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Abstract
Background/Aim: Adequate assessment of transcatheter arterial chemoembolization (TACE)-
refractory status has become more important for switching treatment in intermediate-stage 
(BCLC-B) hepatocellular carcinoma (HCC) patients treated with TACE. The usefulness of a pre-
viously proposed tumor marker score for predicting prognosis of BCLC-B HCC patients treat-
ed with TACE was investigated. Methods: Using a nationwide database, we examined the re-

Published online: February 18, 2019

Atsushi Hiraoka, MD, PhD
Gastroenterology Center
Ehime Prefectural Central Hospital
83 Kasuga-cho, Matsuyama, Ehime 790-0024 (Japan)
E-Mail hirage @ m.ehime-u.ac.jp

www.karger.com/lic
DOI: 10.1159/000495944



404Liver Cancer 2019;8:403–411

Hiraoka et al.: Tumor Marker Score in Patients Undergoing TACE

www.karger.com/lic
© 2019 S. Karger AG, BaselDOI: 10.1159/000495944

cords of 1,306 naïve BCLC-B HCC with Child-Pugh A who were treated from 2001 to 2007, 
after excluding those with missing data (hepatic function or tumor markers) or cases with a 
single large tumor. Alpha-fetoprotein (AFP) ≥100 ng/mL, fucosylated AFP (AFP-L3) ≥10%, and 
des-gamma-carboxy prothrombin ≥100 mAU/mL were markers used to define positive cases. 
The number of positive tumor markers was used as a prognostic score, and its predictive val-
ue was evaluated in a retrospective manner. Results: Median survival time became shorter 
along with increased score (0, 1, ≥2 = 4.8, 3.8, 3.2 years, respectively; p < 0.01). Tumor marker 
score (≥2; hazard ratio [HR] 1.675, 95% confidence interval [CI] 1.372–2.044, p < 0.001), serum 
levels of albumin (≥3.5 g/dL; HR 0.726, 95% CI 0.528–0.997, p = 0.048), and up-to-7 criteria (HR 
1.673, 95% CI 1.400–2.000, p < 0.001) were significant prognostic factors for death in the Cox 
hazard multivariate analysis. Conclusion: Tumor marker score had a useful predictive prog-
nostic value in BCLC-B HCC treated with TACE. Especially in patients with a tumor marker score 
of 2 or greater, a poor therapeutic response should be expected, and appropriate judgement 
of TACE-refractory status is necessary. © 2019 S. Karger AG, Basel

Introduction

During the clinical course of hepatocellular carcinoma (HCC), many patients show 
frequent recurrence following curative treatment and finally reach an out-of-indication status 
for curative therapy. For intermediate-stage (BCLC-B) HCC patients [1, 2], transcatheter 
arterial chemoembolization (TACE) is recommended as standard therapy [3]. Recently, the 
concept of switching to a tyrosine kinase inhibitor (TKI), a new therapeutic option for 
advanced-stage HCC, has been proposed for TACE-refractory patients [4, 5]. The prognosis of 
patients receiving TKI treatment is dependent on hepatic reserve function. In a previous 
study, we reported that repeated TACE gradually reduces hepatic reserve function [6]. Thus, 
appropriate judgment of TACE refractory status has become important to avoid not only 
lower effective but also harmful TACE, especially in BCLC-B patients expected for poor prog-
nosis.

Alpha-fetoprotein (AFP), fucosylated AFP (AFP-L3), and des-gamma-carboxy prothrombin 
(DCP) are used as tumor markers for HCC in Japan. However, elevated levels and response to 
TACE vary among them. Although the Liver Cancer Study Group of Japan (LCSGJ) criteria 
include “continuous elevation of tumor markers right after TACE even though transient minor 
reduction is observed” as one of the signs of TACE failure/refractory status [5, 7], few reports 
have presented definitive tumor marker levels that can be regarded as significant elevation 
for more detailed TACE refractory prediction. Recently, a tumor marker score that uses AFP, 
AFP-L3, and DCP was proposed for predicting prognosis of patients with BCLC-B HCC under-
going TACE treatment [8–10]. In this validation study, we analyzed the usefulness of this 
tumor marker score as a prognostic factor by examining nationwide database records of 
BCLC-B and Child-Pugh class A patients who received TACE. 

Materials and Methods

Patients
We obtained details regarding 64,928 patients with naïve HCC in Japan recorded from January 2001 to 

December 2007 by examining a nationwide survey system. Inclusion criteria were set as follows: (i) BCLC-B 
patients who were treated with TACE, (ii) those with tumor marker data (AFP, AFP-L3, and DCP), and (iii) 
those with Child-Pugh A, while exclusion criteria were as follows: (i) lack of information on tumor burden 
(size, number, vascular invasion, or extrahepatic metastasis), (ii) BCLC-B patients who were not treated with 
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TACE, (iii) lack of data of tumor markers or hepatic reserve function (albumin, total-bilirubin, prothrombin 
time, ascites information, or hepatic coma), (iv) those with Child-Pugh B, and (v) single large tumor (> 5 cm) 
because it remains controversial whether those should be classified as intermediate stage. There were 3,002 
BCLC-B patients with Child-Pugh A, who had overlapping lack of data of tumor markers (AFP/AFP-L3/ 
DCP = 736/2014/1004). Finally, the records of 1,306 BCLC-B patients with Child-Pugh class A were subjected 
to analysis (Fig. 1).

In the patients who were positive for the anti-hepatitis C virus (HCV) or hepatitis B surface antigen 
(HBsAg), HCC was considered to be due to those, while patients negative for both anti-HCV and HBsAg were 
judged as nonviral (NBNC) HCC.

Tumor Marker Score
Positivity for AFP was defined as ≥100 ng/mL, while that for AFP-L3 was ≥10% and for DCP was ≥100 

mAU/mL. We added up the number of positive tumor markers to determine the prognostic score, noted as 
0, 1, or ≥2 [8–10], and evaluated the predictive value of that score for prognosis in a retrospective manner. 
Tumor node metastasis stage presented by the Liver Cancer Study Group of Japan (LCSGJ) 6th edition was 
used for staging [11].

Using the reported Bolondi [2] and Kinki criteria [12], patients were classified according to Child-Pugh 
score and tumor burden (Milan criteria [13], up-to-7 criteria [14]). All were divided into B1 and B2 subclasses, 
which is common when using the Bolondi and Kinki criteria, because each of the present patients was clas-
sified as Child-Pugh A (score of 5 or 6). 

Statistical Analysis
The Kruskal-Wallis test, one-way ANOVA, and a log-rank test with the Kaplan-Meier method were used 

where appropriate. Hazard ratio (HR) for death related to each clinical factor was evaluated using Cox hazard 
analysis. For multiple comparisons, Holm’s method was used. All statistical analyses were performed using 
Easy R (EZR), version 1.29 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [15], a graphical 
user interface for the R Statistical Computing Environment (R Foundation, Vienna, Austria). All p values were 
derived from two-tailed tests, with p < 0.05 accepted as statistically significant. 

Total patients in the national database (n = 64,928)

BCLC-0/A/C/D, or
data lacking tumor burden or
hepatic reserve function
(n = 51,881)

BCLC-B patients
(n = 13,047)

Treated with other than TACE
(n = 7,384)

Treated with TACE
(n = 5,663)

Child-Pugh class B
(n = 511)

Single large tumor
(n = 844)

Data lacking tumor marker
(n = 3,002)
(AFP/AFP-L3/DCP=736/2,014/1,004)*

BCLC-B patients with Child-Pugh A (n = 1,306)

Fig. 1. Flow diagram of the pa-
tients who were enrolled in the 
present analysis. Some patients 
(*) had overlapping lack of data 
on tumor markers.
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Results

The average age of the enrolled 1,306 patients was 69.4 ± 9.0 years old, and 77.1% were 
male (n = 1007). The median maximum tumor size was 4.0 cm (interquartile range [IQR]: 
3.0–5.5). There were 888 patients classified as beyond up-to-7 criteria (68.0%: BCLC subclass 
B2) and 249 (19.1%) classified as TNM stage II (Table 1). Nine hundred and one were positive 
for HCV, 150 for HBV, and 20 for both HBV and HCV, while 230 were NBNC, and the etiology 
in 5 was undetermined. Median observation period was 1.4 years (IQR: 0.7–2.5). When tumor 
number was 6 or more, it was recorded as “6” in the present database. Four patients with 
small tumors (< 1 cm in diameter) and with “6” tumors were categorized as within up-to-7 
criteria in the present analysis.

Overall survival associated with each tumor marker score is shown in Figure 2a. A total 
of 390 died in the observation period. That was not different between patients with a score 
of 2 and those with a score of 3 (p = 0.710, Holm’s method). Each factor of tumor marker score 
showed similar HR for prognosis (HR: AFP ≥100 ng/mL = 1.708, L3 10% = 1.765, and DCP 
≥100 mAU/mL = 1.700; p < 0.001, respectively). As a result, HR became larger with increasing 
score (HR: tumor marker score 1 = 1.552, and ≥2 = 2.179; p < 0.01, respectively) (Table 2). 
Median survival time (MST) worsened with increasing tumor marker score (MST: tumor 
marker score 0 = 4.8 years, 1 = 3.8 years, ≥2 = 3.2 years; p < 0.01, Holm’s method) (Fig. 2b). 
Regardless of tumor marker score, the prognosis of the patients within up-to-7 criteria was 
better than that of those beyond (Fig. 3).

Examinations of the prognostic factors for death with Cox hazard univariate analysis 
showed that the markers serum level of albumin < 3.5 g/dL (HR 1.650, 95% confidence 
interval [95% CI] 1.321–2.062, p < 0.001), tumor marker score ≥2, Child-Pugh score 6 (HR 
1.31, 95% CI 1.202–1.428, p < 0.001), and beyond up-to-7 criteria (subclass B2: HR 1.686, 
95% CI 1.523–1.867, p < 0.001) were significant. Furthermore, multivariate analysis also 

Table 1. Characteristics of intermediate-stage patients classified as Child-Pugh class A

Total 
(n = 1,306)

Tumor marker 
score 0 
(n = 296)

Tumor marker 
score 1 
(n = 434)

Tumor marker 
score ≥2 
(n = 576)

p value

Age, yearsa 69.4 (9.0) 69.4 (8.7) 69.3 (8.5) 69.5 (9.5) 0.982b

Etiology (HCV:HBV:HBV&HCV:
NBNC:unknown) 901:150:20:230:5 208:33:2:51:2 291:45:9:88:1 402:72:9:91:2 0.426c

Total-bilirubin, mg/dLa 0.87 (0.38) 0.91 (0.37) 0.89 (0.39) 0.89 (0.39) 0.639b

Albumin, g/dLa 3.77 (0.42) 3.78 (0.39) 3.77 (0.42) 3.76 (0.42) 0.768b

Prothrombin time, %a 86.3 (12.9) 85.8 (12.5) 86.1 (13.3) 86.7 (12.8) 0.607b

Child-Pugh score (5:6) 801:505 179:117 262:172 360:216 0.743c

Maximum tumor size, cma 4.75 (3.77) 3.84 (4.05) 4.86 (3.79) 5.13 (3.52) <0.001b

Up-to-7 criteria (within:beyond) 418:888 129:167 130:304 159:417 0.002c

AFP ≥100 ng/mL 546 (41.8%) 0 (0%) 72 (16.6%) 474 (82.3%) <0.001c

AFP-L3 ≥10% 528 (40.4%) 0 (0%) 64 (14.7%) 464 (80.6%) <0.001c

DCP ≥100 mAU/mL 787 (60.3%) 0 (0%) 298 (68.7%) 489 (84.9%) <0.001c

MST, years 4.0 4.8 3.8 3.2 <0.001d

HCV, hepatitis C virus; HBV, hepatitis B virus; NBNC, negative for both HBV and HCV; AFP, alpha-fetoprotein; AFP-L3, fucosylated 
AFP; DCP, des-gamma-carboxy prothrombin; MST, median survival time. a Values shown as the mean (standard deviation). b One-way 
ANOVA. c Kruskal-Wallis test. d log-rank test.
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Fig. 2. Overall survival of intermediate-stage hepatocellular carcinoma patients (Child-Pugh A, multiple tu-
mors) based on the tumor marker score. a Significant differences were observed among scores of 0, 1, and 
2/3 (p < 0.05, Holm’s method), but not between scores of 2 and 3 (p = 0.710, Holm’s method). b Median sur-
vival time both worsened as tumor marker score increased (tumor marker score 0 = 4.8 years, 1 = 3.8 years, 
≥2 = 3.2 years; p < 0.01, Holm’s method).
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Fig. 3. Comparison between within and beyond up-to-7 criteria for each tumor marker score (0, 1, ≥2).  
a Tumor marker score 0. Median survival time (MST) for those within up-to-7 criteria (B1) was better com-
pared to that of those beyond (B2) (not available vs. 4.3 years, p = 0.045). b Tumor marker score 1. MST for 
B1 was better compared to that of B2 (4.5 vs. 3.5 years, p = 0.019). c Tumor marker score ≥2. MST for B1 was 
better compared to that of B2 (4.0 vs. 2.7 years, p = 0.002).
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revealed tumor marker score (≥2; HR 1.675, 95% CI 1.372–2.044, p < 0.001), albumin (< 3.5 
g/dL; HR 1.377, 95% CI 1.003–1.894, p = 0.048), and up-to-7 criteria (HR 1.728, 95% CI 
1.375–2.172, p < 0.001) as significant factors for prognosis (Table 3). 

Discussion

Recently, treatment with TKI, such as sorafenib [16–18] and regorafenib [19], has been 
given to patients with unresectable HCC and good reserve hepatic function, resulting in 
improved prognosis. Moreover, a new TKI, lenvatinib, has been recently reported [20, 21]. 
With the number of therapeutic options for patients with beyond BCLC-B HCC increasing 
[22], the importance of TACE-refractory status for deciding to switch therapy to improve 
prognosis has increased. Furthermore, a few studies have found that switching to sorafenib 
resulted in better prognosis for TACE-refractory patients as compared to those who were not 
switched [23, 24]. 

Although various reports have proposed predictive tools for prognosis of HCC patients 
treated repeatedly with TACE [25–27], the examined cohorts included a variety of conditions. 
Establishment of TACE-refractory status and strategies for switching treatment from TACE 
in BCLC-B HCC patients with good hepatic reserve function are needed. Studies performed in 
Western countries have provided some algorithms and scoring systems for judging TACE-
refractory status [4, 28]. In addition, criteria have been recently proposed in Japan [5], 
including “continuous elevation of tumor markers even though a transient minor reduction 

HR 95% CI p value

AFP ≥100 ng/mL 1.708 1.550–1.882 <0.001
AFP-L3 ≥10% 1.765 1.534–2.030 <0.001
DCP ≥100 mAU/mL 1.700 1.511–1.912 <0.001
Tumor marker score

≥2 2.179 1.649–2.879 <0.001
1 1.552 1.151–2.094 0.004
0 1.0

AFP, alpha-fetoprotein; AFP-L3, fucosylated AFP; DCP, des-gamma-
carboxy prothrombin.

Table 2. Prognostic factors for 
tumor marker score

Table 3. Clinical prognostic factors: Cox hazard analysis

HRa 95% CIa p valuea HRb 95% CIb p valueb

Age ≥75 years 0.998 0.792–1.257 0.985
HCV positive 0.902 0.728–1.112 0.344
Total bilirubin ≥2.0 mg/dL 0.609 0.152–2.445 0.484
Albumin <3.5 g/dL 1.650 1.321–2.062 <0.001 1.377 1.003–1.894 0.048
PT ≥70% 1.026 0.689–1.527 0.901
Child-Pugh score 6 1.310 1.202–1.428 <0.001 1.247 0.935–1.662 0.133
Beyond up-to-7 criteria 1.686 1.523–1.867 <0.001 1.728 1.375–2.172 <0.001
Tumor marker score ≥2 1.674 1.372–2.042 <0.001 1.675 1.372–2.044 <0.001

HR, hazard ratio; 95% CI, 95% confidence interval; HCV, hepatitis C virus. a Univariate analysis. 
b Multivariate analysis. 
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is observed” for judging TACE-refractory patients. However, the majority of Asian experts  
(> 80%) mainly use imaging modalities for judging TACE-refractory patients [7]. The reasons 
could be the lack of cut-off values for TACE-refractory status in each tumor marker, and that 
discrepancies between imaging modality findings and tumor marker levels are often noted 
(e.g., stable disease shown by imaging modalities but no improvement of elevated tumor 
marker levels).

Kiriyama et al. [29] have reported on the influence of the expression pattern of the 3 
tumor markers (AFP, AFP-L3, and DCP) on HCC malignancy and prognosis of HCC patients 
who underwent hepatectomy. Recently, a tumor marker scoring system that utilizes only 
these 3 tumor markers (AFP, AFP-L3, DCP) has been proposed as a simple prediction tool for 
prognosis of BCLC-B HCC patients treated repeatedly with TACE [8, 10]. Because we should 
always keep in mind TACE-refractory status and switching to TKI treatments in TACE-
refractory patients when we start TACE treatment in the intermediate stage, we used the 
tumor markers at the time of introducing first TACE as the present score. In another report, 
tumor marker score was shown to be useful also for prediction of BCLC-B HCC prognosis after 
2 TACE sessions [9]. The results of the present validation study were similar to those in 
previous reports. In addition, Toyoda et al. [30] found that simultaneous measurement of the 
3 tumor markers to determine the number with positivity was useful for predicting tumor 
progression, outcome, and treatment efficacy.

The global investigation of therapeutic decisions in HCC and of its treatment with 
sorafenib (GIDEON) study, which was a prospective, global, noninterventional study, showed 
that the percentage of patients with Child-Pugh B at initiation of sorafenib was higher when 
the number of TACE sessions prior to sorafenib was 6 or more [31]. Another report found that 
repeated TACE for BCLC-B HCC resulted in a gradual worsening of hepatic reserve function 
[6]. In the present study, worse Child-Pugh score (score 6), in spite of Child-Pugh class A clas-
sification, was found to be an independent prognostic factor for poor prognosis. We consider 
that it is vital not to miss the opportunity of switching to TKI and to avoid hepatic reserve 
function worsening by appropriate judgment of TACE-refractory status.

Although therapeutic response shown by imaging modalities is recognized as stable 
disease, some cases that undergo repeated TACE have a sudden rapid progression. Recently, 
“Time To TACE Progression (TTTP)” [32, 33], which can predict future poor response based 
on slight volume change shown in imaging modalities, such as enhanced computed tomog-
raphy and magnetic resonance imaging, has been reported. The combination of tumor marker 
score at the start of a repeated TACE course and shorter TTTP during the clinical course 
makes it easy to appropriately judge TACE-refractory status. Ogasawara et al. [34] reported 
that therapeutic efficacy is expected in patients who switch to sorafenib therapy prior to 
progression to an advanced-stage than in those who switch after that progression. Needless 
to say, to prolong the prognosis of BCLC-B HCC patients, adequately judging TACE-refractory 
status before progression to advanced stage is important, especially in patients who are 
expected to have poor prognosis.

Our study has some limitations. First, even though the cohort was large, it was conducted 
in a retrospective manner. Especially, the number of patients with missing data on AFP-L3 
was large. Second, some detailed information regarding treatments after initial TACE is 
missing because data were obtained from a nationwide database. A prospective study will be 
needed to confirm the usefulness of this tumor marker score for BCLC-B HCC patients with 
good hepatic reserve function (Child-Pugh A). In addition, though TACE is recommended as 
the initial treatment for BCLC-B HCC, good therapeutic efficacy following resection [35] and 
radiofrequency ablation (RFA) [36] have been reported in some BCLC-B HCC cases. Curative 
treatments such as resection and RFA in selected patients may have the potential to improve 
prognosis as compared with TACE. Especially in the patients within up-to-7 criteria with good 
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hepatic function, the efficacy of curative treatments and that of TACE should be compared in 
the near future.

In conclusion, our findings indicate that the proposed tumor marker score composed of 
only 3 tumor markers, i.e. AFP ≥100 ng/mL, AFP-L3 ≥10%, and DCP ≥100 mAU/mL, is easy 
and useful for predicting the prognosis of BCLC-B HCC patients after introduction of TACE. 
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Informed consent was obtained from all patients before treatment, and this retrospective analysis was 
approved by the LCSGJ committee.
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