
© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2014;26(1):124-131www.thecjcr.org

Introduction

Gastrointestinal stromal tumors (GISTs) are one of the 
most common mesenchymal tumors, and account for 
approximately 2% of gastrointestinal tract tumors (1,2). 
The liver is the most common site for metastasis from 
GIST, with a reported incidence of 55-72% in patients 

with tumor recurrence, and metastatic liver disease is a 
major determinant of patient survival (3,4). Some studies 
(5-7) have shown favorable results of transcatheter 
arterial chemoembolization (TACE) for GIST with liver 
metastases. At present, there is no standard treatment for 
metastatic GIST after imatinib and/or sunitinib failure. But 
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a few studies (8,9) have confirmed the role of TACE in the 
treatment of patients with GIST after failure of tyrosine 
kinase inhibitors (TKIs).

TACE is primarily used to treat patients with GIST 
hepatic metastasis who are not suitable candidates for curative 
treatment (10,11). The rationale for TACE is that intra-
arterial chemotherapy with lipiodol and chemotherapeutic 
agents, followed by selective vascular embolization, will 
result in a strong cytotoxic effect combined with ischemia 
[conventional TACE (cTACE)] (12). Recently, another 
new embolization material Embosphere® (Embospheres, 
Biosphere Medical, Rockland, MA, USA) has provided a 
new option for transcatheter embolization. Embosphere® 
consists of nonabsorbable hydrophilic particles that are 
calibrated precisely by size. It has the ability to actively 
reach the microcirculation more effectively compared with 
conventional, lipiodol-based regimens. Researchers from 
western countries have also suggested that embolization 
with these particles offers a superior effect as compared 
with bland embolization or cTACE for tumors with liver 
metastasis (13-15).

To date, limited data are available in Asia regarding the 
use of TACE with Embosphere® for liver metastasis from 
GIST. We have previously reported preliminary results 
regarding the use of cTACE in treatment of patients with 
GIST after failure of TKIs (9). Transcatheter arterial 
embolization (TAE) with Embosphere® (Embosphere®-
TAE) is a new option for these cases and has shown 
significantly objective response (OR) rates. In the present 
study, we evaluated the efficacy, safety, and overall survival 
(OS) benefit of Embosphere® treatment in comparison with 
cTACE in patients with GIST with liver metastasis after 
failure of TKIs.

Materials and methods

Study design

The study was an open, retrospective, controlled cohort 
analysis. In total, 45 patients with GIST and hepatic 
metastasis who were treated with TACE-based therapy 
from Aug 2009 to Feb 2013 at the Beijing Cancer hospital 
of China were included. The median duration of follow-
up was 20 months (range, 5-40 months). Four patients 
were lost follow-up of survival time because of losing 
contact. The eligibility criteria were as follows: (I) patients 
with histologically confirmed CD117-positive GIST with 
liver metastasis who were resistant and/or intolerant to 

imatinib and/or sunitinib and received TACE for at least 
one treatment cycle; (II) presence of at least two GIST 
liver metastatic lesions with a minimum diameter of 10 mm 
by liver dynamic computed tomography (CT) and target 
lesions with suitability for accurate repeated measurement; 
(III) an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1 with preserved liver function 
(Child-Pugh Class A or B); and (IV) no previous TACE. 
Patients with potentially resectable or ablative lesions but 
at a high risk for surgery and radiofrequency ablation (RFA) 
were also enrolled. The exclusion criteria included the 
presence of another primary tumor, advanced liver disease 
[bilirubin levels >3 mg/dL, and aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) >5× the upper 
limit of normal]. The patients with GIST who underwent 
TAE with Embosphere® (n=19) were compared with 
controls who received cTACE (n=26). The study was 
approved by the institutional Ethics Review Board and 
conducted in compliance with the Declaration of Helsinki.

Treatment response

The treatment response was evaluated three months after 
receiving TACE using the modified Response Evaluation 
Criteria in Solid Tumors (mRECIST) (16). A complete 
response (CR) was defined as disappearance of any intra-
tumoral arterial enhancement in all the lesions; a partial 
response (PR) was defined as a 30% decrease in the sum of 
diameters of viable (contrast enhancement in the arterial 
phase) lesions; progressive disease (PD) was defined as an 
increase of 20% in the sum of diameters of viable lesions; 
and stable disease (SD) was defined as any case that did 
not qualify as either PR or PD. An OR rate was defined as 
complete plus partial response.

Statistical analysis

All the statistical analyses were performed using the SPSS 
15.0 software (SPSS Inc., Chicago, IL, USA). Tumor 
responses and variables between the two groups were 
compared using χ2, Fisher’s exact, or independent t-tests, 
as appropriate. Progression-free survival (PFS) and OS 
curves were constructed using the Kaplan-Meier method 
and compared with a log-rank test. Statistically significant 
factors in univariate analysis were estimated using the 
multivariate Cox proportional hazard model. P<0.05 was 
considered statistically significant.
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Results

Clinical characteristics of patients

The study included 33 males and 12 females. The mean 
age was 53 years [95% confidence interval (95% CI): 50.8-
59.2]. All patients were assessed at registration to have the 
ECOG performance status grade 0-2. According to the 
Barcelona Clinic Liver Cancer (BCLC) staging system, 
71.1% of the patients were in stage A and 28.9% were 
stage B; 36% had extrahepatic metastasis. All patients had 
received sunitinib and/or imatinib prior to TACE or best 
supportive care (BSC)/TKI introduction treatment. The 

clinical characteristics of the 45 patients in the two groups 
are shown in Table 1.

Treatment in TACE group

The eligibility criteria for TACE included a well-preserved 
hepatic and renal function, Child-Pugh classification A and 
B, adequate hematologic function, and ECOG performance 
status of 0-2. Patients with high-risk factors, such as 
portal vein occlusion, no hepatopetal flow, passive ascites, 
encephalopathy, or active cardiac failure, were excluded. 
Local anesthesia was given with 1% lidocaine. After the 
introduction of a selective catheter through the femoral 
artery using the Seldinger technique, the localization of 
the hepatic arteries was checked with celiac and mesenteric 
arteriography. This was performed to define the vascular 
anatomy. Next, an indirect portography was performed 
to outline the portal circulation in the venous phase. A 
5-French catheter was placed in the celiac trunk to identify 
the hepatic artery. Depending on the size, location, and 
arterial supply to the tumor, a micro-catheter was advanced 
further into the segmental feeding arteries to perform 
embolization. An emulsion containing 5-20 mL iodized 
oil and 40-80 mg doxorubicin hydrochloride was used 
depending on the tumor size. Additional embolization was 
performed using 1-2 mm diameter gelatin sponge particles 
according to the status of the blood supply. The ideal 
embolization end-point was the stasis of flow in the tumor-
feeding branches. A follow-up abdominal imaging (CT) 
was performed two months after the first embolization. 
The follow-up images were assessed by two radiologists and 
compared with the baseline images to assess the response.

Treatment in Embosphere®-TAE (Embo-TAE) group

Patients in the Embo-TAE group were treated with 
Embosphere® with a maximum dose of 10 mL (diameter 100-
300 lm, 300-500 lm, 500-700 lm). A repeat treatment was 
scheduled within two weeks after follow-up imaging if there 
was a residual viable tumor. If available, Embo-TAE was 
repeated until the occurrence of symptomatic progression, 
extrahepatic spread, vascular invasion, or development of 
liver failure, in spite of tumor progression of the target 
lesions or development of new lesions. When the progressed 
tumor was not treatable by Embo-TAE or cTACE, patients 
were treated with imatinib or sunitinib. During the follow-
up period, laboratory tests, including albumin, bilirubin, 
AST, ALT and prothrombin time, and a dynamic CT scan of 

Table 1 Patients’ clinical characteristics

Characteristics Total cTACE Embo-TAE P

Sex 0.619

Male 33 19 14

Female 12 7 5

Age (year) 53.1 53 55 0.158

ECOG PS 0.668

0-1 35 20 15

2 10 5 5

Primary location 0.166

Stomach 21 12 9

Small intestine 17 12 5

Other 7 2 5

Number of liver lesions 0.987

1 17 10 7

2-3 19 11 8

>5 9 5 4

Extent of liver involvement 0.165

<50% 34 17 17

50-70% 10 8 2

>70% 1 1 0

Extrahepatic metastasis 0.076

Yes 26 12 14

No 29 14 15

TKI reintroduction 0.125

Yes 40 24 16

No 5 4 1

cTACE, conventional transcatheter arterial chemoembolization; 

Embo-TAE, Embosphere®-transcatheter arterial embolization; 

ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine 

kinase inhibitor.
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the liver (nonenhanced, arterial, portal, and delayed venous 
phases) were performed to evaluate treatment response and 
preserved liver function every four weeks after treatment. 
After achieving a CR, treatment responses were assessed 
using imaging studies every three months.

TKI reintroduction

Almost all the patients (40/45) received standard TKI 
reintroduction during the intermittent period of TACE. Patients 
received imatinib (400 mg/d) and/or sunitinib (37.5 mg/d). The 
interval between TKI therapy and TACE was two weeks.

Treatment response rate

All the patients had measurable metastatic disease according 
to the mRECIST. Treatment responses were evaluated 
every 8-10 weeks after TACE. In the Embo-TAE group, 
6 (31.6%) and 10 (52.6%) patients showed CR and PR, 
respectively, 3 (15.8%) had SD, and no patient had PD. In 
the cTACE group, 1 (3.8%) showed CR, 17 (65.4%) and 
6 (23.1%) patients showed PR and SD, respectively, and 2 
(7.7%) had PD. Therefore, the treatment response in the 
Embo-TAE group was significantly higher than that in the 
cTACE group (P<0.001).

PFS

As of May 2013, 22 (84.6%) patients in the cTACE group 

had progression of liver metastasis. In the Embo-TAE 
group, 15 (78.9%) patients had tumor progression. The 
median PFS in the Embo-TAE group (56.6 weeks, 95% CI: 
51.8-61.4 weeks) was longer than that in the cTACE group 
(42.1 weeks, 95% CI: 36.3-48.0 weeks) (P=0.003, Figure 1).

OS

As of May 2013, totally four patients were alive, two 
patients from the Embo-TAE group and two patients from 
the cTACE group. All deaths occurred because of tumor 
progression or related complications. The median OS in 
the Embo-TAE group was longer than that in the cTACE 
group (74.0 weeks, 95% CI: 68.2-79.8 vs. 61.7 weeks, 95% 
CI: 56.2-67.2 weeks) (unadjusted P=0.045, Figure 2). Embo-
TAE significantly reduced the risk of death in patients 
with GIST with liver metastases according to the Cox 
proportional hazards regression model [hazard ratio (HR): 
0.149; 95% CI: 0.064-0.475].

Adverse events

Most patients in the TACE group developed post-
embolization complications, which included abnormal liver 
function, abdominal pain, fever, nausea and so on within 
one month (Table 2). There were no major complications or 
grade 3-4 liver toxicities in either group within one month. 
Increases in ALT after the procedure were significantly 
less frequent in the Embo-TAE group than in the cTACE 

Figure 1 PFS curve. PFS, progression-free survival. Figure 2 OS curve. OS, overall survival.
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group (P=0.0001). The overall frequency of treatment-
emergent adverse effects was not different in the Embo-
TAE compared with the cTACE group according to 
National Cancer Institute-Common Toxicity Criteria 
(NCI-CTC) ver. 3.0. The majority of adverse events in both 
the groups were in the context of the post-embolization 
syndrome. Hepatic abscess only occurred in two cases of 
Embo-TAE group. Treatment with Embo-TAE may have 
caused complete necrosis, which may lead to hepatic abscess 

formation more easily (Figures 3,4).

Discussion

TACE, using lipiodol-mixed chemotherapeutic agent 
delivered as an emulsion, has been widely used as a 
standard treatment for hepatocellular carcinoma (HCC) 
in patients who are not suitable candidates for curative 
treatment and/or as a bridge to liver transplantation (17). 

Table 2 Adverse events

Adverse events
All grades (%) Grade 3-4 (%)

cTACE (n=26) Embo-TAE (n=19) P cTACE (n=26) Embo-TAE (n=19) P

Fever 23 (88.5) 13 (68.4) 0.546 2 (7.7) 1 (5.3) 0.141

Fatigue 16 (61.5) 10 (52.6) 0.936 5 (19.2) 3 (15.8) NA

ALT abnormity 22 (84.6) 9 (47.4) 0.0001 4 (15.4) 1 (5.3) 0.000

Nausea 14 (53.8) 14 (73.7) 0.052 1 (3.8) 0 (0) 0.567

Ascites 5 (19.2) 4 (21.1) 0.838 0 (0) 0 (0) NA

Diarrhea 5 (19.2) 3 (15.8) 0.654 0 (0) 0 (0) NA

Hematochezia 3 (11.5) 4 (21.1) 0.002 1 (3.8) 2 (10.5) 0.652

Neutropenia 12 (46.2) 5 (26.3) 0.235 3 (11.5) 1 (5.3) 0.659

Anemia 22 (84.6) 12 (63.2) 0.019 3 (11.5) 2 (10.5) 1.423

Thrombopenia 10 (38.5) 7 (36.8) 0.522 2 (7.7) 1 (5.3) 0.058

Hepatic abscess NA NA 0 2 0.000

NA, not applicable; cTACE, conventional transcatheter arterial chemoembolization; Embo-TAE, Embosphere®-transcatheter arterial 

embolization.

Figure 3 A lesion located in Segment IV before and after Embo-TAE. A complete necrosis was achieved with no enhancement observed in the 
tumor site. Embo-TAE, Embosphere®-transcatheter arterial embolization.
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This type of emulsion has been popularly used for years; 
therefore, it is also called cTACE. Furthermore, it is also 
regarded as an effective palliative treatment for a series of 
hepatic metastasis tumors such as neuroendocrine tumors, 
melanoma, and GIST.

Based on the evidence available at the time, and our own 
experience, we knew that if either the right or left hepatic 
artery is occluded, the tissue supplied by the occluded 
vessel would recruit intrahepatic collateral flow from the 
contralateral patent vessel virtually immediately (18). In 
addition, with passage of time after cTACE, the emulsion 
(lipiodol mixed chemotherapeutic agent) would be washed 
away and local recurrence of tumor may be discovered. 
These are the shortcomings associated with cTACE. An 
important meta-analysis of randomized embolization trials 
for HCC written by Cammà et al. was published in 2002 (19). 
Eighteen randomized controlled trials conducted between 
1980 and 2000 were included in the analysis. They 
concluded that chemoembolization significantly reduced 
the overall 2-year mortality rate compared with nonactive 
treatment, overall mortality was significantly lower in 
patients treated with TAE than in those treated with 
transarterial chemotherapy, and there is no evidence that 
TACE is more effective than TAE (odds ratio 1.007; 95% 
CI: 0.79-1.27; P=0.95), which suggests that the addition of 

an anticancer drug did not improve the therapeutic benefit.
Thereafter, a series of particle embolization materials 

were developed in an effort to enhance terminal vessel 
blockade, such as polyvinyl alcohol (PVA), drug-eluting 
beads (DEB), micron Embozene (Embozene Color 
Advanced Microspheres; CeloNova BioSciences, Newman, 
GA, USA), and calibrated spherical hydrophilic particles 
(Embospheres®, Biosphere Medical).

The recent introduction of Embosphere® in China 
has provided a valuable alternative treatment for patients 
with nonresectable GIST hepatic metastasis. According 
to a multicenter randomized controlled trial (20-23), the 
use of such type of particles for precision TAE resulted 
in a statistically significant reduction in systemic toxicity 
compared with cTACE. However, despite the overall 
trend favoring treatment with particle-TAE over cTACE, 
a statistically significant superiority in OR rates was 
observed only in the subgroup analysis of patients with 
more advanced disease (Child-Pugh B, ECOG 1, bilobar, 
or recurrent disease). We performed this retrospective case-
control study of Embo-TAE vs. conventional lipiodol-based 
TACE to evaluate the tumor response and safety in 45 
patients with GIST hepatic metastasis. The objective tumor 
response at two months after treatment was significantly 
higher in the Embo-TAE group, and the liver toxicity 
was not significantly different between the two groups. 
Our previous study (9) drew the conclusion that TACE is 
effective and well tolerated in patients with GIST with liver 
metastases after TKI failure. In the present study, a group 
of patients were enrolled to compare the two treatments 
and evaluate the efficacy of Embo-TAE in Chinese patients. 
A significant difference in response rates was observed 
between patients treated with Embosphere® compared with 
those treated with cTACE. The CR and PR were 6 (31.6%) 
and 10 (52.6%), respectively, in the Embo-TAE group, and 
1 (3.8%) and 17 (65.4%), respectively, in the cTACE group 
(P<0.001). 

Although the response rates in the cTACE group were 
similar to those observed in previous study (9), the rates in 
the Embo-TAE group were greater than those observed in 
the results reported in previous particle study (24).

The median OS in the Embo-TAE group was longer 
than that in the cTACE group (74.0 weeks, 95% CI: 68.2-
79.8 vs. 61.7 weeks, 95% CI: 56.2-67.2) (unadjusted P=0.045, 
Figure 2). Embo-TAE reduced the risk of death in patients 
with GIST with liver metastases according to the Cox 
proportional hazards regression model (HR: 0.149; 95% 
CI: 0.064-0.475). But the assumption made of OS statistical 

Figure 4 Two nodular GIST metastatic lesions from the stomach 
treated by cTACE. There is lipiodol accumulation in the tumor 
with no obvious enhancement observed indicating a CR in the 
liver. GIST, gastrointestinal stromal tumor; cTACE, conventional 
transcatheter arterial chemoembolization; CR, complete response.
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difference was not observed. The limitation was that this 
study included only a small number of patients; thus, 
conclusions regarding the efficacy of Embo-TAE vs. cTACE 
cannot be drawn. This is in line with results of previous 
studies (22-24) in which a statistically significant difference 
was only identified in radiologic rates of response. The role 
of particle TAE in the treatment remains to be defined.

The results of this study indicated that patients with 
early-stage (Child-Pugh class A or <50% liver involvement) 
or small-nodular tumors showed significantly higher 
OR rates in the Embo-TAE group. Thus, TAE with 
Embosphere® may be an effective treatment modality for 
GIST hepatic metastasis. 

Furthermore, all the cases enrolled in this study were 
patients with TKI therapy failure. Almost all cases had 
already entered into a late stage with a poor liver function 
reserve. As per experience from this study, a better early 
treatment response and control of disease progression 
following Embo-TAE may play a role in the survival benefit 
by delaying the deleterious effects of tumor progression. 
Previous studies have shown that the TACE/TAE was 
significantly better than the BSC control group. The 
difference in OS rates between the Embo-TAE and cTACE 
groups was statistically significant only in early-stage GIST 
(Child-Pugh class A or liver involvement within 50%) 
compared with late-stage GIST with hepatic metastasis 
(Child-Pugh class B and C, or liver involvement more than 
50%) (P=0.003 and 0.002, respectively). Therefore, patients 
in early stage survived longer after treatment with Embo-
TAE than with cTACE. At the same time, it can be assumed 
that patients with GIST liver metastasis should receive TAE 
or TACE as early as possible combined with TKI (imatinib/
sunitinib) therapy, just like the combination of sorafenib 
with TACE to treat the advanced HCC nowadays. Although 
I may have raised more questions than I’ve answered, I 
hope that I have at least provided a window into the “when 
to perform TACE” and “how to choose a TACE protocol 
(particles TAE vs. conventional bland embolization” 
debate. Would a randomized controlled trial of the “best” 
chemoembolization protocol be implementedin the future?
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