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Abstract. The aim of this study was to evaluate the curative 
effect of gamma knife stereotactic body radiotherapy (SBRT) 
for unresectable massive primary liver cancer. A total of 
69 patients with unresectable massive (>10 cm) primary 
liver cancer who were treated by SBRT at the Department of 
Radiation Oncology of the 323 Hospital of People's Liberation 
Army (Xi'an, China) between October, 2006 and October, 
2010, were analyzed. According to the Union for International 
Cancer Control TNM staging guidelines, the patients were 
graded as stage T1 (n=8), T2 (n=12), T3 (n=21) and T4 
(n=28). None of the patients had lymph node metastasis, 
whereas 45 patients had portal vein tumor thrombosis. The 
Child-Pugh class was A (n=49), B (n=15) and C (n=5). The 
visible tumor volume ± standard deviation was 810±213 cm3. 
The patients received a total radiation dose of 50-60 Gy, with 
a dose fractionation of 4-6 Gy/fx, administered for a total of 
9-12 times, 2-5 times/week. A total of 8 patients succumbed 
to the disease within 3 months after gamma knife treatment 
and were not included in the evaluation of the curative effect. 
The total effectiveness rate was 59.0% (36/61) and the median 
survival was 17.4 months for all the patients included in the 
study. The 1-, 2-, and 3-year overall survival rates were 71, 
30 and 22%, respectively. In conclusion, SBRT appears to be 
effective for unresectable massive primary liver cancer.

Introduction

The clinical tumor size of middle-to-late-stage primary liver 
cancer is estimated by its maximum diameter. Hepatocellular 

carcinomas (HCCs) sized from >5 to <10 cm are described as 
large, whereas those ≥10 cm as massive. Multimodal compre-
hensive treatment has been used for unresectable large live 
cancer, but without a distinct curative effect; the outcome of 
massive HCC treated with non-surgical methods is not satis-
factory. Transcatheter arterial chemoembolization (TACE) 
is contraindicated in patients with HCC invasion of the first 
branch or main trunk of the portal vein, as it may cause exten-
sive liver infarction, resulting in poor prognosis (1). Another 
limitation of TACE, as reported by Arata et al (2), is that local 
control of HCCs sized ≥5 cm is often difficult. These two 
limitations are responsible for negative survival data in initial 
randomized control trials of TACE (3). At present, radiation 
therapy (RT) is applied as palliative treatment for liver cancer, 
mainly as three-dimensional conformal RT (3D-CRT). ‘Super 
gamma knife’ technology is one of the most effective methods 
for solid tumors, has the advantages of high precision and high 
single therapeutic dose, and it may improve the effects of palli-
ative care in terminal-stage liver cancer. In the present study, 
69 cases of primary unresectable liver cancer who underwent 
gamma knife stereotactic body radiotherapy (SBRT) were 
retrospectively analyzed to investigate the prognostic factors 
and curative effect of this type of radiotherapy, providing the 
basis for further clinical applications.

Patients and methods

Patient characteristics. This study included 69 patients with 
primary liver cancer admitted to the 323 Hospital of People's 
Liberation Army (Xi'an, China) between October, 2006 and 
October, 2010. A total of 22 patients received TACE prior to 
gamma knife therapy. All the patients received RT doses of 
50-60 Gy in daily fractions of 4-6 Gy. The eligibility criteria 
comprised the following: i) Unresectable HCC with portal vein 
tumor thrombosis (PVTT) in the first branch or the main trunk; 
ii) an HCC sized ≥10 cm; iii) absence of extrahepatic metas-
tasis (4) and no ascites or medical control of ascites; and iv) 
an Eastern Cooperative Oncology Group performance status 
of 0-2 (5). A total of 45 HCC patients with portal vein tumor 
thrombosis (PVTT) were initially diagnosed by liver biopsy 
histological examination and 24 patients were initially diag-
nosed on dynamic helical computed tomography (CT) using 
contrast medium or by magnetic resonance imaging (MRI) and 
measurement of α-fetoprotein levels, then reconfirmed by CT 
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during hepatic arteriography and CT during arterial portog-
raphy in each case. Patients with diabetes were excluded. The 
patient characteristics are summarized in Table I. This study 
was approved by the Ethics Committee of the 323 Hospital of 
PLA and all the patients provided written informed consent 
prior to enrolment.

Treatment planning. RT was performed using the ‘super 
gamma-knife’ SGS-I Stereotactic Gamma-Ray system 
(Huiheng Medical Inc., Shenzhen, China), which focused 
on whole-body radiation, and the UNICORN 3D Treatment 
Planning System (Huiheng Medical Inc.) for the design. 
RT plans were reviewed using our department's treatment 
planning software (Huiheng Medical Inc.). Individual gross 
tumor volumes (GTVs) for each liver tumor and nodal lesion 
visualized on positron emission tomography were generated 
on planning CTs. Both simulation and treatment-planning 
CTs were performed during breath holding. The patients were 
instructed to breathe quietly, as RT was repeatedly delivered 
during breath holding at end-expiration for 10-15 sec at a 
time. Using these data, the whole liver, main tumor, PVTT, 
and other hepatic tumors were contoured for each patient with 
reference to the MRI or diagnostic enhanced CT images taken 
within a week prior to treatment planning (Fig. 1A). Outlining 
of the target area-GTV was performed by a medical physicist 
and the planning target volume (PTV) was extended 0.5 cm 
outside the GTV. The organs at risk included the normal liver, 
duodenal pancreas, kidney and spinal cord. It was ensured that 
the 50% isodose curve covered the PTV and that the radia-
tion delivered to normal tissue did not exceed the tolerance 
dose (Fig. 2). A dose-volume histogram (DVH) was drawn to 
evaluate the square and optimize the radiation scheme. The 
RT prescription dose was as follows: 4-6 Gy/fx, for a total of 
9-12 times, 2-5 times/week, up to a total dose of 50-60 Gy. 
Organs of interest were avoided and the treatment plan 
optimization index was determined with DVH; 40 or 50% 
DVH surrounded the PTV (Fig. 3). The dose administered to 
adjacent target organs did not exceed 25 Gy (tolerance dose). 
During treatment, the patients were administered static drops 
of liquorice anhydride, while the use of chemicals was avoided.

Curative effect evaluation. Efficacy evaluation was performed 
according to the World Health Organization curative effect 
evaluation standards of solid tumors (4). Three months 
after RT, the patients were evaluated by abdominal MRI. 
After treatment completion, reexamination was performed 
every 3 months for 1 year and every 6 months thereafter. 
Reexamination included blood tests, liver and kidney function 
tests, serum electrolyte levels, abdominal MRI and abdominal 
ultrasound.

Statistical analysis. SPSS software, version 19 (SPSS Inc., 
Chicago, IL, USA) was used to perform the statistical analyses. 
The curative effect observation index was overall survival 
estimated with Kaplan-Meier curve analysis.

Results

Curative effect. A total of 8 patients succumbed to the disease 
within 3 months after gamma knife treatment and were not 

included in the evaluation of the curative effect. Among the 
remaining 61 patients, 8 had non-cancerous ascites, hepa-
tomegaly, a 2-fold increase in alkaline phosphatase levels 
and/or at least a 5-fold increase in transaminase levels, 
which it was diagnosed as radiation-induced liver disease 
(RILD), according to the diagnostic standards reported in 
the literature (6,7). A total of 7 patients achieved a complete 
response (CR), 29 achieved a partial response (PR), 24 had 
stable disease (SD) and 9 developed progressive disease (PD), 
including 5 cases of local progression and 4 of intrahepatic 
metastasis. The total effectiveness rate (CR + PR) was 59.0% 
(36/61), the intrahepatic metastasis rate was 14.8 % (9/61) and 
the incidence of RILD was 13.1% (8/61).

Survival analysis. The overall survival of patients with 
massive primary liver cancer following RT is shown in Fig. 4. 
The median survival was 17.4 months for all patients included 
in the study and the 1-, 2- and 3-year overall survival rates 
were 71, 30 and 22%, respectively.

Adverse reactions. The severity of the adverse reactions was 
scored for each patient using the National Cancer Institute 
(NCI) Common Toxicity Criteria (CTC), version 2.0 (6), the 
grading system of the Radiation Therapy Oncology Group 
(RTOG) (7), and the decrease in the white blood cell (WBC) 
and platelet (PLT) counts. Other widely used scoring systems 
include those of the RTOG and European Organization for 

Table I. Patient characteristics (n=69).

Characteristics N (%)

Gender
  Male 53 (76.8)
  Female 16 (23.2)
Age, years
  Median 54
  Range 28-89
T stage
  T1 8 (11.6)
  T2 12 (17.4)
  T3 21 (30.4)
  T4 28 (40.6)
PVTT 45 (65.2)
Tumor size, cm
  Mean 11.0 (9.0-21.0)
  Median 10.1
Child- Pugh class
  A 49 (71.0)
  B 15 (21.7)
  C 5 (7.3)
RT dose, Gy 
  Median 70.0 
  Range 69.4-70.6

PVTT, portal vein tumor thrombosis; RT, radiotherapy.
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Research and Treatment of Cancer, and the Late Effects 
Normal Tissue Task Force (8). These scales include four sepa-
rate elements, representing subjective, objective, management 
and analytical evaluation of injury (Table II).

As shown in Table III, 22 patients had acute liver adverse 
reactions classified according to NCI‑CTC 2.0 as grade 1 (n=5), 
grade 2 (n=13) and grade 3 (n=4). Treatment with compound 
glycyrrhizin injection was administered to these patients and 
the liver function returned to normal; however, in 8 cases the 
liver function did not recover and the patients succumbed to 
the disease 3 months after RT. A total of 57 patients exhibited 
digestive tract reactions classified by RTOG as grade 0 (n=15), 
1 (n=23) and 2 (n=19). A decrease in the WBC count was 
observed in 52 cases (grade 1 in 29 and grade 2 in 23 cases) 
and a decrease in the PLT count was observed in 35 cases 
(grade 1 in 24, grade 2 in 8 and grade 3 in 3 cases).

Discussion

Historically, the liver has been considered to be a relatively 
radiosensitive organ and it may be difficult to achieve the 
radiation doses required to eradicate gross tumors without 
causing RILD, which generally develops ~4-8 weeks 
following RT (9). The higher incidence of RILD in this study 
may be associated with the sizeable tumor and the single 
integral high dose and high total dose of RT. The cura-
tive effect of massive liver cancer was significant. As seen 
in Fig. 1, showing a pre- and post-treatment CT, the liver 
displayed a sizeable shadow prior to treatment, whereas the 
shadow completely disappeared following RT. The reason for 
this significant shrinking or disappearance of the tumor may 
be associated with high division of a single dose and the total 
dose.

Figure 1. Computed tomography images of a 28-year-old woman with hepatocellular carcinoma showing (A) a giant tumor (10x6 cm) in the liver (arrow) prior 
to radiotherapy and (B) disappearance of the tumor body, with no tumor metastasis ορ residual tumor after radiation treatment.

Figure 2. Images of a 28-year-old woman with hepatocellular carcinoma, 12-colour stand for various isodose lines of 2D chart of the planning target volume. 
The dose gradually increased from the peripheral circle to the center.
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Child‑Pugh classification, which was first introduced by 
the Child in 1964 (10), is commonly used to quantitatively 
assess liver reserve function in patients with cirrhosis. This 
classification divides patients in different groups based on 
five indicators (general status, ascites, serum bilirubin, serum 
albumin and prothrombin time) scored with 1, 2 and 3 points. 
The score of the five indicators is added (the lowest score is 
5 points and the highest score is 15 points) and liver reserve 
function is classed as A, B or C, indicating three different levels 
of severity of liver damage (the higher the score, the worse 

the liver reserve function). Patient prognosis is considered to 
be associated with liver function according to the Child-Pugh 
classification, with patients classed as Child‑Pugh A having a 
good prognosis.

Intermediate- or advanced-staged liver cancer patients 
may have cirrhosis and poor liver function, and the majority 
of patients who are not considered to be candidates for 
surgical treatment may receive comprehensive treatment. 
TACE has been considered as the standard optimal treat-
ment for unresectable primary liver cancer (11), but its 
curative effect is affected by the patient's general condition, 
tumor progression and blood supply of tumor tissue. As 
residual tumor cells remain in the majority of the lesions, the 
long-term outcome is not satisfactory (12). In recent years, 
TACE combined with conventional RT have achieved a good 
curative effect. Seong et al (13) reported 30 cases treated 
with TACE followed by conventional RT (normalized total 
dose, 44 Gy), and the reported results were a median survival 
of 17 months and a 3-year survival rate of 22.2%. In the 
present study, 69 patients with massive liver cancer (≥10 cm), 
advanced TNM stage, poor liver function and PVTT (45/61), 
were unable to receive conventional TACE treatment. In such 
cases, RT is considered the best palliative treatment option, 
but the patients' prognosis is poorer. Xiong et al (14) reported 
on 69 cases of massive HCC treated with 3D-CRT (fraction 
dose 4-8 Gy, for 7-15 times, to a total dose of 53.6±6.6 Gy). 
The 1-, 2- and 3-year survival rates were 41, 20 and 17%, 
respectively, but there was no analysis of the curative effect 
of RT combined with TACE. Therefore, the curative effect of 
TACE for massive liver cancer is not satisfactory, and data on 

Figure 4. Kaplan-Meier analysis of overall survival following stereotactic 
body radiotherapy for hepatocellular carcinoma.

Figure 3. Images of a 28-year-old woman with hepatocellular carcinoma. Three-dimensional chart of the (A) 40%, (B) 50% and (C) 60% isodose covering the 
planning target volume (PTV). (D) Isodose curve showing that 40, 50 and 60% of the isodose covered 96.2, 77.2 and 37.7% of the PTV, respectively (red box).
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the curative effect of TACE combined with RT have not yet 
been reported.

Super gamma knife SBRT is stereotactic radiosurgery 
combined with 3D-CRT technology. Compared with tradi-
tional body gamma knife accurate positioning, SBRT uses 
concentric dose control rings at different distances from the 
PTV, with the dose increasing from the outer to the inner ring. 
3D-CRT may be used for larger tumors, which is advanta-
geous in terms of increasing the target dose and protecting 
normal tissues. Due to the characteristics of the focus and the 
high dose, SBRT significantly improves the curative effect and 
reduces the incidence of the radiation reactions and the extent 
of normal tissue damage. Dang et al (15) reported the curative 
effect of SBRT on hepatic hilar carcinoma and confirmed that 
the technology of gamma knife treatment of primary liver 
cancer is a safe and reliable treatment, effective in improving 
patient survival. Normalized total dose (NTD) was defined 
as the biologically equivalent total dose, normalized to 2 Gy 
per fraction. The association of biologically effective dose 
(BED) with NTD is illustrated as NTD=BED/[1+d/(α/β)] (16). 
According to Fletcher (17), if α/β=10 Gy, conventional single 
dose (d)=2 Gy, the GTV dose should be as follows: When the 
NTD for small lesions was 60 Gy, the BED was 72 Gy, and 
when the NTD for tumors sized ≥10 cm was 50‑60 Gy, the 
BED was 60-72 Gy, as the dose gradually increased from the 

periphery to the center (Fig. 2). Although the NTD for tumors 
sized ≥10 cm is lower compared with the NTD for small 
lesions, the opposite stands for the dose to the central area 
of the tumor, as the single irradiation dose for tumors sized 
≥10 cm is higher compared with that for small lesions.

In this study, the dose to the periphery of the tumor was 
50-70 Gy, which was equivalent to an NTD of 65 Gy, but the 
dose to the central area of the tumor may reach >90 Gy. The 
therapeutic dose was lower than the conventional radiation 
dose. The total effectiveness rate (CR+PR) was 51% and the 
1-, 2- and 3-year overall survival rates were 45, 24 and 19%, 
respectively. The median survival was 13 months, which was 
superior to that with 3D-CRT, due to the high central dose. 
However, there was an increased incidence of adverse reac-
tions, such as acute liver toxicity and gastrointestinal reactions 
(27 and 73%, respectively), a 63% decrease in the WBC count 
and a 41% decrease in the PLT count.

Although gamma knife treatment for massive HCC 
appears to be effective, its curative effect is not satisfactory. 
As the majority of the patients are at an advanced stage, with 
compromised liver function and poor general status, only few 
patients may be suitable candidates for gamma knife treat-
ment. Further research for methods to improve the curative 
effect of treatment is required.
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