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Objective: To investigate the clinical efficacy of intensity-modulated radiotherapy (IMRT) combined with transcatheter arterial 
chemoembolization (TACE) in hepatocellular carcinoma (HCC) patients with extrahepatic oligometastasis and the prognosis of 
patients receiving this treatment.
Patients and Methods: Twenty-one HCC patients with extrahepatic oligometastasis were retrospectively analyzed; seven 
patients received IMRT only, and 14 received IMRT plus TACE. TACE treatment was administered before IMRT (50 mg 
epirubicin, oxaliplatin 100 mg, and mitomycin 10 mg). The short-term efficacy of this treatment and patient prognosis were 
evaluated.
Results: Complete response (CR) and partial response (PR) in the intrahepatic region were achieved in three and 14 patients, 
respectively. The objective response rate (ORR) approached 81%. CR and PR were achieved in six and 10 patients with extrahepatic 
metastases, respectively, for an ORR of 100%. Pain was completely relieved in all patients with bone metastases. The median overall 
survival (OS) and progression-free survival (PFS) were 21 months and 9.1 months, respectively. The 1-year PFS rate was 43%, and the 
1-, 2-, 3-, and 4-year OS rates were 83%, 35%, 9%, and 4%, respectively. Univariate analysis showed that the prognostic factors for 
patient survival included Child–Pugh class, vascular thrombus, Karnofsky performance status (KPS), radiotherapy dose, ascites, 
combination therapy, and pattern of progression. Multivariate analysis showed that vascular thrombus, combination therapy, and 
pattern of failure were prognostic factors for PFS, and the KPS was the only prognostic factor for OS. No grade 3–4 adverse reactions 
were observed.
Conclusion: IMRT combined with TACE is safe and feasible without major toxicities for the treatment of advanced HCC patients 
with extrahepatic oligometastasis and results in excellent objective efficacy and a potential survival benefit. The KPS is the only 
predictive factor for OS. This approach is expected to be a useful palliative option for selected HCC patients with extrahepatic 
metastases.
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Introduction
Liver cancer was the sixth most commonly diagnosed cancer and the third leading cause of cancer-related death worldwide in 
2020, and eastern Asia has a high incidence.1 Surgical resection is the preferred treatment for early-stage liver cancer, whereas 
ablation with radiofrequency ablation (RFA) and stereotactic ablative radiotherapy (SABR) remains the primary intervention for 
nonsurgical early-stage liver cancer.2,3 Unfortunately, patients are often in an advanced stage and may even have extrahepatic 
metastasis at diagnosis. Radiotherapy appears to be beneficial for patients with extrahepatic metastases.4,5 Transcatheter arterial 
chemoembolization (TACE) is commonly used to treat patients with unresectable hepatocellular carcinoma,6 and external 
radiotherapy can improve the efficacy against foci with poor lipiodol deposition after TACE. On the other hand, TACE also 
contributes to eliminating residual lesions after radiotherapy. Compared to TACE alone, radiotherapy combined with TACE has 
been shown to improve the prognosis of hepatocellular carcinoma (HCC) patients.7,8 Whether the efficacy of radiotherapy plus 
TACE is superior to that of radiotherapy alone is unclear. In the current study, we investigated the efficacy of this combined 
treatment in patients with extrahepatic oligometastatic HCC and the prognosis of patients receiving this treatment. Specifically, 
administration of IMRT with or without TACE for treating primary liver foci and IMRT for treating extrahepatic metastatic lesions 
was assessed.

Patients and Methods
Patient Selection and General Information
The inclusion criteria were as follows: stage IVb HCC diagnosed by pathology or imaging based on the guidelines of the 
seventh version of the American Joint Committee on Cancer guidelines (AJCC 7th edition). The clinical diagnostic criteria 
were based on the expert consensus on standardization of the management of primary HCC developed by the Chinese Society 
of Liver Cancer and the Chinese Anti-Cancer Association in 2009.9 According to the patient’s symptoms and signs combined 
with computed tomography (CT) or magnetic resonance imaging (MRI), patients had to have one of the following metastatic 
sites: 1) pulmonary space-occupying lesions on imaging, numbering ≤3; 2) space-occupying lesions in the adrenal gland; 3) 
mediastinal/supraclavicular lymph node metastases; 4) bone metastases; and 5) brain metastases (≤3).

The exclusion criteria were as follows: intrahepatic metastasis; previous systemic therapy; multiple extrahepatic 
metastases (metastases in >2 organs or >3 foci within solitary organs); and interrupting treatment.

Ethics and Consent
The study protocol complied with the Declaration of Helsinki guidelines and was approved by the ethics committee of Hainan 
Cancer Hospital, Affiliated Hospital of Hainan Medical University, Haikou, China. Each patient provided informed consent.

Treatment Methods
Precise Radiotherapy
Simulated positioning: The patient was in the supine position and was fixed with a vacuum pad. A 64-slice enhanced CT 
scan was performed under calm breathing, with a thickness of 5 mm. A precise planning system was used for planning 
design. An Elekta 1591 linear accelerator was used for 6-MV X–irradiation.

Determination of the target areas: The gross tumor volume (GTV) was the tumor range determined by CT or MRI images. The 
planning target volume (PTV) of HCC was 1–1.5 cm outside the GTV. The PTV of the metastatic tumor was 0.5–1 cm outside the 
GTV. The target volume was modified according to the anatomical structure. The isodose lines of 95% and above covered the 
PTV. The treatment regimens were comprehensively evaluated using the dose-volume histogram and the isodose line.

Radiotherapy fraction (f) and dose regimen: liver lesion PTV (Dt 44–66 Gy, 22–33 f, 2 Gy/f; or 36–45 Gy, 12–15 f, 3 Gy/f), 
lung metastasis PTV (Dt 54–66 Gy, 27–33 f, 2 Gy/f), bone metastasis PTV (Dt 40–55 Gy, 20–25 f, 2 Gy/f), and adrenal 
metastasis PTV (Dt 50–56 Gy, 20–25 f, 2 Gy/f). Radiotherapy was administered 5 days per week with a daily fraction.

Hepatic TACE
Digital subtraction angiography (DSA) was performed to visualize the lesions, and TACE was performed on HCC lesions 
with an abundant blood supply. Lipiodols and drugs (oxaliplatin 100 mg, epirubicin 60 mg, mitomycin 10 mg) were 
infused, and TACE was repeated every 21 days for a total of 1–2 cycles.
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Other Treatments
For patients with hepatitis B, radiotherapy or TACE was performed when HBV-DNA was reduced to ≤ 103 by antiviral 
therapy, and the treatment was maintained for 1 year. Splenic embolization was given to patients with hypersplenism 
whose cytopenia was ≥ II°.

Follow-Up
Blood count, liver and kidney function, HBV-DNA, α-fetoprotein (AFP), CT or MRI were examined during treatment 
and follow-up, and the last follow-up time was June 2015. The causes of patient death or disease progression were 
classified as intrahepatic progression, extrahepatic progression, and other causes. The overall survival (OS) and 
progression-free survival (PFS) were calculated as the time from diagnosis to death or last follow-up.

Acute Reactions and Criteria for Efficacy Evaluation
Acute Reactions
Acute radiation injury was determined according to the criteria of the Radiation Therapy Oncology Group (RTOG): bone 
marrow suppression, gastrointestinal reactions, and radiation-induced liver and lung injury.

Efficacy Evaluation Criteria
Short-term efficacy evaluation was performed according to the Response Evaluation Criteria in Solid Tumors version 1.1 
(RECIST 1.1). Abdominal CT or MRI scans were performed 2–3 months after radiotherapy, followed by reexamination every 
2–3 months.

Statistical Methods
Statistical analysis was performed with SPSS 23.0. The Kaplan–Meier method was used to calculate OS and PFS. 
Multivariate analysis was performed using Cox risk regression. Due to the small sample size, factors with p≤0.05 in 
univariate analysis were taken as covariates.

Results
Follow-Up and Treatment
Twenty-one patients with oligometastatic liver cancer between April 2010 and December 2014 were analyzed; there were 
19 males and 2 females, with a median age of 56 years (Table 1). The median follow-up time was 23 months (3–55 
months), and the follow-up rate was 100%. The baseline characteristics of the patients are shown in Table 1. There were 
14 (67%), 5 (24%) and 2 (9%) patients with Child–Pugh classifications of class A, B, and C, respectively. Fifteen and 6 
patients received IMRT plus TACE or IMRT alone, respectively.

Table 1 Analysis of Baseline Characteristics of Patients

Patient Characteristics n Median PFS P Median OS P

Age ≤50 years old 6 6 0.654 21 0.721
>50 years old 15 13 21

Sex Male 19 10 0.396 20 0.488

Female 2 5 15
Child-Pugh class A 14 12 0.012 21 0.003

B 5 9 8

C 2 2 -
Tumor thrombus Yes 5 3 0.003 24 0.598

None 16 12 21

KPS >70 11 13 0.028 28 0.001
60–70 10 3 13

Liver cirrhosis Yes 14 8 0.153 20 0.2
No 7 12 24

(Continued)
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Evaluation of Short-Term Efficacy
Complete response (CR) was obtained in three patients with intrahepatic lesions, partial response (PR) was reached in 14 
patients, and the ORR was 81%. Three patients had stable disease (SD), and one patient exhibited recurrence within 6 
months after treatment. For extrahepatic metastases, CR and PR were achieved in six and 10 patients, respectively, and 
the ORR was 100%. Pain was relieved in all five patients with bone metastases.

Failure Mode and Survival Score
At the end of follow-up, 18 patients had died, and three patients had survived. The main cause of death was intrahepatic 
progression. There were nine patients with intrahepatic metastasis (50%), among which one patient developed diffuse 
intrahepatic metastasis. Nine patients were found to have extrahepatic metastasis (50%), and the deaths of the other two 
patients were not related to metastasis. The median PFS time was 9 months, the median OS was 21 months, the 1-year 
PFS rate was 43%, and the 1-, 2-, 3-, and 4-year OS rates were 83%, 35%, 9%, and 4%, respectively (Figures 1a and b).

Analysis of Prognostic Factors
Univariate analysis showed that Child–Pugh class, portal vein tumor thrombus (PVTT), KPS score, radiotherapy dose 
(Figures 2a and b), and ascites (Figures 3a and b) were factors that affected the PFS and OS of patients. Combination 
therapy and intrahepatic or extrahepatic progression were also related to OS. The median OS of patients receiving IMRT 
plus TACE was better than that of patients who underwent IMRT alone (24 vs 20 months), and the median OS of patients 

Figure 1 (a) PFS-vs.-time curves of patients. (b) OS-vs.-time curves of patients.

Table 1 (Continued). 

Patient Characteristics n Median PFS P Median OS P

Combination therapy Yes 14 10 0.298 24 0.038

No 7 6 20
Metastatic site Lung 10 6 0.149 13 0.194

Mediastinal/supraclavicular 3 6 -

Brain 1 17 -
Adrenal gland 2 3 -

Bone 5 13 8

Radiotherapy dose ≤52Gy 8 6 0.007 13 0.038
>52Gy 13 12 21

Failure mode Intrahepatic 9 9 0.533 14 0.032

Extrahepatic 9 10 28
Ascites Yes 7 3 0.001 13 0.001

None 14 12 24

Abbreviations: PFS, progression-free survival; OS, overall survival; KPS, Karnofsky performance status; CIK, cytokine-induced killer.
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with intrahepatic metastases (14 months) was significantly lower than that of patients with extrahepatic metastases (28 
months). Multivariate analysis showed that PVTT, combination therapy, and pattern of progression were prognostic 
factors for PFS. The only prognostic factor for OS was the KPS score; on the other hand, radiotherapy dose was 
a potential influencing factor (p=0.059) (Table 2).

Figure 2 (a) PFS curves of patients with different doses of radiotherapy. (b) OS curves of patients with different doses of radiotherapy.

Figure 3 (a) PFS curves of patients with vs without ascites. (b) OS curves of patients with vs without ascites.

Table 2 Multivariate Survival Analysis of Patients

Patient Condition n Multivariate Analysis

PFS OS

RR p RR p

Child–Pugh class A 14 1.72 0.511 3.229 0.072

B 5

C 2
Tumor thrombus Yes 5 94.9 0 0.03 0.863

No 16

KPS score >70 11 11.567 0.093 8.8 0.003
60–70 10

Treatment Radiotherapy + TACE 14 9.14 0.048 3.092 0.079

Radiotherapy 7
Radiotherapy dose ≤52 Gy 8 0.825 0.83 3.572 0.059

>52 Gy 13

(Continued)
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Toxic Side Effects
During the treatment, 16 patients had mild anorexia, nausea, and other discomfort, and three patients had mild chest 
tightness and shortness of breath. These side effects were all relieved after medical treatment. There were no grade III–IV 
reactions in this study and no discontinuation of treatment due to toxic side effects. All patients who received TACE 
developed fever (38.5°C) within 3 to 5 days after treatment and had abnormal transaminase levels within 1 week. They 
all recovered after medical treatment.

Discussion
The incidence of extrahepatic metastasis for patients with HCC was approximately 13.5–41%,10 and the median OS of 
most patients was less than 6 months.10 The continuously updated and optimized management of HCC has substantially 
improved the prognosis over the past decade.11 Local intervention, including surgery, radiotherapy, especially stereotactic 
body radiotherapy (SBRT) or SABR, and RFA, has been shown to improve the prognosis of HCC patients with 
extrahepatic metastases.12–16 In this study, IMRT combined with or without TACE was used to treat HCC patients 
with extrahepatic oligometastasis. The short-term ORR was 81% for intrahepatic lesions and 100% for extrahepatic 
metastases, and the pain remission rate for bone metastasis was 100%. The results were similar to a Korean study in 
which helical tomotherapy was used to treat advanced HCC patients with metastasis. It was reported that 45.2% of 
patients with intrahepatic metastases exhibited objective remission after radiotherapy, approximately 67% of patients 
with extrahepatic metastases exhibited objective remission, and six patients (31.3%) exhibited CR.17 In addition, in the 
current study, the median PFS and OS were 9 and 21 months, respectively. The PFS rate at 12 months was 43%, and the 
OS rates at 12, 24, 36, and 48 months were 83%, 35%, 9%, and 4%, respectively. In general, the ORR and prognosis of 
the above Korean study were significantly lower than those in the current study, which was related to baseline features. 
The Korean study included patients with intrahepatic metastasis and multiple metastases, and only 21.4% (9/42) of 
patients had extrahepatic metastasis without intrahepatic foci; moreover, 21.4% of patients had two or more organ 
metastases, 78.8% of patients had intrahepatic lesions and extrahepatic metastases, and the incidence of PVTT was 
approximately 72.7%.17 The controllability of intrahepatic lesions is an important prognostic factor in patients with 
advanced HCC and extrahepatic metastasis,18 and PVTT is an adverse prognostic factor in the international staging 
systems (BCLC, AJCC).19 Radiotherapy is effective and safe in HCC with PVTT.20–25 Furthermore, the radiotherapy 
dose is tightly related to prognosis in patients with HCC,15,26–28 and a biologically effective dose (BED) ≥ 72 Gy is 
significantly related to PFS and OS.28 A high BED for patients with HCC bone metastases is associated with prolonged 
OS,15,26 and a high BED results in pain relief and excellent local control, which improves the KPS score and 
prognosis.15,28

Surgical resection was applied in HCC patients with extrahepatic metastasis, and it was demonstrated that the 1- and 
3-year postoperative OS rates of HCC patients with lung metastasis were 24% and 7%, respectively; the median OS of 
patients with lung, bone, and brain metastases was 26.5–32 months, 10 months, and 6.1 months, respectively.29 

Heterogeneity was found between the surgery and radiotherapy groups in the current study and was associated with 
multiple factors. First, there was selection bias, as patients who are not suitable for surgery naturally have a poor 

Table 2 (Continued). 

Patient Condition n Multivariate Analysis

PFS OS

RR p RR p

Failure model Intrahepatic 9 0.111 0.009 1.953 0.162
Extrahepatic 9

Ascites Yes 7 25.9 0.019 21.32 0.007

No 14

Note: P < 0.05 was considered statistically significant.
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prognosis.29 Second, there was heterogeneity at baseline, such as in stage, intrahepatic lesions, and PVTT. Finally, there 
are various metastasis target organs, most patients undergo surgery for lung metastases, and the prognosis of patients with 
pulmonary metastasis resection is better than that of patients with metastases to other sites.12 Additionally, the findings of 
the current study should be interpreted in view of the following limitations: retrospective analysis can influence the 
reliability, and the small sample size and delayed timeliness can produce various biases.

Nevertheless, in recent decades, targeted therapy and immune checkpoint inhibitors have been extensively adminis-
tered to patients with advanced HCC,11 and local control combined treatment provides a future for patients with 
advanced HCC.20,30–32

Conclusions
In summary, this study suggests that precision radiotherapy combined with TACE for the treatment of advanced HCC 
patients with extrahepatic oligometastasis yields a good objective remission rate and survival benefit and is an ideal 
palliative treatment option. The limitations of this study were the small sample size, retrospective nature of the study, and 
selection bias. Prospective clinical trials are necessary to provide more reliable evidence for improving the value of 
radiotherapy in the treatment of advanced HCC.
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