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Abstract: Objective: To assess the clinical safety and efficacy of Transhepatic Arterial Chemoembolizations (TACE) 
with lobaplatin-eluting microspheres in treating unresectable hepatocellular carcinoma (HCC). Materials and Meth-
ods: A total of 70 patients with unresectable hepatocellular carcinoma and preserved liver function, who were 
treated with TACE using lobaplatin-eluting microspheres (Group-LEM, as experimental group) or using lobaplatin-
lipiodol mixtures (Group-LLM, as control group), were evaluated retrospectively. Tumor response was determined 
with follow-up computed tomography after each chemoembolized procedure according to modified Response Evalu-
ation Criteria in Solid Tumors (mRECIST). The side effects and complications were evaluated by the National Cancer 
Institute Common Terminology Criteria for Adverse Events (CTCAE) v4.0. Results: A database of 70 patients with 
advanced HCC admitted to Guangdong General Hospital between January 2016 and October 2016 was evaluated 
retrospectively. Four weeks after TACE procedure, radiological evaluation of tumour response was available in all 
patients, According to mRECIST, disease control rate (DCR) and objective response rate (ORR) differed significantly 
between Group-LEM and Group-LLM (60.00% vs 31.43%, and 22.86% vs 2.86%). The most common adverse event 
was postembolization syndrome (PES), with 18 in Group-LEM and 24 in Group-LLM respectively. Liver dysfunc-
tion and thrombocytopenia also had significant difference through comparative analysis between Group-LEM and 
Group-LLM (8 vs 16, and 1 vs 8). There were neither periprocedural deaths nor adverse events (AEs) of grade 5 
documented in all patients. Conclusion: TACE with lobaplatin-eluting microspheres is a safe and feasible treatment 
without major adverse events in treating unresectable hepatocellular carcinoma. However, the long-term effects of 
this treatment need further observation.
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Introduction

As the fifth prevalent cancer, hepatocellular ca- 
rcinoma (HCC) has the third highest mortality 
rate worldwide [1, 2]. In 2012, it was estimated 
that there was a total of 782,000 new liver can-
cer cases, and approximately half of them were 
in China [3].

Because it takes time for HCC to show obvi- 
ous symptoms, over 80% of patients lose the 
chance of curative hepatectomy owning to lag-
ging diagnosis and poor prognosis [4]. Still, for 
patients who are diagnosed early enough, the- 

re is a chance that they are eventually deem- 
ed as not eligible for curative hepatectomy 
because of elements like the progression of 
HCC, vascular invasion, liver dysfunction. And 
even for patients who have successfully fin-
ished their hepatectomy, many of them would 
suffer from a wide variety of relapses of HCC  
[5, 6].

However, according to Barcelona Clinic Liver 
Cancer (BCLC) staging and management, en- 
dorsed by the American (American Associa- 
tion for the Study of Liver Diseases, AASLD)  
and European (European Association for the 
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Study of the Liver, EASL) guidelines for HCC 
management, transcatheter arterial chemoe- 
mbolisation (TACE) is recommended as a fir- 
st-line therapy for unresectable intermediate-
stage HCC (stage B), and evidence obtained 
from randomized controlled trials has confirm- 
ed its favorable effect on improving median 
survival [7, 8].

The conventional TACE technique uses emul-
sions, which are mixtures of lipiodols and ch- 
emotherapy drugs, as arterial embolisations 
[9]. Unfortunately, the process of emulsifica- 
tion is unstable and the components begin to 
separate as soon as they are injected into the 
hepatic arterial circulation so these embolisa-
tions fail to obtain the highest sustained con-
centration of drugs within the tumor [10].

Nowadays, the drug-eluting beads, which are 
loaded with chemotherapeutic agents, can de- 
liver directly into the tumor. Thus, it can achi- 
eves high intratumoral concentration and low 
plasma concentration, and becomes prevalent 
in clinical practice [11]. Among different kinds 
of microspheres, the superabsorbent polymer 
microspheres (HepaSphereTM: Biosphere Me- 
dical; Roissy CDG Cedex, France) have the abi- 
lity toload with several types of chemothera-
peutic agents, such as doxorubicin [12], cispla-
tin [13], oxaliplatin [14]. 

Similar with other antineoplastic drugs, lobapl-
atin, the third generation of platinum anti-tumor 
drug, also has a proven survival benefit in TA- 
CE [15]. But it is still uncertain about the clini-
cal efficacy when loading lobaplatin into drug-
eluting microspheres in proceeding TACE, while 

several clinical trials demonstrated that drug-
eluting beads, loading with cisplatin, oxaliplatin 
or doxorubicin [16], were feasible and effective 
embolic materials for unresectable advanced 
HCC [17, 18].

Therefore, we expect to investigate the clinical 
safety and efficacy of TACE with lobaplatin-
loaded microspheres in patients with unresect-
able HCC in this retrospective study. 

Materials and methods

Study population

All patients met the diagnostic criteria for HCC 
based on radiologic or histologic grounds ac- 
cording to the American Association for the 
Study of the Liver guidelines and were not suit-
able candidates for resection [8]. 

Patients with unresectable biopsy-proved HCC 
without extrahepatic metastases and vascular 
contraindications to chemoembolization (por-
tal vein thrombosis or arteriovenous shunt- 
ing) were evaluated for eligibility. The Barcelo- 
na Clinic Liver Cancer (BCLC) system was uti-
lized for staging (Table 1). 

TACE protocol

Grouping: (1) Group-LLM (lobaplatin-lipiodol 
mixtures): patients received TACE using a mix-
ture of 50 mg dry lobaplatin (Hainan Changan 
International Pharmaceutical Co., Ltd.; Hainan, 
China), iodised oil (Lipiodol: Laboratoire Guer- 
bet; Aulnay-Sous-Bois, France) and appropriate 
non-ionic contrast medium (Iodixanol Injection: 
GE Healthcare Ireland; Ireland). (2) Group-LEM 

Table 1. The criteria of inclusion and exclusion for HCC patients
The inclusion criteria were as follows: The exclusion criteria were as follows: 
BCLC stage B or C for HCC Extrahepatic metastasis
The Child-Pugh liver function class score ≤ 7; and the Eastern Co-
operative Oncology Group(ECOG) performance status score ≤ 1

Invasion in the main portal vein, vena cava, 
or other major vascular components

A life expectancy of 12 weeks or more Previous shunt surgery
Main tumor size > 5 cm and the target lesion has at least one 
diameter line available for measurement

Oover 80 years old

Has never received systemic treatment, such as oral molecularly 
targeted drugs or systemic chemotherapy

Advanced liver disease (Child-Pugh score > 7)

Has adequate hematologic function (defined as platelet count > 
6 × 109 platelets/L; hemoglobin > 90 g/L; and prothrombin time 
< 3 s above control); and adequate renal function (defined as 
serum creatinine ≤ 1.5 × the upper limit of normal) 

Cardiac ejection fraction < 35%
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(lobaplatin-eluting microspheres): TACEs in this 
group were performed with a 50 mg vial of 
HepaSphere (HepaSphereTM: Biosphere Medi- 
cal; Roissy CDG Cedex, France), which had a 
diameter ranging from 50 µm to 100 µm and 
was preloaded with 50 mg lobaplatin.

Preparation of lobaplatin-eluting microspher- 
es: (1) To get HepaSphere swollen at least 10  
minutes by mixing with 10 ml normalsaline, th- 
en remove the clear supernatant extract and 
remain the swollen particles, while the swollen 
particles were elastic and compressible but st-
ill held their spherical shape. (2) To dissolve 50 
mg lobaplatin in 5 ml non-ionic contrast medi-
um. (3) 30 minutes were allowed for the swol-
len particles to expand and absorb the lobap- 
latin sufficiently after got the former mixed wi- 
th the solution of lobaplatin.

Operation of TACE: All the TACE operations we- 
re performed by experienced interventional 
radiologists at our hospital according to a st- 
andard operation as previously described [9]. 

After TACE procedure, patients were required  
to be followed up according to our institutio- 
nal protocol every 4 weeks. Each follow-up se- 
ssion included a detailed history and physi- 
cal examination, Eastern Cooperative Oncolo- 
gy Group’s performance status classification 
(ECOG PS classification), Child-Pugh score ev- 
aluation, serum alpha fetoprotein (AFP), and  
an abdominal enhanced computed tomogra- 
phy (CT), or magnetic resonance imaging (MRI).

Efficacy evaluation

Four weeks after TACE, radiologic tumor res- 
ponse was evaluated using the modified Res- 
ponse Evaluation Criteria in Solid Tumors (mR- 
ECIST) [19]. However, the evaluation was clas- 
sified into four grades: I. complete response 
(CR), indicating disappearance of any intratu-
moral enhancement in all target lesions; II. par-
tial response (PR), indicating decrease of less 
than 30% in the sum of the greatest dimension 
of viable (ie, enhancing) target lesions; III. sta-
ble disease (SD), indicating not enough shrink-
age or increase to qualify as a partial respon- 

Figure 1. A. Before embolization, angiogram showed highly vascularized le-
sion of tumor in the right hepatic lobe. B. Confirmation of the main tumor 
artery. C. Injection of drug-eluting beads. D. After embolization, the tumor 
stain was completely disappeared.

After hepatic and superior 
mesenteric artery angiography 
to map liver vascular anatomy, 
check for arteriovenous sh- 
unts, and identification of arte-
rial tumor supply, feeding ar- 
teries were superselectively 
catheterized with the use of a 
2.7-Fr microcatheter (Progreat; 
TERUMO Corporation; Japan). 
Slow injection of the embolic 
materials followed until intra-
tumoral vascularity was oblit-
erated and slow flow was ob- 
served. Lesions supplied from 
extrahepatic arteries, includ-
ing the right and left inferior 
phrenic artery, intercostal ar- 
tery, internal thoracic artery or 
renal capsular artery, were 
allowed to be treated. The end 
point of the embolization was 
complete disappearance or a 
remarkable decrease of the 
tumor staining on a hepatic 
arteriogram (Figure 1).

Follow-up 
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se or as progressive disease; IV. progressive 
disease (PD), indicating an increase of more 
than 20% in the sum of the greatest dimen- 
sion of viable (ie, enhancing) target lesions. To 
assess the effects of treatment, we also eva- 
luated the DCR (disease control rate), which 
was calculated as (CR + PR + SD)/n, and the 
ORR (objective response rate), which was cal-
culated as (CR + PR)/n.

Safety evaluation

Safety was assessed through the analysis of 
vital signs, physical examinations, clinical and 
laboratory tests, and adverse events (AEs).  
The complications related to TACE were sum-
marized according to the Common Terminolo- 
gy Criteria for Adverse Events (CTCAE) version 
4.0. The AEs occurring within 6 weeks after 
TACE were considered as treatment relevant; 
whenever they occurred after 6 weeks, they 
were reported only if a causal correlation was 
suspected.

atictreatment, without another TACE or other 
locoregionaltreatment such as localablation. 

The end point of embolization of all liver lesi- 
ons was achieved after every TACE procedure 
and the technical success rate was 100%. 

Tumor response

Four weeks after TACE procedure, radiological 
evaluation of the tumor response was availa- 
ble in all patients. (Figure 2) DCR and ORR  
are shown in Table 3. In Group-LEM, the DCR is 
60.00% and the ORR is 22.86%, while in Gr- 
oup-LLM, the DCR is 31.43% and the ORR is 
2.86%. There are significant difference sinDCR 
and ORR between the two groups (P1 = 0.016 
and P2 = 0.028 respectively) (Table 3).

Safety

The complications and AEs related to TACE  
procedure were summarized in Table 4 acco- 

Table 2. Clinical and pathological characteristics of pa-
tients

Characteristic Group-LEM 
(n = 35)

Group-LLM 
(n = 35) P

Sex 0.734
    Men 29 (82.86%) 31 (88.57%)
    Women 6 (17.14%) 4 (11.43%)
Age, years 0.632
    < 55 18 (51.43%) 16 (45.17%)
    ≥ 55 17 (48.57%) 19 (54.83%)
Liver cirrhosis 0.461
    + 23 (65.71%) 20 (57.14%)
    - 12 (34.29%) 15 (42.86%)
Child-Pugh stage 0.808
    A 21 (60.00%) 20 (57.14%)
    B 14 (40.00%) 15 (42.86%)
ECOG score 0.434
    0 26 (74.29%) 23 (65.71%)
    1 9 (25.71%) 12 (34.29%)
Hepatitis B surface antigen 0.743
    + 30 (85.71%) 29 (82.86%)
    - 5 (14.29%) 6 (17.14%)
Alpha-fetoprotein (ng/mL) 0.743
    ≥ 200 P 29 (82.86%) 30 (85.71%)
    < 200 P 6 (17.14%) 5 (14.29%)
Main tumor size (cm) 0.382
    ≥ 5, ≤ 10 26 (74.29%) 29 (82.86%)
    > 10 9 (25.71%) 6 (17.14%)

Statistical analysis

X² and Fisher’s exact tests for catego- 
rical variables were used for group 
comparisons. A P value < 0.05 was 
considered statistically significant. All 
the statistical analyses were perfor- 
med by using IBM SPSS20 (SPSS St- 
atistics V20; IBM Corporation; Som- 
ers, N.Y., USA).

Results 

Patient characteristics 

A database of 70 patients, 35 in Gr- 
oup-LLM and 35 in Group-LEM resp- 
ectively, with advanced HCC admitted 
to Guangdong General Hospital from 
January 2016 to October 2016 was 
evaluated retrospectively. 

There were no statistically significant 
differences in the baseline characte- 
ristics of age, gender, Child-Pugh class, 
main tumor size, hepatitis B surface 
antigen and α-fetoprotein between the 
two groups (Table 2).

The overall median follow-up period 
after TACE procedure was 8 weeks. No 
patient was lost to follow-up. During 
the follow-up period, each patient just 
received palliative care and symptom-
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Table 3. DCR and ORR of groups
Group CR PR SD PD DCR (%) P1* ORR (%) P2**
Group-LEM (n = 35) 1 (2.86%) 7 (20.00%) 13 (37.14%) 14 (40.00%) 60.00 0.016 22.86 0.028
Group-LLM (n = 35) 0 (0.00%) 1 (2.86%) 10 (28.57%) 24 (68.57%) 31.43 2.86
*P1 means the P value from comparison of Group-LEM and Group-LLM in DCR. **P2 means the P value from comparison of Group-LEM and 
Group-LLM in ORR.

rding to the CTCAE version 4.0 criteria. There 
were no AEs of grade 5 in all patients. 

But approximately 64.29% of patients, 18 in 
Group-LEM and 24 in Group-LLM developed 
postembolization syndrome (PES) featuring fe- 
ver, nausea, vomit and abdominal pain, which 
was recorded as the most common adverse 
event in this study. And it required the admi- 
nistration of codeine and acetaminophen for 
control of pain and fever. There was signifi- 
cant difference in the occurrence of abdomi- 
nal pain after TACE between groups (P =  
0.039). The liver dysfunction and thrombocy- 

topenia also had significant difference throu- 
gh comparative analysis between Group-LEM 
and Group-LLM (Table 4).

There were no periprocedural death, hepatic 
abscess, biliary or vascular damage, alopecia 
or peripheral neurological symptoms occurred 
during the follow-up period. 

Discussion

As the standard treatment for patients with 
HCC in the BCLC intermediate stage, transca- 
theter arterial chemoembolisation (TACE) is 
also used in early-stage HCC patients, who are 

Figure 2. A. CT before TACE: highly intratumoral enhancement lesion in the right hepatic lobe. B. CT after TACE: 
disappearance of any intratumoral enhancement in target lesion.

Table 4. Complications and AEs related to TACE procedure

Complications
Group-LEM (n = 35) Group-LLM (n = 35) p value 

N1 vs N2Grade 1-2 Grade 3-4 N1* Grade 1-2 Grade 3-4 N2**
Abdominal pain 15 1 16 (45.71%) 23 5 28 (80.00%) 0.039
Vomit 6 0 6 (17.14%) 9 0 9 (25.71%) 0.382
Nausea 11 0 11 (31.43%) 13 0 13 (37.14%) 0.615
Fever 16 1 17 (48.57%) 19 0 19 (54.29%) 0.632
Liver dysfunction 7 1 8 (22.86%) 13 3 16 (45.71%) 0.044
Renal failure 1 0 1 (2.86%) 3 0 3 (8.57%) 0.614
Thrombocytopenia 1 0 1 (2.86%) 8 0 8 (22.86%) 0.028
Anemia 1 0 1 (2.86%) 0 0 0 (0.00%) 1
Leukopenia 1 0 1 (2.86%) 1 0 1 (2.86%) 1
*N1 means the summation of AEs (Grade 1-4) in Group-LEM. **N2 means the summation of AEs (Grade 1-4) in Group-LLM.  
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excluded from potentially curative treatment  
[7, 8]. However, owing to the lack of standardi-
sation of the procedure and escape of the ch-
emotherapeutic agent from the treated porti- 
on of liver, the conventional TACE, which uses 
emulsions mixing with lipiodols and chemoth- 
erapy drugs as arterial embolisations, fails to 
obtain the optimal sustained concentration of 
drugs within the tumor. 

So, based on this condition, the drug-eluting 
beads, which can deliver directly into the tumor 
with its loaded chemotherapeutic agents, are 
getting more and more clinical significance. 
One option among these drug-eluting beads  
is HepaSphere, which is a nonbiodegradable, 
spherical, dry particle made of a sodium acry-
late and vinyl alcohol copolymer with a particle 
size that can be calibrated in increments of 
approximately 50 µm between 50 µm and 200 
µm. HepaSphere swells within several minutes 
after being immerged into fluid, and the swol- 
len particles are elastic and compressible but 
maintain their spherical shape [13, 20]. We 
could summary form a series of studies that it 
is a feasible and effective treatment for unre-
sectable HCC when using HepaSphere, loading 
with epirubicin hydrochloride, oxaliplatin or oth- 
er antineoplastic drugs, as embolisations in 
TACE [14, 21]. 

It should also be noted that there is no stan-
dardized usage of chemotherapy drugs in TA- 
CE, so there are a good list of alternatives, 
including epirubicin hydrochloride, mitomycin, 
hydroxycamptothecine, 5-fluorouracil, platinum 
chemotherapy drugs [22]. One of these drugs  
is lobaplatin (D-19466; 1,2-diammino-methyl-
cyclobutaneplatium (II)-lactate), which is the 
third generation of platinum anti-tumor drug 
[23]. It can obstruct the process of DNA repli- 
cation and transcription by affecting the for-
mation of DNA-drug adducts, mainly as GG  
and AG intra-strand cross-links [24]. Moreov- 
er, lobaplatin shows its antitumour activity by 
arresting cell cycle progression in G1 and G2 
/M phases time-dependently which might be 
associated with the down-regulation of cyclin  
B, CDK1, CDC25C, phosphorylated CDK1 (pC- 
DK1), pCDK4, Rb, E2F, and pRb, and the up-
regulation of p53, p21, and p27 [25, 26]. 

When lobaplatin is applied in TACE for hepatic 
carcinoma, it shows higher efficiency, longer 
survival, better water-solubility and lower toxic-
ity compared with other chemotherapy drugs 

[15]. The adverse reactions of lobaplatin we- 
re mostly reported in the intravenous clinical 
application, and the commonest adverse reac-
tion was the dose-limiting toxicity of thrombo- 
cytopenia. Meanwhile, reactions of digestive 
system (including nausea, vomiting and blo- 
ating), renal toxicity and neurotoxicity had al- 
so been reported [24, 26].

In this study, 70 patients with advanced HCC 
were evaluated retrospectively after perform-
ing TACE with lobaplatin-loaded microspheres, 
while lobaplatin was loaded into drug-eluting 
beads for clinical use for the first time. Accord- 
ing to the results, there were neither AEs of 
grade 5 in all patients nor cases of hepatic 
abscess, biliary or vascular damage, alopecia 
or peripheral neurological symptoms, indicat-
ing that it was a feasible treatment when lo- 
baplatin was applied in TACE. 

Moreover, as shown in Table 3, DCR and ORR 
differed significantly between the two groups, 
suggesting that using lobaplatin-loaded micro-
spheres in TACE can get better clinical effica- 
cy. This phenomenon is in line with what was 
reported by Song using drug-eluting beads. 
These authors also reported a better response 
using drug-eluting beads in intermediate-stage 
HCC, suggesting that this technique could facil-
itate treatment of larger lesions [27]. One of the 
reasons for this may be that drug-eluting beads 
in TACE increases the concentration of antican-
cer drugs and prolongs the dwelling time of the 
drugs in tumor cells, thereby enhancing the 
effects of cytotoxic anticancer drugs [11]. 
Another factor contributing to the good local 
response may be the higher flexibility of 
HepaSphere compared with other embolic 
agents, which allows deeper penetration into 
the tumor microvasculature and achieves more 
tumor necrosis.

In literature, postembolization syndrome (PES) 
was reported to occur in 60-80% of patients 
undergoing TACE in general, regardless of the 
diversity in the range and degree of emboliza-
tion and type of embolic material used [21]. 
Similarly, the commonest adverse event was 
PES featuring fever, nausea, vomit and abdo- 
minal pain, occurring in approximately 64.29% 
of study subjects in our research. And we can 
conclude from Table 4 that lobaplatin-loaded 
microspheres cause less periprocedural pain 
after TACE and a lower rate of liver function 
impairment or thrombocytopenia as compar- 
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ed with control group. Therefore the liver func-
tion and general condition of patients can be 
maintained. And similar results can be found  
in previous studies [28]. 

Another advantage of HepaSphere lies in that  
it can release the chemotherapeutic agents 
slowly into neoplastic tissue so that it can get 
longer retention of the drugs within the tumor 
and lower systemic concentration of the drugs 
[11].

There are several limitations in this study: (1) 
Because of the strict eligibility criteria, the sa- 
mple size was not very large. The findings mi- 
ght be more definitive if a larger number of 
cases were included. (2) As a single-center 
analysis. The results may not be generalizable 
to patients with HCC in other countries. (3) 
Longer follow-up time should have been given 
to perform survivalanalysis to getthe factors 
which couldaffectprognosis. (4) Interrelated st- 
atistics about lobaplatin pharmacokinetics af- 
ter TACE, such as concentration versus time 
curves, the peak drug concentrations should 
be further clarified.

In conclusion, TACE with lobaplatin-eluting mi- 
crospheres is a safe and feasible treatment 
without major adverse events in treating unre-
sectable hepatocellular carcinoma. However, 
long-term effects of this treatment need fur- 
ther observation, so a randomized, controlled 
and prospective multi-center study with a lar- 
ger sample size is necessary.
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