
0.05) or those close to significance (p < 0.1) by univariate analysis 
were subsequently included in the multivariate analysis. Compar-
ison of prognostic performance of different criteria of high tumor 
burden was calculated by corrected Akaike information criteria 
(AICc) and homogeneity. We used area under the receiver operat-
ing characteristic curve (AUROC) for binary class and multi-class 
to test each criterion’s diagnostic ability in predicting survival [24]. 
Statistical significance was determined by 2-tailed tests and con-
sidered statistically significant when a p value <0.05. All statistical 
analyses were conducted using IBM SPSS Statistics for Windows, 
version 26 (IBM, Armonk, NY, USA), and R software, version 3.6.1 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Patient Characteristics
The characteristics 632 patients with intermediate-

stage HCC initially treated with TACE were shown in Ta-
ble 1. The mean age was 69.4 years, and the patients were 
male-predominant (77.4%). Most of the HCC etiologies 
were hepatitis B virus (44.5%) and hepatitis C virus 
(34.2%) infection. The majority of patients belonged to 
Child-Pugh class A (79.4%) and ALBI grade 2 (63%). By 
up-to-7, up-to-11, 5–7, and 7 lesions criteria, 70.7, 35.3, 
26.4, and 21% of patients were defined as high tumor bur-
den, respectively. By 7–11 criteria, 29.3, 35.4, and 35.3% 
of patients were defined as low, intermediate, and high 
tumor burden, respectively.

Distributions of Radiologic Response by Different 
Criteria of Tumor Burden
The median follow-up period was 19.9 months. Among 

the 632 patients, 11.5, 28.5, 28.7, and 31.3% of patients 
had CR, PR, SD, and PD after the first session of TACE, 
respectively (Table 1). Figure 1 showed the distributions 
of radiologic response by different criteria of tumor bur-
den. The rates of CR, ORR, and DCR in patients with high 
and low tumor burden by up-to-7 criteria were 7.3, 35.9, 
and 66.7%, and 21, 49.4, and 73.3%, respectively (Fig. 1a, 
p < 0.001). The corresponding response rates in patients 
high and low tumor burden were 2.5, 23.5, and 59.5%, and 
16.1, 48.6, and 73.5%, respectively, by up-to-11 criteria 
(Fig. 1b, p < 0.001); 5.8, 29.7, and 60.7%, and 13.5, 43.7, 
and 71.6%, respectively, by 5–7 criteria (Fig. 1c, p = 0.007); 
6.5, 30.7, and 59.7%, and 12.8, 42.5, and 71.1%, respec-
tively, by 7 lesions criteria (Fig. 1d, p = 0.035). By 7–11 

criteria, the rates of CR, ORR, and DCR were 2.5, 23.5, 
and 59.5%, respectively; in patients with high tumor bur-
den, 12, 47.9, and 73.7%, respectively; in patients with in-
termediate tumor burden; and 16.1, 48.6, and 73.5%, re-
spectively, in patients with low tumor burden (Fig.  1e,  
p < 0.001).

Factors Associated with Radiologic Response
We further analyzed the predictors of radiologic re-

sponse, including CR, objective response and PD after the 
first session of TACE. In univariate analysis, age, hepatitis 
B surface antigen, AFP, ALT, AST levels, 5–7 criteria, 7 
lesions criteria, and 7–11 criteria were significantly asso-
ciated with CR after TACE. In multivariate analysis, AFP 
>200 ng/mL (odds ratio [OR] = 0.432, p = 0.017) and 7–11 
criteria (intermediate vs. high tumor burden, OR = 4.617, 
p = 0.002; low vs. high tumor burden, OR = 8.675, p < 
0.001) were independent predictors of CR after first 
TACE session (Table 2).

Regarding objective response, age, AFP, AST levels, 
platelet count, ALBI grade 2–3, 5–7 criteria, 7 lesions cri-
teria, and 7–11 criteria were significant factors in univar-
iate analysis. In multivariate analysis, ALBI grade 2–3 
(OR = 0.613, p = 0.009), 7–11 criteria (intermediate vs. 
high tumor burden, OR = 3.108, p < 0.001; low vs. high 
tumor burden, OR = 3.290, p < 0.001) were independent 
predictors of objective response after TACE (online  
suppl. Table 2).

For tumor progression, high tumor burden defined by 
5–7 criteria, 7 lesions criteria, and 7–11 criteria showed 
significant association with PD in univariate analysis. In 
multivariate analysis, 7–11 criteria (intermediate vs. high 
tumor burden, OR = 0.525, p = 0.002; low vs. high tumor 
burden, OR = 0.535, p = 0.005) were the independent pre-
dictor of PD after TACE (online suppl. Table 3).

Factors Associated with RFS after Achieving Complete 
Response
Of the 67 patients achieving CR after the first TACE, 

54 patients (80.6%) encountered HCC recurrence during 
the follow-up period. The median RFS was 8.2 months 
(interquartile range 4.97–18.55 months). By multivariate 
analysis, ALBI grade 2–3 (hazard ratio [HR] = 1.969, p = 
0.025), 7–11 criteria (intermediate vs. high tumor burden, 
HR = 0.168, p = 0.003; low vs. high tumor burden, HR = 
0.087, p < 0.001) were significantly associated with RFS 
(online suppl. Table 4). The median RFS of patients with 
low, intermediate, and high tumor burden by 7–11 crite-
ria were 15.8, 8.2, and 4.9 months, respectively (p < 0.001, 
Fig. 2a). Of note, all patients classified to high tumor bur-
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Fig. 1. Comparison of different criteria of high tumor burden and distribution of radiologic response after TACE. 
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den developed tumor recurrence within 6 months after 
initial CR by first TACE session. The median OS of pa-
tients with low, intermediate, and high tumor burden 
were 74.6, 35.5, and 32.3 months, respectively, after 
achieving initial CR (p = 0.022).

Comparison of Different Criteria of Tumor Burden in 
Predicting OS
Table 3 demonstrates the discriminative value of dif-

ferent criteria of tumor burden in predicting OS. Among 
them, 7–11 criteria had the lowest AICc, highest homo-

geneity value, and highest AUROC in predicting 1-, 2-, 
and 3-year mortality.

Factors Associated with OS
During the follow-up period, 489 of 632 patients 

(77.4%) died. The overall median OS was 20.9 months 
(95% confidence interval 18.0–24.7 months). In univari-
ate analysis, age, AFP, AST levels, ECOG status, ALBI 
grade, 5–7 criteria, 7–11 criteria, and radiologic response 
were significantly associated with OS. In multivariate 
analysis, age >60 years (HR = 1.366, p = 0.006), AFP >200 

Table 2. Univariate and multivariate analyses of factors associated with complete response after TACE

Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value

Age, years
>60/≤60 2.364 (1.141–4.898) 0.021 NS

Sex
Male/female 0.768 (0.431–1.370) 0.372

Alcohol
Yes/no 0.405 (0.143–1.148) 0.089 NS

HBsAg
Positive/negative 0.563 (0.324–0.977) 0.041 NS

Anti-HCV
Positive/negative 1.219 (0.708–2.099) 0.475

AFP, ng/mL
>200/≤200 0.430 (0.229–0.808) 0.009 0.432 (0.217–0.860) 0.017

ALT, U/L
>40/≤40 0.557 (0.334–0.930) 0.025 NS

AST, U/L
>40/≤40 0.524 (0.313–0.877) 0.014 NS

Creatinine, mg/dL
>2/≤2 0.301 (0.040–2.262) 0.243

Platelet, 109/L
>150/≤150 0.717 (0.424–1.211) 0.213 NS

ECOG status
≥1/0 1.248 (0.359–4.338) 0.728

ALBI grade
2–3/1 0.692 (0.409–1.171) 0.170

Use of CBCT
Yes/no 0.983 (0.572–1.690) 0.952

5–7 criteria
In/out 2.529 (1.222–5.237) 0.012 NS

7 lesions criteria
In/out 2.128 (0.989–4.581) 0.054 NS

7–11 criteria
High 1 1
Intermediate 5.299 (1.987–14.134) 0.001 4.617 (1.769–12.760) 0.002
Low 10.381 (3.979–27.082) <0.001 8.675 (3.294–22.844) <0.001

CBCT, cone-beam computed tomography; OR, odds ratio; CI, confidence interval; NS, not significant; TACE, 
transarterial chemoembolization; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; ECOG, Eastern Cooperative Oncology Group.
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ng/mL (HR = 1.541, p < 0.001), ECOG status ≥1 (HR = 
1.778, p = 0.015), ALBI grade 2–3 (HR = 1.539, p < 0.001), 
7–11 criteria (intermediate vs. high tumor burden, HR = 
0.650, p < 0.001; low vs. high tumor burden, HR = 0.520, 
p < 0.001), and PD by mRECIST (HR = 1.787, p = 0.001) 
were independent predictors of OS (Table 4). The median 
survival in patients with low, intermediate, high tumor 
burden classified by 7–11 criteria were 33.1, 22.3, and 11.9 
months, respectively (p < 0.001, Fig. 2b). The 3-year sur-
vival rate in patients with low, intermediate, high tumor 
burden classified by 7–11 criteria was 45.8, 30.7, and 
23.4%, respectively.

Liver Function Deterioration and Additional 
Treatment after Initial TACE
Among the 502 patients with initial Child-Pugh class 

A, 91 (18.1%) of them had liver function migration to 
Child-Pugh class B or C after repeated TACE procedures. 
The rate of liver function deterioration in patients with 
low, intermediate, and high tumor burden by 7–11 crite-
ria were 14.9, 14.4, and 24.4%, respectively (p = 0.021, 
online suppl. Table 5).

After initial TACE, 91 (14.4%) patients received sub-
sequent curative treatment after successful down-staging 
by initial TACE, included liver transplantation (n = 13), 
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Fig. 2. Kaplan-Meier curves of RFS after complete response and OS of HCC patients undergoing TACE. a RFS 
stratified by 7–11 criteria. b OS stratified by 7–11 criteria. HCC, hepatocellular carcinoma; TACE, transarterial 
chemoembolization; OS, overall survival; RFS, recurrence-free survival.

Table 3. Comparison of various models of high tumor burden in predicting OS for intermediate-stage HCC patients undergoing TACE

Model 1-year mortality 
AUROC (95% CI)

2-year mortality 
AUROC (95% CI)

3-year mortality 
AUROC (95% CI)

AICc Homo  
χ2

7–11 criteria 0.635 (0.587–0.684) 0.636 (0.588–0.684) 0.603 (0.551–0.655) 5499.859 35.870
Up-to-11 criteria 0.621 (0.571–0.671) 0.613 (0.564–0.663) 0.597 (0.545–0.650) 5500.887 32.842
Up-to-7 criteria 0.573 (0.524–0.622) 0.584 (0.535–0.633) 0.552 (0.497–0.607) 5516.390 17.339
5–7 criteria 0.550 (0.499–0.601) 0.540 (0.489–0.590) 0.523 (0.469–0.577) 5527.942 5.787
7 lesions criteria 0.534 (0.483–0.585) 0.530 (0.479–0.580) 0.517 (0.463–0.571) 5530.252 3.477

AICc, corrected Akaike information criteria; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; OS, overall 
survival; AUROC, area under the receiver operating characteristic curve.
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liver resection (n = 40), and radiofrequency ablation (n = 
38), while 144 patients (22.8%) patients received subse-
quent systemic therapies after TACE failure or PD. The 
rates of transition to curative treatment in patients with 
low, intermediate, and high tumor burden by 7–11 crite-

ria were 18.9, 15.2, and 9.9%, respectively (p = 0.011). The 
corresponding rates of transition to systemic therapies 
were 21.1, 22.3, and 24.7%, respectively (p = 0.408 online 
suppl. Table 5).

Table 4. Univariate and multivariate analyses of factors associated with OS

Univariate Multivariate

HR (95% CI of HR) p value HR (95% CI of HR) p value

Age, years
>60/≤60 1.256 (1.018–1.549) 0.034 1.366 (1.095–1.704) 0.006

Sex
Male/female 1.022 (0.825–1.267) 0.842

Alcohol
Yes/no 1.170 (0.908–1.509) 0.224

HBsAg
Positive/negative 1.003 (0.838–1.200) 0.974

Anti-HCV
Positive/negative 0.988 (0.819–1.192) 0.900

AFP, ng/mL
>200/≤200 1.724 (1.433–2.074) <0.001 1.541 (1.268–1.874) <0.001

ALT, U/L
>40/≤40 1.054 (0.880–1.263) 0.569

AST, U/L
>40/≤40 1.370 (1.127–1.666) 0.002 NS

Creatinine, mg/dL
>2/≤2 1.282 (0.843–1.952) 0.246

Platelet, 109/L
>150/≤150 1.020 (0.852–1.220) 0.831

ECOG status
≥1/0 1.665 (1.094–2.533) 0.017 1.778 (1.117–2.829) 0.015

ALBI grade
2–3/1 1.592 (1.301–1.948) <0.001 1.539 (1.249–1.897) <0.001

Use of CBCT
Yes/no 0.939 (0.770–1.146) 0.537

5–7 criteria
In/out 0.778 (0.637–0.951) 0.014 NS

7 lesions criteria
In/out 0.809 (0.651–1.006) 0.057 NS

7–11 criteria
High 1 1
Intermediate 0.632 (0.513–0.779) <0.001 0.650 (0.520–0.813) <0.001
Low 0.516 (0.413–0.646) <0.001 0.520 (0.407–0.662) <0.001

Radiologic response to initial TACE
Complete response 1 1
PR 1.187 (0.839–1.678) 0.333 0.927 (0.652–1.319) 0.674
SD 1.697 (1.205–2.390) 0.002 1.217 (0.852–1.738) 0.279
PD 2.243 (1.601–3.143) <0.001 1.787 (1.266–2.522) 0.001

CBCT, cone-beam computed tomography; CI, confidence interval; HR, hazard ratio; NS, not significant; 
TACE, transarterial chemoembolization; OS, overall survival; HBsAg, hepatitis B surface antigen; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; ECOG, Eastern Cooperative Oncology Group; PD, 
progressive disease; PR, partial response; SD, stable disease.
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Discussion and Conclusion

In this study, we compared the prognostic value of 
different criteria of tumor burden, in terms of predict-
ing radiologic response and survival after TACE for pa-
tients with intermediate-stage HCC. We showed that 
significantly different proportion of patients were clas-
sified as high tumor burden by different criteria, which 
was 70% by up-to-7, 35.5% by up-to-11, 26.4% by 5–7, 
and 21% by 7 lesions criteria. If patients with high tu-
mor burden were defined as unsuitable for TACE, only 
about 30% of patients with intermediate-stage HCC 
could consider TACE as initial therapy by the up-to-7 
criteria.

Several criteria of tumor burden have been proposed, 
such as 5–7, 7 lesions, up-to-7, and up-to-11 criteria. Ya-
makado et al. [25] also demonstrated that 4 tumors measur-
ing 7 cm or smaller (4-of-7 cm criterion) was a favorable 
prognostic factor for intermediate-stage HCC patients. In 
our study, the prognostic value of 5–7 and 7 lesions criteria 
in discriminating response and survival were much less sig-
nificant than the up-to-7 or up-to-11 criteria (Fig. 1; Ta-
ble  3). The up-to-7 criteria may select patients with the 
highest chance of CR, while up-to-11 criteria may select 
patients with the lowest chance of CR and the highest 
chance of PD. To further discriminate the chance of radio-
logic response, we combined up-to-7 and up-to-11 and 
proposed the 7–11 criteria, which stratified patients into 
low, intermediate, and high tumor burden. The 7–11 crite-
ria could better stratify the chance of radiologic response, 
especially CR, among the 3 groups. By multivariate analysis, 
we showed that 7–11 criteria were the most predominant 
predictor of achieving CR, objective response, and PD after 
the first session of TACE. Of note, we found that the ORR 
and DCR were similar between patients with intermediate 
and low tumor burden by 7–11 criteria, suggesting that pa-
tients beyond up-to-7 but within up-to-11 criteria could 
still benefit from TACE in terms of getting radiologic re-
sponse and disease control.

In patients with intermediate-stage HCC undergoing 
TACE, complete response could still be achieved in a 
small proportion of patients, even in patients with inter-
mediate and high tumor burden. Patients achieving CR 
were shown to have a significantly better long-term sur-
vival [16, 17]. In this study, 11.5% of patients could 
achieve CR by the first session of TACE, but 80.6% of 
them developed HCC recurrence during the follow-up 
period, suggesting that stringent follow-up remains need-
ed in patients achieving CR after TACE. Our data showed 
that the 7–11 criteria could significantly stratify the 

chance of CR, the risk of recurrence after CR, and the OS 
in subgroup patients achieving CR.

We further compared the prognostic value of different 
criteria of tumor burden in OS after TACE. We showed that 
up-to-11 criteria were better than up-to-7 criteria in pre-
dicting OS, while the new 7–11 criteria provided the best 
prognostic value, which had the lowest AICc, highest ho-
mogeneity, and highest AUROC in predicting 1-, 2-, and 
3-year mortality. These data suggested that 7–11 criteria 
were the best to discriminate OS among the 5 models. By 
multivariate analysis, the 7–11 criteria could significantly 
predict OS, independent of age, AFP levels, liver function 
reserve and radiologic response. The OS was equally dis-
tributed in patients with low, intermediate, and high tumor 
burden, with median OS was 33.1, 22.3, and 11.9 months, 
respectively (Fig. 2b). Although the difference of AIC be-
tween 7 and 11 and up-to 11 criteria was small, the 7–11 
criteria had higher AUROC to predict 1-, 2-, and 3-year 
mortality and higher Homo χ2 than other criteria of tumor 
burden. Besides, the 7–11 criteria not only had the best pre-
dictive role in overall survival, but also presented the best 
discriminative value to predict radiologic response. Our 
data suggest that 7–11 criteria was superior to up-to-7 and 
up-to-11 criteria and could help to improve treatment deci-
sion making for intermediate-stage HCC.

A recent multicenter study showed that the CR rate 
ranged from 1.5 to 53.4% among 8 multicenter cohorts [17]. 
There were few studies reporting the CR and OS rates in 
patients within up-to-7. Kim et al. [16] reported a median 
OS of 43.6 months and a CR rate of 59.2% in patients with 
tumor burden beyond Milan criteria but in up-to-7 criteria. 
However, in this study, the overall CR rate was 52.5%, which 
was much higher than the average CR rate reported previ-
ously. Besides, the study by Kim et al. [16] also revealed that 
tumor burden by Milan criteria and up-to-7 criteria sig-
nificantly affected the CR rate and survival of patients re-
ceiving TACE. The heterogeneity of patient population and 
different TACE techniques might contribute to the wide 
range of CR rates and OS among different studies [25, 26]. 
In our study, the CR and OS rates were comparable to pre-
vious reports, and we could significantly discriminate CR 
and overall survival rates by 7–11 criteria.

Liver function deterioration after repeated TACE is 
an important concern in patients with intermediate-
stage HCC. In this study, we observed 18.1% of patients 
had liver function migration from Child-Pugh class A to 
Child-Pugh class B or C after repeated TACE proce-
dures, and patients with higher tumor burden had a sig-
nificantly higher risk of liver function deterioration. Ad-
ditional treatment after initial TACE may have strong 
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influence on OS. In this study, 91 (14.4%) patients had 
successful down-staging by initial TACE and could re-
ceive subsequent curative treatment, and tumor burden 
by 7–11 criteria may also stratify the possibility to re-
ceive curative treatment after successful down-staging 
by initial TACE, which may lead to a better overall sur-
vival. On the other hand, 144 patients (22.8%) patients 
received subsequent systemic therapies after TACE fail-
ure or PD. We observed comparable percentage of pa-
tients with low, intermediate and high tumor burden by 
7–11 criteria received subsequent systemic therapies, in-
dicating that the impact of systemic therapies would not 
change the prognostic value of tumor burden by 7–11 
criteria.

Recent advances in systemic therapies have changed 
the paradigm for the treatment of intermediate-stage 
HCC. Early introduction of systemic therapy should be 
considered for patients unsuitable or refractory to TACE 
treatment [7, 9, 27]. It is generally accepted that high tu-
mor burden indicates TACE-unsuitable, but the defini-
tion of high tumor burden was not well-defined in inter-
mediate-stage HCC. The recent Asian-Pacific consensus 
adopted up-to-7 criteria to describe tumor burden and 
guide the decision of treatment selection [8]. However, 
up-to-7 criteria were originally developed for liver trans-
plantation [13], which was usually applied in patients 
with early-stage HCC. In this study, we showed that the 
majority of patients in intermediate-stage HCC were ac-
tually beyond up-to-7 criteria. Besides, up-to-7 criteria 
did not show the best discriminative value in predicting 
response and survival after TACE. Therefore, high tu-
mor burden in intermediate-stage HCC should be rede-
fined. Our data showed that patients within up-to-7 had 
the best radiologic response and OS, but a significant 
proportion of patients with intermediate tumor burden 
by 7–11 criteria may still get benefit from TACE. In con-
trast, patients beyond up-to-11 indeed had worse out-
comes. With near 50% of ORR in patients with interme-
diate tumor burden, this subgroup should not be consid-
ered as TACE-unsuitable by using conventional up-to-7 
criteria.

Currently, several strategies of early introducing sys-
temic therapies in intermediate HCC have been pro-
posed, such as the combination of TACE with targeted 
therapy [18] or initial targeted therapy followed by sub-
sequent TACE [28]. For patients with intermediate tu-
mor burden, our data suggest that TACE could still be 
considered in this population, but the CR rate would be 
compromised. Adjuvant systemic treatment might be 
considered to enhance tumor control. For patients with 

high tumor burden, systemic therapies could be consid-
ered as the initial treatment due to TACE-unsuitable, 
subsequent TACE might be considered if downsizing the 
tumor burden can be achieved.

There are some limitations in this study. First, this is a 
retrospective study from a single medical center in Tai-
wan. Our results require prospective external validation 
in the future. Second, the subsequent treatments after 
first session TACE were not analyzed in this study, which 
might have a significant impact on OS. Especially, newer 
systemic therapies have been introduced in recent years, 
which might further prolong patients’ survival after pro-
gression to advanced stage. Third, the impact of TACE on 
liver function deterioration among patients with different 
tumor burden was not evaluated. Although TACE could 
still provide radiologic responses in a certain proportion 
of patients with intermediate and high tumor burden, the 
objective responses and preserving liver function are 
equally important to prolong OS [5]. The balance be-
tween safety and efficacy of TACE for HCC patients with 
intermediate and high tumor burden warrants further at-
tention. Forth, although early initiation of systemic ther-
apies could be considered in patients with intermediate 
or high tumor burden, due to the National Health Insur-
ance policy in Taiwan, early initiation of systemic thera-
pies for patients with intermediate or high tumor burden 
were not reimbursed. Therefore, we could not evaluate 
the efficacy of early initiation of systemic therapies in our 
patients.

In conclusion, conventional definitions of high tumor 
burden are not optimal for patients with intermediate-
stage HCC. We propose new 7–11 criteria, which were 
shown to be most discriminative in predicting radiologic 
response and OS in patients with intermediate-stage 
HCC undergoing TACE. The treatment strategy in inter-
mediate-stage HCC could be reconsidered based on the 
new 7–11 criteria.
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