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Abstract. – OBJECTIVE: To investigate the 
therapeutic effect of metronomic chemotherapy 
with low-dose Tegafur on patients with prima-
ry hepatic carcinoma (PHC) after radiofrequen-
cy ablation (RFA).

PATIENTS AND METHODS: PHC patients who 
underwent RFA were assigned to RFA + Tega-
fur group and RFA group, respectively. Patients 
in RFA + Tegafur group received metronomic 
chemotherapy with low-dose Tegafur after RFA. 
PHC patients in RFA group only received radiof-
requency ablation. Therapeutic efficacy of the 
two groups was prospectively analyzed within 18 
months after RFA. Disease control rate (DCR) and 
progression-free survival (PFS) in both groups 
were evaluated. 

RESULTS: Follow-up data showed that DCR in 
RFA + Tegafur group and RFA group at 9 months 
after RFA was 93.3% and 73.4%, respectively 
(p=0.038). Within the 18-month follow-up, medi-
an PFS in RFA + Tegafur group and RFA group 
was 16.25 months and 12.25 months, respec-
tively (p<0.001). One-year PFS in RFA group was 
53.3%, which was remarkably lower than that 
of RFA + Tegafur group (83.3%, p=0.012). More-
over, the prevalence of major complications in 
the present study was 13.3%. No treatment-re-
lated death occurred in both groups. 

CONCLUSIONS: Metronomic chemotherapy 
with low-dose Tegafur after RFA can slow down 
tumor progression and prolong the progres-
sion-free survival of PHC patients.
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Introduction

Primary hepatic carcinoma (PHC) is a com-
mon malignant tumor of the digestive system. 
The high malignancy, rapid progression, and high 

mortality of PHC pose great harm to the affect-
ed population. Globally, there are 626,000 newly 
diagnosed PHC cases every year1,2. The etiology 
and pathogenesis of PHC have not been complete-
ly elucidated. PHC is currently believed to be re-
lated to some certain factors, such as cirrhosis, 
viral hepatitis, and aflatoxins3. For the insidious 
onset and lack of symptoms, PHC patients often 
have been in the middle or late stage when first 
diagnosed. So far, surgical resection and liver 
transplantation are the main treatments of PHC. 
However, only 9% to 29% of PHC patients con-
form to the conditions of surgical resection4.

Most of PHC patients can only accept non-sur-
gical treatments. In recent years, the minimal-
ly invasive treatment of tumors has made great 
progress, including radiofrequency ablation 
(RFA), ethanol injection, transarterial chemo-
embolization (TACE), etc. Among them, RFA is 
widely applied because of its small trauma, fast 
recovery, high damage rate of the lesion, easy 
procedure, and low cost5,6. However, incomplete 
tumor ablation, metastasis in needle track, and in-
creased level of vascular endothelial growth fac-
tor (VEGF) are the main shortcomings of RFA. 
Studies have shown that serum levels of VEGF 
in PHC patients were increased one month after 
RFA7,8. It is suggested that VEGF can promote the 
growth of tumor blood vessels, which is closely 
related to the growth and metastasis of residual 
cancer cells9,10. 

Metronomic chemotherapy is a continuous low-
dose chemotherapy that has a strong anti-angio-
genic effect at very low doses11. Tegafur (Gimeracil 
and Oteracil Potassium Capsules) is an oral chemo-
therapeutic agent derived from fluorouracil. Tega-
fur presents lower toxicity and longer effect than 
that of 5-fluorouracil (5-FU). Functionally, Tegafur 
is applied in the metronomic chemotherapy be-
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cause of its strong anti-angiogenic effect12. EACH 
clinical trials in Asia-Pacific centers have shown 
that 5-FU has a great therapeutic effect on liver 
cancer13, indicating that Tegafur may even perform 
better in treating PHC. In this study, PHC patients 
who underwent RFA under the guidance of spiral 
computed tomography (CT) were assigned to RFA 
+ Tegafur group and RFA group, respectively. Pa-
tients in RFA + Tegafur group received metronom-
ic chemotherapy with low-dose Tegafur after RFA. 
PHC patients only received RFA were regarded as 
control. Therapeutic efficacy of the two groups was 
prospectively analyzed.

Patients and Methods

Patients
A total of 114 PHC patients who received the 

first RFA in our hospital from January 2015 to 
December 2015 were enrolled. The first surgery 
and oral chemotherapy treatment of all enrolled 
patients were completed in our department. 
Meanwhile, complete clinical and imaging data 
were obtained before RFA and oral chemother-
apy treatment. This study was approved by the 
Ethics Committee of Qianfoshan Hospital Affil-
iated to Shandong University. The signed written 
informed consents were obtained from all partic-
ipants before the study. Among all the subjects, 
there were 93 male patients (81.7%) and 21 female 
patients (18.3%). A total of 80 cases (70%) were 
younger than 60 years and 34 were (60%) older 
than 60. According to the Child-Pugh score of 
liver function, 59 (51.7%) cases were diagnosed 
as Grade A and 55 (48.3%) were Grade B. Be-
sides, there were 99 (86.7%) cases whose AFP 
were over 20 and 15 (13.3%) were under 20. For 
the etiology of PHC, 108 (95%) cases were infect-
ed with hepatitis B virus and 6 (5%) were infected 
with hepatitis C virus. Additionally, there were 65 
(56.7%) cases suffered from individual tumor and 
49 (43%) suffered from multiple tumors.

Treatment Procedures
RFA group: Briefly, the needle angle and 

depth were adjusted to detect the tumor location 
and size. Different RFA needles were selected ac-
cording to the lesion sizes. Single needle was used 
in tumor with smaller than 2 cm in diameter and 
multipolar needle was used in tumor with larger 
than 2 cm in diameter. When RFA was performed, 
the target temperature reached 80-100°C with 10-
35 min for each tumor lesion. The ablation range 

should exceed 1-2 cm away from the tumor edge 
in order to inactivate the infiltration part as much 
as possible. After the tumor was ablated, the nee-
dle track was electrocoaguled to prevent bleeding 
and tumor metastasis in the track. Postoperative 
liver protection, hemostasis, and anti-infection 
treatments were conventionally performed.

RFA + Tegafur group: Based on the procedure 
performed in RFA group, 25 mg of Tegafur was 
orally taken every morning and evening. One 
complete course of disease consisted of 14-d oral 
medication and 7-d withdrawal. Patients in RFA 
+ Tegafur group persisted in taking Tegafur for 
at least 2 complete courses. Routine blood test, 
liver and kidney function were examined during 
the whole treatment period. Side effects were ob-
served and recorded.

Follow-Up and Therapeutic Evaluation
 Enhanced computed tomography (CT) exam-

ination of the liver was performed 1 month after 
RFA. Tumor necrosis evaluation criteria were ap-
plied as follows: (1) Complete ablation was man-
ifested as 100% non-enhancement of tumor in 
enhanced CT or MRI examination; (2) Partial ab-
lation was manifested as over 50% non-enhance-
ment of tumor in enhanced CT or MRI examina-
tion; (3) No ablation was manifested as less than 
50% non-enhancement of tumor in enhanced CT 
or MRI examination. All patients were followed 
up every 3 months for a total of 18 months.

Survival Indicators
Follow-up data were collected to evaluate PFS 

in both groups. Based on the Response Evaluation 
Criteria in Solid Tumors (RECIST)14, complete 
response (CR), partial response (PR), stable dis-
ease (SD), progressive disease (PD), and disease 
control rate (DCR) of each patient were evalu-
ated (Table I). Safety evaluation was carried out 
based on anti-cancer drug toxicity rating criteria 
of WHO, including the incidence of bone marrow 
suppression and gastrointestinal toxicity.

Statistical Analysis
Statistical product and service solutions 

(SPSS19.0, Armonk, NY, USA) statistical soft-
ware was used for data analysis. Measurement 
data were expressed as mean ± standard devia-
tion (x±s). Comparison of measurement data was 
conducted using t-test. Categorical data were ana-
lyzed by Chi-square or Fisher test. Survival anal-
ysis was performed using Kaplan-Meier curve. 
p<0.05 was considered statistically significant.
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Results

Basic Characteristics of Enrolled Patients
A total of 114 PHC patients were enrolled 

in this study. There were 57 patients in RFA + 
Tegafur group, including 47 males (83.3%) and 10 
females (16.7%). Among them, 42 cases (73.3%) 
were younger than 60 years and 15 (26.7%) were 
older than 60. In RFA group, there were 11 (19%) 
female patients and 46 (81%) male patients. 
Among them, 38 cases (66.7%) were younger than 

60 years and 19 (33.3%) were older than 60. There 
were no significant differences in gender, age, 
Child-Pugh grading, AFP level, medical history 
of viral hepatitis, tumor size, and number of tu-
mors between the two groups (p>0.05, Table II).

Comparison of Tumor Ablation Rate
One month after RFA, all patients underwent 

enhanced CT examination of the liver to evaluate 
the size and enhancement condition of the lesion. 
Among the 86 PHC nodules in RFA + Tegafur 
group, 71 nodules were completely ablated, with 
the tumor ablation rate of 82.9%. However, among 
the 91 PHC nodules in RFA group, 70 nodules 
(77.1%) were completely ablated. No significant 
difference in the tumor ablation rate was found 
between the two groups (p>0.05, Table III).

Comparison of Disease Control Rate
Disease control rate (DCR) between the two 

groups after treatment for 9 months was calcu-
lated according to RECIST. The proportions of 
CR, PR, SD and PD in RFA + Tegafur group 
were 16.7%, 20.0%, 56.6% and 6.7%, respective-
ly, while those in RFA group were 10%, 16.7%, 
46.7% and 26.6%, respectively. DCR in RFA + 
Tegafur group and RFA group was 93.3% and 
73.4%, respectively (p=0.038, Table IV).

Table I. Response evaluation criteria in solid tumors (RECIST).

Note: complete response (CR), partial response (PR), stable disease (SD), progressive disease (PD), disease control rate (DCR).

Therapeutic 	 Specific standard
  response	

      CR	� Disappearance of all target lesions. Any pathological lymph nodes (whether target or non-target) must 
have reduction in short axis to <10 mm.

      PR	� At least a 30% decrease in the sum of diameters of target lesions, taking as reference the baseline sum 
diameters.

      SD	� Neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD, taking as 
reference the smallest sum diameters while on study.

      PD	� At least a 20% increase in the sum of diameters of target lesions, taking as reference the smallest 
sum on study. In addition to the relative increase of 20%, the sum must also demonstrate an absolute 
increase of at least 5 mm.

DCR=CR+PR+SD/CR+PR+SD+PDx100%

Table II. Basic characteristics of enrolled patients.

Content	 RFA	 RFA+S-1	 p
	   (n=57)	   (n=57)	

Gender			   0.5
    Male	 46	 47	
    Female	 11	 10	

Age			   0.27
    >60	 19	 15	
    ≤60	 38	 42	

Child-Pugh			   0.5
    A	 33	 32	
    B	 24	 25	

AFP (μg/L)			   0.21
    >20	 51	 47	
    ≤20	 6	 10	

Etiology			   0.339
    HBV	 55	 53	
    HCV	 2	 4	

Tumor diameter
    (±s, cm)	 2.69±0.77	 2.97±0.76	 0.169

Number of tumor			   0.286
    Single	 30	 34	
    Multiple	 27	 23	

Table III. Comparison of 1-year PFS.

Group	 Number 	 Completed	 Rate (%)
	 of tumor	 ablation
			 
RFA+S-1	 86	 71	 82.9
RFA	 91	 70	 77.1
p			   0.229
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Comparison of Progression-Free 
Survival Between the Two Groups

There were 41 cases in RFA + Tegafur group 
whose disease condition did not progress, with 
the 1-year PFS of 71.9% (41/57). However, the 
1-year PFS in RFA group was 45.6% (26/57). A 
significant difference in 1-year PFS was observed 
between the two groups (p=0.004, Table V). 

Moreover, median PFS in RFA + Tegafur 
group was 16.25 months after follow-up for 18 
months (95% CI: 15.581-16.919), which was 12.25 
months in the control RFA group (95% CI: 9.566-
14.934). There was a significant difference in the 
median PFS between the two groups (p=0.008, 
Table VI, Figure 1).

Comparison of PFS in PHC Patients
of RFA + Tegafur Group With Different 
Liver Function Grades and Tumor
Lesions 

We compared the effects of liver function 
grades and the number of tumor lesion on PFS in 
RFA + Tegafur group. The data showed that the 
median of PFS was 16.50 months in PHC patients 
with Child-Pugh A (95% CI: 15.761-17.187). PFS in 
those with Child-Pugh B was 16.00 months (95% 
CI: 15.542-16.475). No significant difference was 
found in PFS between patients with Child-Pugh A 
and B (p=0.938, Figure 2). Furthermore, the medi-

an of PFS in PHC patients with individual tumor 
was 16.80 months (95% CI: 15.988-17.834). PFS in 
those with multiple tumors was 16.34 months (95% 
CI: 15.549-17.152). No significant difference was 
found in PFS between PHC patients with individu-
al and multiple tumors (p=0.643, Figure 3).

Comparison of Safety Evaluation 
Most PHC patients experienced different de-

grees of fever and transient increased levels of se-
rum transaminases after RFA. In RFA + Tegafur 
group, 5 (8.8%) cases had endurable pain in abla-
tion area, 2 (3.5%) had diarrhea, and 2 had nausea 
along with vomiting (3.5%). The above side ef-
fects were not severe, which usually were allevi-
ated or disappeared within 1- 2 weeks. We didn’t 
observe significant changes in routine blood test, 
liver and kidney function during the treatment.

Discussion

PHC is the sixth most frequent cancer (6%) 
in the world and the third leading cause of death 
from cancer (9%)15. Males are more often affected 
by PHC than females. More seriously, there are 

Table IV. Comparison of volume change of solid tumor.

Note: complete response (CR), partial response (PR), stable disease (SD), progressive disease (PD), disease control rate (DCR).

Group	 CR (%)	 PR (%)	 SD (%)	 PD (%)	 DCR (%)	

RFA+S-1 (n=57)	 16.7	 20	 56.6	 6.7	 93.9
RFA (n=57)	 10	 16.7	 46.7	 26.6	 73.4
p					     0.038

Table IV. Comparison of median PFS after follow-up for 
18 months.

Group	 n	 PFS (month)	 p=0.008	

RFA+S-1	 57	 16.25
RFA	 57	 12.25

Table V. Comparison of 1-year PFS.

Group	  Progression-	 Rate
	 free	 (%)	
			 
RFA+S-1 (n=57)	 41	 71.9
RFA (n=57)	 26	 45.6
p		  0.004

Figure 1. Comparison of PFS between the two groups.
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over 85% of PHC cases in developing countries16. 
So far, viral infection with either hepatitis C virus 
(HCV) or Hepatitis B virus (HBV) is the chief 
cause of PHC17.

Rossi et al18 performed the RFA of intrahepat-
ic tumors in 39 patients with liver cancer in the 
1990s. The results showed that the 1-year, 2-year, 
3-year, and 5-year survival rate was 94%, 86%, 
68%, and 40%, respectively. No significant dif-
ference in the therapeutic efficacy of early-stage 

liver cancer between RFA and traditional sur-
gical resection has been found19. Because of the 
advantages of small trauma, rapid recovery, high 
damage rate of the lesion, easy procedure and low 
cost, RFA is widely performed to treat tumors20,21. 
In addition, serum levels of vascular endothelial 
growth factor (VEGF) in most PHC patients were 
remarkably increased22. VEGF is capable of regu-
lating angiogenesis, which exerts a crucial role in 
PHC development23,24. It was reported that serum 
level of VEGF was significantly decreased 1 week 
after RFA compared with the preoperative level. 
However, VEGF level was gradually increased at 
1 and 3 months after RFA25.

Tegafur is an oral chemotherapeutic agent de-
rived from fluorouracil. Studies have shown that 
oral administration of Tegafur achieved higher 
blood concentration than 5-FU injection at the 
same dose26. More importantly, gastrointestinal 
toxicity was obvious after injecting 5-FU27. Since 
the small dose and high compliance of Tegafur, it 
has been widely applied in treating gastric cancer, 
colorectal cancer and esophageal cancer28-31. Ter-
azawa et al32 demonstrated that Tegafur achieved 
good results in treating advanced PHC patients 
combined with cisplatin arterial infusion chemo-
therapy.

In the present study, we explored the efficacy 
and safety of oral administration of Tegafur af-
ter RFA for the first time. The results showed that 
the combined use of RFA and Tegafur metronom-
ic chemotherapy could effectively improve the 
local tumor ablation and expand the application 
of RFA. It provides a better control of the local 
tumor. A meta-analysis conducted by Yi et al33 
suggested that the median of 1-year PFS rate after 
RFA was 74.1% (42% -90.9%). Our data showed 
that median of PFS was 16.25 months in RFA + 
Tegafur group and 12.25 months in RFA group 
after follow-up for 18 months (p <0.05). Besides, 
1-year PFS rate in RFA group was 45.6%, which 
was 71.9% in RFA + Tegafur group (p=0.004). 
Additionally, the 1-year PFS rate in RFA + Tega-
fur group was higher than that reported in other 
studies.

VEGF is capable of promoting the growth of tu-
mor blood vessels. It is closely related to the growth 
and metastasis of residual cancer cells. Some stud-
ies indicated that serum levels of VEGF in PHC 
patients were increased after RFA. In our work, 
metronomic chemotherapy with Tegafur achieved 
better therapeutic efficacy, which may be explained 
by the inactivation of tumor cells via inhibiting 
VEGF expression34. Metronomic chemotherapy 

Figure 2. Comparison of PFS in patients of RFA + Tegafur 
group with different liver function grades. 

Figure 3. Comparison of PFS in patients of RFA + Tegafur 
group with different tumor lesions.
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can also inhibit tumor-induced autoimmune toler-
ance and enhance NK cell proliferation, so as to 
improve the immune function35. We demonstrated 
that PHC patients tolerated well the RFA and Tega-
fur. No death case occurred during the whole pro-
cedure. The prevalence of major complications was 
as low as 13.3%, which were alleviated within 1-2 
weeks. Taken together, metronomic chemotherapy 
with low-dose Tegafur after RFA can reduce tumor 
progression and prolong PFS of PHC patients. We 
provide a new option in treating PHC. 

Conclusions

We demonstrated that metronomic chemother-
apy with low-dose Tegafur after RFA can slow 
down tumor progression and prolong the progres-
sion-free survival of PHC patients. 
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