
131I-labeled metuximab combined with chemoembolization 
for unresectable hepatocellular carcinoma

Qing He, Wu-Sheng Lu, Yang Liu, Yong-Song Guan, An-Ren Kuang

Qing He, Yong-Song Guan, Oncology Department, West China 
Hospital of Sichuan University, Chengdu 610041, Sichuan Prov-
ince, China
Wu-Sheng Lu, Department of Vascular Surgery, West China 
Hospital of Sichuan University, Chengdu 610041, Sichuan Prov-
ince, China
Yang Liu, Department of Psychiatry, West China Hospital of Si-
chuan University, Chengdu 610041, Sichuan Province, China
An-Ren Kuang, Department of Nuclear Medicine, West China 
Hospital of Sichuan University, Chengdu 610041, Sichuan Prov-
ince, China
Author contributions: He Q and Kuang AR conceived and de-
signed the study, and prepared the manuscript; Lu WS, Guan YS 
and Liu Y acquired and analyzed the data.
Correspondence to: Dr. An-Ren Kuang, Department of Nucle-
ar Medicine, West China Hospital of Sichuan University, No. 37, 
Guo Xue Xiang, Chengdu 610041, Sichuan Province, 
China. kuanganren@263.net
Telephone: +86-28-85423270  Fax: +86-28-85423278 
Received: September 4, 2013     Revised: October 8, 2013 
Accepted: November 2, 2013
Published online: December 21, 2013

Abstract
AIM: To investigate the safety and effectiveness of 
combined 131I-metuximab and transcatheter arterial 
chemoembolization (TACE) for hepatocellular carcinoma 
(HCC).

METHODS: One hundred and eighty-five patients (159 
men and 26 women) with advanced HCC were enrolled 
in this study from February 2009 to July 2011. There 
were 95 patients in the combined metuximab and TACE 
group, and 90 patients in the TACE only group. The 
patients were followed for 12 mo. Clinical symptoms, 
blood cell counts, Karnofsky Performance Score (KPS) 
evaluation and therapeutic effects according to the 
Response Evaluation Criteria in Solid Tumors were re-
corded and evaluated.

RESULTS: The 1-mo effective rates (complete re-

sponse + partial response + stable disease) of the test 
group and control group were 71.23% and 38.89%, 
respectively (P  < 0.001). The 6-, 9- and 12-mo survival 
rates were 86.42%, 74.07% and 60.49% for the test 
group and 60.0%, 42.22% and 34.44% for the control 
group (P  < 0.001). The incidence of adverse events 
(gastrointestinal symptoms, fever and pain) and blood 
cell toxicity were significantly higher for the test group 
than for the control group (P  < 0.001). No severe 131I-
metuximab-related complications were identified. With 
respect to efficacy, patients in the test group had great-
er improvement in tumor-related pain (P  = 0.014) and 
increase in KPS (P  < 0.001) than those in the control 
group.

CONCLUSION: Combination of 131I-metuximab and 
TACE prolonged the survival time in patients with HCC 
compared with TACE alone. The combination treatment 
was safe and effective.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: 131I-metuximab has high affinity with a target 
antigen highly expressed on hepatocellular carcinoma 
(HCC) cells and a limited area of action. The combina-
tion of metuximab and transcatheter arterial chemoem-
bolization had a synergistic effect in the treatment of 
HCC. It may represent a promising treatment modality 
for patients with advanced HCC, especially for those 
patients with multiple nodules who have a heavy tumor 
burden.
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INTRODUCTION
Hepatocellular carcinoma (HCC) has traditionally been 
regarded as a radioresistant tumor because external beam 
radiation does great harm to the surrounding normal 
tissue. On the contrary, since the 1980s, radioimmuno-
therapy has become a promising treatment modality for 
HCC, due to the specificity of  the antibodies and the kill-
ing power of  the radionuclides, resulting in improvement 
of  clinical efficacy with fewer side effects.

A therapeutic anti-HCC radioimmunological agent, 
131I-metuximab, generated by 131I labeling of  the murine 
monoclonal antibody (mAb) fragment HAb18 F(ab’)2 
derived from HAb18G/CD147, has been approved for 
the treatment of  primary HCC by the China State Food 
and Drug Administration (Registration No. S20050039).

Transcatheter arterial chemoembolization (TACE) 
is currently one of  the widely used treatment modali-
ties for unresectable advanced HCC. However, the long-
term survival rate of  such patients remains low, with a 
reported 5-year survival rate of  17%[1]. Although 131I-
metuximab monotherapy has been shown to be effective, 
both in the treatment of  HCC and in the prevention of  
HCC recurrence after orthotopic liver transplantation[2], 
its efficacy in combination with other established treat-
ment modalities such as TACE has seldom been tested. 
Theoretically, the TACE can enhance the antitumor ef-
fects of  131I-metuximab, because of  substantially reduced 
blood flow to the tumor that prolongs retention of  131I-
metuximab in the tumor tissues. Radioimmunotherapy 
combined with TACE may provide a new concept in 
radiotherapy for patients with HCC.

In this study, the safety and efficacy of  131I-metuximab 
in combination with TACE were evaluated in patients 
with advanced HCC to demonstrate that the combina-
tion of  131I-metuximab with TACE could produce better 
results than TACE alone.

MATERIALS AND METHODS
131I-metuximab injection
131I-metuximab injection (Licartin; Chengdu Hoist Hi-
tech Co. Ltd., Chengdu, China) is an 131I-labeled HAb18 
F(ab’)2 fragment of  murine mAb against the HCC-
associated antigen HAb18G/CD147. Before metuximab 
therapy, 0.5 mL of  iodine solution should be taken orally 
tid for 3 d and continued for 7 d after treatment for thy-
roid protection. A vial of  131I-metuximab injection solu-
tion that had been prepared at the standard dose of  0.75 
mCi/kg was removed from a lead box containing ice at 
a temperature of  0 ℃. The thawed solution was diluted 
with 1 mL of  saline and sucked into a 5-mL syringe for 
arterial injection.

Patient cohort
One hundred and eighty-five patients (159 men and 26 
women, aged 12-87 years) with advanced unresectable 
HCC were enrolled in this study from February 2009 to 
July 2011. Patients with a Karnofsky Performance Score 
(KPS) < 60 or severe heart, kidney of  hematological 
disease were excluded to ensure at least a 3-mo lifespan 
in the enrolled patients, so as to have enough time for 
follow-up. Patients with a history of  allergy to biological 
products, pregnant or breast-feeding women, or patients 
receiving other therapies within 4 wk of  the clinical trial 
were also excluded. All patients in our study gave written 
informed consent. Patients in the test group underwent 
131I-metuximab therapy and TACE while those in the 
control group received TACE only. The patients received 
local ethanol injection, microwave coagulation, resection 
or liver transplantation before and after TACE or 131I-
metuximab therapy if  needed. All tumors were diagnosed 
according to pathological examination or distinctive find-
ings on computed tomography (CT), conventional angi-
ography, magnetic resonance imaging (MRI), or serum 
tumor markers [α-fetoprotein (AFP)].

Procedure of TACE and 131I-metuximab intra-arterial 
injection
TACE and 131I-metuximab injection were performed 
through the femoral artery using the Seldinger technique 
with local anesthesia. Arteriography of  the celiac trunk 
and superior mesenteric artery was performed to visual-
ize the arterial vascularization of  the liver and evaluate 
portal vein patency, and anticancer drugs were injected. 
The angiographic catheter was superselected into the 
hepatic artery where the target tumor was located. An 
embolic agent (mainly Lipiodol) was continuously inject-
ing through the artery until the rate of  blood flow to 
the tumor mass fell below 25%, or minimal hepatic vein 
appeared to protect the liver tissues around the tumor 
so that Licartin is more liable to stay in tumor tissues 
by minimizing the effect of  quick or slow blood flow. 
Patients in the test group underwent 131I-metuximab 
therapy immediately after TACE. At each injection, 131I-
metuximab was administered at a dose of  0.75 mCi/kg 
according to the patient’s weight and the intra-arterial 
injection usually lasted 1-2 min. Patients in the control 
group received TACE only. In both groups, the dose of  
Lipiodol, ranging from 3-20 mL, was determined accord-
ing to the size and number of  tumors and functional 
hepatic reserve. Anticancer drugs for each patient en-
rolled in this trial were 5-fluorouracil (800-1000 mg) and 
epirubicin-adriamycin (30-40 mg) according to the body 
surface area. Therapy for patients in both groups was 
repeated according to the patient’s clinical condition and 
the iconography exams at a 1-6-mo interval.

Follow-up protocol and efficiency evaluation
Clinical symptoms, blood cell counts and KPS evaluation 
were recorded before and after treatment. After treat-
ment, ultrasound, CT scan or MRI was performed every 
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1-3 mo, with or without contrast enhancement, to evalu-
ate the features of  Lipiodol deposit and the therapeutic 
effect according to the Response Evaluation Criteria in 
Solid Tumors (RECIST). If  elevated tumor marker (AFP), 
diminished Lipiodol, enlarged lesions or new nodules 
were observed, the patients were readmitted for angiogra-
phy and treatment. The starting point of  survival analysis 
was regulated as the day of  initial treatment. The Kaplan-
Meier method was used to analyze the survival rates in 
the two groups.

Statistical analysis
The primary endpoint of  this study was overall survival 
and the secondary endpoint was short-term (1 mo) treat-
ment response. Survival analysis was estimated by the 
Kaplan-Meier method. Survival probabilities were esti-
mated using the life-table method, and between-group 
differences in survival rates were compared using the log-
rank test. All statistical analyses were carried out with 
SPSS version 17.0 (SPSS, Chicago, IL, United States). All 
reported P values were two-sided, with P < 0.05 consid-
ered statistically significant.

RESULTS
Patient population
The patients were divided into the test group (n = 95) 
with a mean age of  50.2 years (range: 22-80 years) and 
the control group (n = 90) with a mean age of  51.4 years 
(range: 12-87 years). All the patients in this trial were clas-
sified as Barcelona Clinic Liver Cancer Stage C. Both the 
test group and control group had a high percentage of  
patients (89.47% and 85.56%, respectively) with a tumor/
liver volume ratio > 50%. Thus, the patients enrolled in 
this clinical trial had advanced HCC. Although this was a 
nonrandomized prospective cohort study, no significant 
difference was observed in baseline characteristics be-
tween the two groups (Table 1).

The patients were followed for 12 mo. At the time of  
analysis, 46 and 80 patients had died while 14 and zero 
were lost to follow-up in the test and control groups, re-
spectively. Causes of  death in the test and control groups 
included tumor progression in 46 and 72 patients, diges-
tive tract hemorrhage in zero and four, tumor rupture 
in zero and one, acute renal failure in zero and one, and 
other causes in zero and two, respectively; none was pos-
sibly related to treatment.

Two hundred and forty-one (mean: 2.56 proce-
dures) and 261 (mean: 2.90 procedures) procedures of  
interventional therapy were performed in the test and 
control groups, respectively. Arterial portal vein shunt 
(AVS), arterial hepatic vein shunt (APS) and/or portal 
vein involvement, which indicate high invasion and 
poor prognosis were found in 35.79% (34/95) of  pa-
tients in the test group and 33.3% (30/90) of  patients 
in the control group. No difference was observed in the 
time of  therapy and the incidence of  malignancy signs 
such as AVS, APS or portal vein involvement between 
the two groups.

Safety
The clinical symptoms were carefully recorded after 
treatment (Table 2). Overall, although 131I-metuximab in 
combination with TACE was well tolerated, the patients 
in the test group obviously suffered more frequent ad-
verse events than those in the control group. The most 
frequent adverse event in the test group was abdominal 
pain. Of  the 95 patients in the test group, 93 (97.89%) 
suffered from abdominal pain, 90 (94.74%) had fever 
of  37.2 ℃-40 ℃, which usually occurred 0.5-10 h after 
131I-metuximab injection and lasted for 1-14 d, and 74 
(77.89%) had anorexia and/or vomiting, which often 
faded away in several days. The corresponding numbers 
of  patients in the control group were 19 (21.11%), 28 
(31.11%) and 16 (17.78%) (P < 0.001). The changes in 
blood cell count and liver function before and 1 mo after 
treatment were evaluated. Statistical analysis showed that 
the changes in leukocytes and platelets were significant. 
Changes in total bilirubin, albumin, aspartate aminotrans-
ferase, alanine transaminase and hemoglobin were not 
significant (Table 3).

One patient in the test group had hypothyroidism 
and was prescribed oral thyroxin, and one sudden death 
occurred in the control group, possibly because of  liver 
rupture. No human anti-murine antibody immune re-
sponses, anaphylactic reaction and changes in myocardial 
zymograms were observed.
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  Characteristics Test group Control group Statistical 

(n  = 95) (n  = 90) analysis
  Age (yr) 50.2 (22-80) 51.4 (12-87) NS
  Sex (M/F) 83/12 76/14 NS
  Child–Pugh classification NS
     Child class A 91 88
     Child class B   4   2
  BCLC stage NS
     C 95 90
  Size of main tumors   
     ≥ 5 cm 80 81 NS
     < 5 cm 15   9 NS
  Tumor/liver volume ratio
     0%–50% 10 13 NS
     ≥ 50% 85 77 NS
     Hepatitis B/C 70 76 NS
     KPS 75.16 ± 7.42 73.89 ± 11.39 NS

Table 1  Baseline characteristics

BCLC: Barcelona clinic liver cancer; KPS: Karnofsky performance status; 
NS: Not significant.

  Group Fever1 Gastrointestinal1 Pain1 Sudden death

symptoms
  Test group 90 (94.74) 74 (77.89) 93 (97.89)        0
  Control group 28 (31.11) 16 (17.78) 19 (21.11) 1 (1.11)

Table 2  Clinical symptoms immediately after treatment  n  (%)

1P < 0.001.
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small in size[7-9]. Another limitation of  TACE is the need 
for repeated treatment, thus resulting in deterioration of  
liver function[10]. Therefore, many efforts have been made 
to explore other new therapies in order to achieve better 
efficacy. Percutaneous ethanol injection, radiofrequency 
ablation, targeted molecular therapies, and gene therapy 
in combination with TACE have been found to improve 
survival in patients with advanced HCC[11-13] and decrease 
the risk of  liver failure[14-16]. However, in spite of  all the 
above, advanced HCC with wide metastasis, especially 
in patients with multiple lesions who always have a high 
tumor/liver volume ratio, still has a poor prognosis and 
lack of  efficient therapeutic modalities.

The target antigen for 131I-metuximab, HAb18G/
CD147, a member of  the CD147 family, is highly ex-
pressed on HCC cells. The binding rate of  HAb18 to hu-
man 7721 hepatoma cells, determined by flow cytometry, 
is up to 99.55%[17,18]. Immunohistochemistry performed 
with HAb18 showed that the positive rate of  HCC 
staining was 75% and had no cross-reaction to normal 
tissues[17,19]. Moreover, the results of  drug safety studies 
showed that 131I-metuximab injection caused no impair-
ment to cardiovascular, respiratory, or nervous systems[2].

The mechanism by which 131I-metuximab may benefit 
patients with HCC has been investigated both in vitro and 
in vivo, as well as in clinical trials[2,17,20]. 131I-metuximab is 
specific to and has high affinity for a target antigen highly 
expressed on HCC cells. This allows for concentration 
of  conjugated 131I in HCC tissues, both in the liver and 
metastatic nodules, which kills tumor cells directly. In ad-
dition, the target antigen, HAb18G/CD147, is a cell ad-
hesion molecule with multiple functions and is closely re-
lated to tumor metastasis. This antigen is involved in the 
adhesion and motion of  tumor cells, angiogenesis, and 
signal transduction and can induce fibroblasts to produce 
matrix metalloproteinases (MMPs), including MMP-1, 
MMP-2, and MMP-9. These MMPs can degrade the ex-

Efficacy
The palliative rate of  mass-associated pain 1 mo after 
treatment was 71.1% (27/38) for patients in the test 
group, which was higher than that in the control group 
(31.6%, 24/76) (P = 0.014). For changes in KPS, the pa-
tients in the test group had a greater increase than those 
in the control group (P < 0.001, Table 3). The therapeutic 
effect was evaluated following the RECIST after treat-
ment. Rates of  complete response (CR), partial response 
(PR), stable disease (SD) and progressive disease in the 
two groups are listed in Table 4. The total effective rates 
(CR + PR + SD) were 71.23% and 38.89% for the test 
group and control group, respectively. Wilcoxon rank 
sum test showed that the therapeutic effects in the two 
groups were significantly different (P < 0.001). The sur-
vival rates at 6, 9 and 12 mo after treatment were 86.42%, 
74.07% and 60.49% in the test group, and 60.0%, 42.22% 
and 34.44% in the control group, suggesting that the 
survival rates for the test group were significantly higher 
than for the control group (P < 0.001, Figure 1).

DISCUSSION
HCC is a highly malignant tumor with high morbidity and 
mortality rates. Although TACE, as a palliative treatment 
for unresectable HCC, has become one of  the most com-
mon interventional therapies[3-6], its effect is limited due 
to the lack of  appropriate and reliable embolic agents, 
and the infiltrative or hypovascular nature, too large or 

  Group Test group Control group P  value

  Leukocytes –1.25 ± 1.79     2.04 ± 11.51      0.0270
  Platelets –36.69 ± 49.62   12.74 ± 52.59 < 0.001
  TB       1.7        0.95    0.860
  Alb –0.86 ± 6.89 –1.30 ± 5.36      0.6708
  AST       5        7.5    0.631
  ALT     –1        0      0.5137
  HGB   –5.86 ± 16.42   –7.98 ± 20.26    0.515
  KPS < 0.001
  Mass-associated pain    0.014

Table 3  Changes in blood cells and liver function before and 
1 mo after treatment 

Total bilirubin (TB), Aspertate aminotransferase (AST), Glutamic-pyruvic 
transaminase (ALT), Karnofsky and pain (Wilcoxon rank sum test); others 
(t test). Alb: Albumin; HGB: Hemoglobin; KPS: Karnofsky performance 
score.

  Group CR PR SD PD Effective rate 
(CR + PR + SD)

  Test group 4 (4.11) 38 (39.73) 26 (27.40) 27 (28.77) 68 (71.23)
  Control 
  group

1 (1.11) 14 (15.56) 20 (22.22) 55 (61.11) 35 (38.89)

Table 4  Therapeutic effect evaluated according to Response 
Evaluation Criteria in Solid Tumors at 1 mo after treatment  
n  (%)

P < 0.001. CR: Complete response; PR: Partial response; SD: Stable disease; 
PD: Progressive disease.
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Figure 1  Kaplan-Meier curves of survival of patients in the test group 
receiving combination therapy (Licartin) and those in the control group 
receiving transcatheter arterial chemoembolization only (P < 0.001). TACE: 
Transcatheter arterial chemoembolization.
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tracellular matrix and promote the metastasis of  HCC 
cells. Injection of  131I-metuximab into HCC cells inhibits 
oncogenesis and metastasis within and outside the liver, 
blocking and destroying cells carrying HAb18G/CD147 
and inhibiting HCC metastasis[1].

The combination of  131I-metuximab and TACE 
ought to have a synergistic effect in the treatment of  
HCC. First, TACE may enhance the efficacy of  131I-
metuximab due to its arterial embolization effect, sub-
stantially reducing blood flow to the HCC and resulting 
in prolonged retention of  131I-metuximab in the tumor. 
Second, retention of  the anticancer drug in the tumor 
may have a radiosensitizing effect on 131I-metuximab. 
Third, 131I-metuximab can eliminate residual cancer cells 
after TACE for its continuous radiation. Taken together, 
these mechanisms may explain, at least in part, the ability 
of  combination therapy to enhance survival, compared 
with conventional TACE alone, in patients with advanced 
HCC. Of  course, they are the reasons why the test group 
suffered more blood cell toxicity and adverse events.

In the present study, the results for the control group 
were similar to those of  earlier trials of  TACE in patients 
with HCC. In those studies, the tumor response rate ac-
cording to WHO criteria ranged from 12%-57.9%[1,21-23], 
median survival ranged from 7-19 mo (mean: 13.63 ± 
6.10 mo), and 1- and 2-year survival rates ranged from 
42%-72% (mean: 58.30 ± 10.14%) and from 0%-55% 
(mean: 28.74% ± 15.88%), respectively[24-28]. Moreover, 
treatment of  patients with HCC with 131I-metuximab 
alone resulted in 6-mo and 12-mo survival rates of  
82.63% and 58.68%, respectively, with a median survival 
time of  19 mo and an objective response rate (CR + 
PR) of  15.53% according to World Health Organization 
(WHO) criteria[1]. In comparison, patients receiving com-
bination therapy in our study showed 6- and 12-mo sur-
vival rates of  86.42% and 60.49%, respectively; a median 
survival time of  20.0 mo; and an objective response rates 
of  43.84% according to WHO criteria. All of  these stud-
ies were performed in patients staged as Child-Pugh class 
A/B, and their baseline characteristics were similar to 
those of  our patients, therefore, it can be suggested that 
the combination of  131I-metuximab and TACE tested 
here exhibited better clinical efficacy than either treat-
ment alone.

Given the high level of  expression of  the high-affin-
ity target antigen on HCC cells and the limited area of  
action of  131I-metuximab, we thought we would observe 
more advantages in our clinical trial because most of  the 
enrolled patients had multiple nodules and a high tumor/
liver volume ratio. And we did find that the median sur-
vival of  patients in the test group was significantly longer 
than that in the control group (20.0 mo vs 7.0 mo). This 
improvement was more marked than that in two similar 
earlier trials (21.15 mo vs 17.73 mo and 26.7 mo vs 20.6 
mo). The most notable difference between the present 
and previous studies is that our patients had more ad-
vanced HCC and a greater tumor burden (tumor/liver 
volume ratio ≥ 50%; 87.56% vs < 29%)[29,30].

It is commonly accepted that HCC patients with 
countable nodules often have more treatment choices, 
better treatment efficacy, and longer lifespan than those 
with countless nodules. Our clinical trial proved that 131I-
metuximab combined with TACE had an extensive range 
of  therapeutic function, especially for advanced liver can-
cer with wide metastasis and multiple lesions. The combi-
nation of  131I-metuximab and TACE may greatly improve 
the treatment efficacy in these patients and extend their 
poor life expectancy.

The present study had several limitations. First, the 
relatively short follow-up period may have resulted in 
underestimation of  survival. Second, most patients were 
treated with combination therapy only once, a few twice 
and followed by TACE again. Repeated combination 
therapy may have a more significant effect on survival. 
Third, the effects of  Chinese traditional medicine, which 
the patients used when discharged from the hospital, 
were uncertain. These were hard to control and might 
have affected the final results.

In conclusion, our findings indicate that combination 
of  131I-metuximab and TACE was safe and more effec-
tive than TACE alone. It may represent a promising treat-
ment modality for patients with advanced HCC. Never-
theless, caution should be exercised, and a few questions 
remain. What is the best method for delivering 131I-
metuximab with the TACE procedure? Does the 25% be 
the best point to administer Licartin? Whether and how 
much could the Licartin injected into the hepatic artery 
concentrate in the metastasis outside the liver? All these 
questions require well-designed, prospective randomized 
controlled trials.
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