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Abstract. Hepatocellular carcinoma (HCC) has more 
recently become a leading cause of cancer‑associated 
mortality worldwide. Particularly at an advanced stage, 
the prognosis is generally poor due to lack of effective 
treatments. Transarterial chemoembolization (TACE) is 
now a recognized therapy for advanced HCC, serving to 
deprive tumors of feeder arteries through induced ischemic 
necrosis. However, there is also a potential for undesired 
circulatory toxicity owing to drug ref lux from tumor 
artery to surrounding healthy tissues. Although effective 
chemotherapeutic drug concentrations are thus lowered, the 
side effects of systemic chemotherapy are aggravated. The 
mid‑2000 emergence of drug‑eluting beads (DEB) loaded 
with anti‑neoplastic drugs has proven particularly advanta-
geous, enabling localized treatment and directed delivery 
of chemotherapeutics. DEB‑TACE (dTACE) augments local 
infusion of anti‑neoplastic agents to prolong agent/tumor 
contact, expanding upon conventional TACE. At present, 
data on DEB use in China are limited, particularly in terms of 
proprietary microspheres (CalliSpheres; Hengrui Medicine 
Co.). To explore the efficacy and safety of CalliSpheres, 
A total of 90 patients receiving this means of dTACE for 
advanced HCC were assessed in the present study. Clinical 
efficacy was evaluated based on tumor response and overall 
survival rates using the National Cancer Institute Common 

Terminology Criteria for Adverse Events to assess tolerability. 
The satisfactory tumor response and acceptable tolerability 
demonstrated in the follow‑up confirm the promising utility 
of CalliSpheres in treating patients with advanced HCC. 

Introduction 

Hepatocellular carcinoma (HCC) is a common human cancer 
type and one of the leading causes of cancer‑associated 
mortality worldwide  (1,2). The poor prognosis of HCC is 
largely attributable to a lack of effective therapeutic options (3). 
Most patients with HCC are diagnosed at advanced stages, 
precluding effective surgical treatment. As a result, the 5‑year 
survival rate in patients with intra‑ or extrahepatic metastasis 
is <5% (4,5). 

Transarterial chemoembolization (TACE) is now a 
recognized therapeutic method for advanced HCC (6), typi-
cally involving transarterial chemotherapeutic injection 
in an ethiodized oil emulsion. This allows for selective, 
high‑concentration delivery of chemotherapeutic drugs to 
mass lesions while embolizing feeder arteries, combining 
potent cytotoxic effects with ischemia (7‑11). Although such 
localized hepatic arterial‑directed therapy avoids embolic 
damage to uninvolved perimeters, a potential for agent back-
flow into the general circulation remains, and the duration 
of chemotherapeutic action is brief. Ultimately, conventional 
TACE (cTACE) confers a marginal survival benefit at the cost 
of systematic toxicity (12).

Having emerged in mid‑2000, drug‑eluting beads (DEB; 
bearing anti‑neoplastic drugs) for TACE (dTACE) have the 
capacity for localized and directed chemotherapy  (13,14). 
Compared with cTACE, their delayed post‑embolization 
release yields more sustained and tumor‑selective drug 
delivery, in conjunction with enduring embolization  (15). 
This approach lowers the drug concentration in the bodily 
circulation, thereby mitigating systemic effects. The resulting 
outcomes in patients with HCC are encouraging. Prospective 
phase 2 and 3 trials of DEB loaded with doxorubicin have 
generated acceptable safety and efficacy profiles with respect 
to advanced HCC (16,17). In a phase 3 study, dTACE was 
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indicated to enhance the tumor response, improve tolerability 
and reduce liver toxicity as compared to lipiodol‑based 
cTACE (16,18). 

At present, available data on the use of DEB in China are 
limited, despite the approval of the proprietary microsphere 
beads used in the present study [CalliSpheres (CB); Hengrui 
Medicine Co.] in 2016. Although previous toxicology and 
pharmacokinetic studies have demonstrated the impressive 
biological safety and durability of CB (18,19), few reports 
have researched their effects in a clinical setting  (20,21). 
The present analysis was performed to address the efficacy, 
safety and overall survival (OS) benefits of CB in patients with 
advanced HCC (stage B or C), as defined by the Barcelona 
Clinic Liver Cancer (BCLC) criteria (22).

Patients and methods

Patients. A total 90  patients with advanced HCC were 
assessed, each receiving dTACE between August 2016 and 
December 2017 at the First Affiliated Hospital of Shandong 
First Medical University (Shandong,  China). The clinical 
characteristics of the cohort are listed in Table I. Follow‑up 
was achieved through outpatient visits or telephone interviews 
performed until death or closing of the study (March 31, 2019). 
The median duration of follow‑up was 13.20 months (range, 
3‑24 months). All patients included met the following eligi-
bility criteria: i) Tissue confirmation of diagnosis, with BCLC 
staging; ii) Eastern Cooperative Oncology Group performance 
status of 0 or 1 and lesser degrees of hepatic functional 
impairment (Child‑Pugh Class A or B) (23); iii) tumor bulk 
amenable to modified Response Evaluation Criteria in Solid 
Tumors (mRECIST) (24); and iv) life expectancy prediction 
≥3 months, which was calculated based on dyspnea, anorexia, 
Karnofsky performance status score, clinical prediction of 
survival, total WBC and lymphocyte percentage (25). The 
exclusion criteria were as follows: i) Child‑Pugh Class C 
HCC; ii) contraindications regarding angiographic or visceral 
catheterization; iii) coagulation disorders; iv) thrombus within 
main portal vein; v) widespread peripheral metastases; and 
vi) life expectancy <3 months. The present study adhered to 
the provisions of the Declaration of Helsinki and was approved 
by the Institutional Review Board of the First Affiliated 
Hospital of Shandong First Medical University (Jinan, China). 
Each subject provided written informed consent.

Raw material. The CB microspheres (100‑300 µm; 4 ml, 
Hengrui Medicine Co.) were hydrated in 7‑ml sterile vials, 
where 4 ml microspheres were admixed with 40 mg epiru-
bicin (Pfizer) and reconstituted in 2 ml sterile water from 
lyophilized powder for intravenous injection (concentration 
of epirubicin loaded into the microspheres, 20 mg/ml). This 
solution was held in a 20‑ml syringe for 30 min with shaking 
every 5 min. The epirubicin‑loaded beads were then added to 
non‑ionic iodinated contrast medium (Hengrui Medicine Co.), 
reconstituted 1:1 in saline.

dTACE treatment. The dTACE procedure requires trans-
femoral arterial access and selective catheterization of feeder 
arteries to tumors via 3‑F microcatheters. CB infusion of 
feeder arteries proceeded slowly (1 ml/min). Care was taken 

to avoid reflux of material into non‑target vessels. The treat-
ment endpoint was stasis of flow in segmental or subsegmental 
arterial branches (26). At least two chemoembolizations of 
target lesions were administered and sessions were performed 
at intervals of 4‑6 weeks. 

Tumor response. To assess the tumor response at 3 months 
after dTACE treatment, the mRECIST guidelines were applied 
to abdominal/pelvic CT or MRI examination results (27). The 
objective response rate was the sum of complete and partial 
therapeutic responses and the objective disease control rate 
was calculated as the sum of complete response (CR), partial 
response (PR) and stable disease (SD) (28). Pertinent labora-
tory parameters, namely alpha‑fetoprotein (AFP), albumin, 
bilirubin, aspartate transaminase (AST), alanine aminotrans-
ferase (ALT) and prothrombin time (PT), were also assessed 
bi‑monthly to evaluate treatment responses.

Safety. The National Cancer Institute Common Terminology 
Criteria for Adverse Events (NCI‑CTCAE; version 4.0) were 

Table I. Clinical characteristics of the patients with advanced 
hepatocellular carcinoma (n=90).

Characteristics	 Value

Age (years)	 57.4±11.04
Sex
  Male	 69
  Female	 21
Etiology
  HBV	 82
  HCV	 6
Maximal tumor diameter (cm)
  ≤5	 12
  >5	 78
Multiplicity of tumor 
  Single	 16
  Multiple	 74
Child‑Pugh class
  A	 81
  B	 9
Serum AFP (ng/dl)
  <200	 48
  ≥200	 42
BCLC stage
  B	 72
  C	 18
ECOG 
  0	 84
  1	 6

Values are expressed as the mean ±  standard deviation or n. HBV, 
hepatitis B virus; AFP, alpha‑fetoprotein; BCLC, Barcelona Clinic 
Liver Cancer; ECOG, Eastern Cooperative Oncology Group.
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used to monitor the tolerability of dTACE  (24,29). After 
DEB treatment, adverse events were recorded for 48 h during 
hospitalization and then monthly during outpatient visits. The 
endpoint was liver toxicity, as indicated by various liver func-
tion tests (albumin, bilirubin, AST, ALT and PT).

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism (version 5; GraphPad Software, Inc.) 
and the level of significance was set at P<0.05. Continuous data 
were expressed as median values and proportions as percent-
ages. One‑way analysis of variance followed by the least 
significant difference post hoc test was applied to compare 
differences in laboratory indices. A Kaplan‑Meier survival 
curve was used to examine OS. Spearman's analysis was used 

Figure 1. Tumor responses at different follow‑up time‑points. (A) 3 months post‑dTACE (n=90); (B) 6 months post‑dTACE (n=88); (C) 1 year post‑dTACE 
(n=51); (D) 2 years after dTACE (n=15). *P<0.05 vs. PD at the same juncture. CR, complete response; PR, partial response; SD, stable disease; PD, progressive 
disease; dTACE, drug‑eluting bead transarterial chemoembolization; Y, year; M, month. 

Figure 2. Effects of dTACE on HCC. (A) HCC lesion (indicated by red arrows) located in the right hepatic lobe as observed using artery enhancement MR 
scanning. (B) HCC lesion (indicated by red arrows) was clearly observed using venous enhancement MR scanning; (C) digital subtraction angiography of HCC 
lesion (indicated by red arrows) during dTACE; (D) Complete tumor response 2 years later in artery enhancement and (E) venous enhancement MR scanning 
follow‑up. dTACE, drug‑eluting bead transarterial chemoembolization; HCC, hepatocellular carcinoma. MR, Magnetic Resonance. 

Figure 3. Kaplan‑Meier curve of the overall survival (%) after drug‑eluting 
bead transarterial chemoembolization in patients with advanced hepatocel-
lular carcinoma.

Figure 4. Univariate analysis of BCLC stage relative to survival in (A) all 
patients and (B) males or (C) females separately. *P<0.05 compared with 
other stages. NS, no significant difference; BCLC, Barcelona Clinic Liver 
Cancer; OS, overall survival.
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assess potential correlations between overall survival time and 
each clinicopathological parameter.

Results 

Clinical characteristics of patients with HCC. A total 
of 90  patients (69  males and 21  females; mean age, 
57.4±11.04 years) who received CB treatments at our hospital 
were included. The characteristics of this patient population are 
listed in Table I. Overall, >91.11% of patients exhibited hepatitis 
B viral positivity and only two tested negative for hepatitis 
virus. Patients were mostly BCLC stage B (80%), as opposed to 
20% in stage C. All were in good physical condition. 

Treatment response. Treatment responses were evaluated at 
3 and 6 months, 1 year and 2 years after dTACE. At 3 months, 
the results were as follows: Complete response, 3 patients 
(3.33%); partial response, 35 patients (38.89%); stable disease, 
46 patients (51.11%); and progressive disease (PD), 6 patients 
(6.67%) (Fig. 1A). As such, the disease control rate (CR+PR+SD) 
was 93.33%. At 6  months, 2 of 90  patients (2.22%) had 
deceased, leaving 88 survivors. Among them, 5 (5.56%) and 56 
(62.22%) qualified as having CR and PR, respectively; whereas 
17 (18.89%) exhibited SD, and PD was evident in 10 (11.11%). 
The disease control rate was then 88.89% and the OR rate 
(CR+PR) was 67.78% (Fig. 1B). In the course of the follow‑up, 
39  and  75  patients died 1  year  and  2  years post‑dTACE, 
corresponding with disease control rates of 36.67 and 12.22%, 
respectively (Fig. 1C and D). Representative images of dTACE 
treatment were shown as Fig. 2. A HCC lesion was observed in 
the right hepatic lobe in artery (Fig. 2A) and venous enhance-
ment MR scanning before dTACE treatment (Fig. 2B). Tumor 
lesion was clearly visible in the digital subtraction angiography 
(DSA) image during dTACE treatment (Fig. 2C), which disap-
peared and 2 years after dTACE (Fig. 2D and E). 

OS rates. The OS rate during the follow‑up was evaluated. 
The median follow‑up duration was 13.20 months (range, 

3‑24 months). A total of 41 patients (45.56%) were still alive 
and 49 (54.44%) had deceased at 2 years after dTACE. Causes 
of death included progressive liver disease (61.90%), myocar-
dial infarction (9.52%), infection (9.52%) and esophageal 
varices (19.06%). None of the mortalities were treatment‑asso-
ciated. The Kaplan‑Meier curve for OS of dTACE recipients 
is provided in Fig. 3. The median OS time was 13.05 months. 
(95% confidence interval: 7.41‑24.00 months). 

Potential associations between OS and clinical parameters 
were also assessed. In the correlation analysis, a significant 
association between the BCLC stage and survival was deter-
mined (P=0.04; Fig. 4A). Furthermore, this association was 
significantly higher in female patients (P=0.03; Fig. 4C), but no 
correlation with male patients has been found (P=0.06; Fig. 4B).

Safety. Within 1 month of dTACE administration, no major 
complications were encountered. Adverse events were 
primarily graded 2‑3. Most adverse events, particularly 
abdominal pain (38.89%), fever (72.22%) and nausea (35.55%), 
were characteristic of post‑embolization syndrome. AST or 
ALT elevations within 48 h were significantly more frequent 
after dTACE compared with pre‑TACE, returning to normal 
within 2 months (Fig. 5). No grade 4 adverse events were 
observed.

Discussion

The results of the present study indicate that the effect of 
CB in patients with advanced HCC is encouraging. By 
combining selective infusion of toxic drugs and embolism 
of tumor‑feeding blood vessels, the local concentration and 
contact time of therapeutic drugs is increased. 

TACE has been widely preferred in the treatment of 
advanced HCC and as a bridge to liver transplantation (30,31). 
Compared with supportive care, TACE offers therapeutic effi-
cacy and survival benefits by virtue of the potent cytotoxic and 
ischemic effects achieved through hepatic arterial chemoem-
bolization. However, cTACE involves briefer periods of local 

Figure 5. Pertinent laboratory analytes assessed during the follow‑up. (A) PT, (B) ALT and (C) AST levels in the follow‑up. *P<0.05 compared with values in 
the time‑point. PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate transaminase.
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drug contact due to washout. To address this problem, DEB 
have been devised, enabling higher local dosing of chemo-
therapeutic agents and prolonged contact with tumors. Studies 
have also demonstrated that compared with cTACE, DEB 
helps to mitigate concentrations of systemically circulating 
chemotherapeutics (32,33). More importantly, there are two 
added benefits of DEB: Coagulative necrosis and inflamma-
tory/fibrotic changes (13). However, necrosis may result from 
the pharmacologic effects of anti‑neoplastic agents released 
and embolization‑induced ischemia and the fibrotic process is 
mostly incited by the particles themselves (13,34). 

The present study provided encouraging outcomes using 
epirubicin‑loaded CB in 90 patients with advanced HCC 
(CR, n=3; PR, n=35; SD, n=46), conferring a 93.33% disease 
control rate at 3 months after treatment, and OS at 6 months 
also improved (CR, n=5; PR, n=56). Only 10  patients 
progressed and disease control was sustained at a relatively 
high level (88.89%). The long‑term follow‑up ranged from 3 
to 24 months, wherein the median OS was 13.05 months (95% 
confidence interval: 7.41‑24.00). From the stratification anal-
ysis by BCLC stages, OS was significantly associated with 
the BCLC stage (P=0.04), with higher significance in female 
patients (P=0.03) but not in males (P=0.06). However, since 
there were only 21 female patients enrolled into the present 
study and a total of 15 patients alive in the last follow‑up, 
the limited numbers may not necessarily representative of the 
entire condition. The treatment response appeared to be more 
insensitive in male patients compared with females, since the 
incidence of HCC was higher in males. However, the sample 
size of patients will need to be increased further to explore 
this potential correlation in the future. Ultimately, 21 patients 
died of progressive liver disease, myocardial infarction, infec-
tion or esophageal varices. At the last follow‑up, 15 patients 
(16.67%) were still alive and in a stable condition. These 
cumulative data support the use of CB as a novel treatment, 
providing improved therapeutic effects in the majority of 
patients with advanced HCC.

Regarding safety and tolerability, most patients experi-
enced grade 2‑3 adverse events as defined by the NCI‑CTCAE. 
The majority of adverse events, however, were in the realm 
of post‑embolization syndrome. Furthermore, elevations 
of ALT or AST occurred with significant frequency within 
48 h after dTACE, albeit with no significant change in liver 
toxicity compared with pre‑dTACE within 2 months (as with 
cTACE) (35). 

The present study had certain limitations that should be 
acknowledged. The follow‑up period was relatively short 
(3‑24 months), with only 15 patients alive and in astable condi-
tion at the time of conclusion. Thus, the OS does not directly 
reflect the specific treatment response. Additional studies are 
required to assess the efficacy of dTACE in comparison with 
cTACE, reinforcing the therapeutic potential of CB. 

In conclusion, the present results attest to the efficacy and 
safety of CB in the setting of advanced HCC. dTACE was able 
to prolong OS and displayed favorable biosafety.
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