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Clinical research on alternating hyperfraction radiotherapy
for massive hepatocellular carcinoma
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Abstract. The delivery of high tumoricidal doses of radia-
tion with low rates of toxicity is of particular significance for
massive hepatocellular carcinoma (HCC) radiotherapy. In
order to observe the efficacy and adverse reactions of alter-
nating hyperfraction radiotherapy treatment of massive HCC,
seventy-two cases of massive HCC were randomly divided
into two groups, group A and group B. The liver lesions
of group A were divided into sublesions and treated with
alternating hyperfraction radiotherapy [intensity modulated
radiotherapy (IMRT)]. The interval between radiotherapy
to the sublesions was a minimum of six hours. The average
radiotherapy dose to the sublesions was 2 Gy/fraction, once a
day, five times per week, treating the gross tumor volume with
a total dose of 40-50 Gy, and the clinical target volume with
a total dose of 30-40 Gy. By contrast, the lesions of group B
were not divided into sublesions for the IMRT treatment, but
were treated with an otherwise identical protocol, by 2 Gy/frac-
tion, once a day, five times per week, and with the same total
dose. Patients were followed up with regular blood tests, liver
function tests, measurements of serum a-fetoprotein levels and
contrast-enhanced magnetic resonance imaging (MRI) of the
liver. Treatment responses were assessed every 3 months by
MRI. The results revealed that the overall response rates of
the two groups were 82.9 and 81.3%, respectively (P=0.864).
The alternating hyperfraction radiotherapy protocol resulted
in enhanced survival (P=0.002). The median survival time
of the two groups was 9.7 and 6.5 months, respectively. The
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overall 6-month, 1-year, 2-year and 3-year survival rates
of the two groups were 62.9 and 59.4% (P=0.770), 48.6 and
21.9% (P=0.040), 17.1 and 0.0% (P=0.025) and 2.9 and 0.0%
(P=1.000), respectively. The I-II degree of abnormal liver func-
tion and radiation-induced liver disease of group B was higher
than that of group A (P=0.021 and 0.046, respectively). In
addition, the incidence rate of radiation-induced liver injury of
group A was lower than that of group B. Therefore, treatment
of massive HCC with alternating hyperfraction radiotherapy
improved the quality of life and prolonged the overall survival
time, compared with conventional IMRT, suggesting that it
was an effective radiation pattern.

Introduction

Primary hepatocellular carcinoma (HCC) is the third most
common cause of cancer-associated death worldwide, with
85% of cases occurring in developing countries. Primary HCC
has also become the fastest growing cause of cancer-associated
death in the United States of America (1,2). HCC is classified
into four subtypes: Massive, nodular, diffuse and small HCC,
among which the massive type (=10 cm) is most common (3).
Surgery is the curative modality of treatment for patients
presenting with a solitary lesion without vascular invasion,
and with sufficient underlying liver function (4). However,
due to the large volume of massive HCC lesions, major blood
vessels, including the portal vein, hepatic artery and vena cava
are frequently invaded (5). In addition, the majority of patients
with HCC suffer from cirrhosis or abnormal liver function,
which may also result in difficulties for surgical interven-
tion (6). Thus, in the majority of massive HCC cases, surgery is
unfeasible due to the disease burden or location, comorbidities
or inadequate functional liver reserve (4).

Despite the fact that liver tumors are sensitive to the effects
of radiation, traditional radiotherapy has not had a significant
role in the treatment of HCC. This is primarily due to the
challenges associated with the delivery of a sufficient dose
of radiation to the target to be tumoricidal, without inducing
significant toxicity (7). Following the development of modern
stereotactic radiotherapy techniques, the safe delivery of radia-
tion to the liver has become more achievable, and radiotherapy
has had a growing role in the local treatment of HCC (6,8,9).
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However, due to the large volume of massive HCC lesions and
the poor radiation tolerance of normal liver tissue, increasing
the radiation dose has remained an issue and thus the curative
effect of radiotherapy is limited (10). Therefore, the delivery
of higher tumoricidal radiation doses to focal HCC, with low
rates of toxicity is a desirable development to improve existing
treatments (11). In the present study, alternating hyperfraction
radiotherapy was compared with regular intensity modulated
radiotherapy (IMRT) treatment in the treatment of patients
with massive HCC. The results may provide evidence for the
development of a novel radiotherapy treatment strategy for
massive HCC.

Materials and methods

Patient characteristics. The present prospective study of
alternating hyperfraction radiotherapy for patients with
massive HCCs was approved by the ethics committee of the
Fifth Hospital of Wuhan (Wuhan, Hubei, China) and was
initiated in May 2008. Written informed consent was obtained
from the patients for participation in the study. Massive HCCs
were defined as those with a maximum tumor diameter of
=10 cm (12-14). The 72 patients, recruited between May 2008
and June 2011 at the Fifth Hospital of Wuhan, comprised
40 males and 32 females, with an age range of 38-65 years,
and a mean age of 54.2 years. The tumor sizes, determined
using contrast-enhanced magnetic resonance imaging (MRI;
Achieva 1.5T, Philips Medical Systems, Best, Netherlands)
by the radiologist, were 10-20 cm in diameter. The eligibility
criteria for patients were: Karnofsky performance status
score, =70 (15); Child-Pugh class, A or B (16); serum glutamic
pyruvic transaminase, <100 U/l; serum glutamic-oxaloacetic
aminotransferase, <100 U/I; serum total bilirubin, <170 pmol/I;
ultrasonic examination without massive ascites and an absence
of intrahepatic metastasis or other distant metastasis.

Radiotherapy equipment. An Elekta electron linear precise
accelerator [configuration iView-GT portal imaging verifi-
cation system, 40 pairs of electric MLC; Elekta AB (Publ),
Stockholm, Sweden], Xinhua SL-11 simulator (Shandong
Xinhua Medical Instrument Co., Ltd, Shandong, China),
Philips 64-slice spiral computed tomography scanner
(Brilliance 64, Philips Medical Systems), Elekta Precise
three-dimensional (3D) treatment planning system [Elekta AB
(Publ)], immobilization vacuum pad (Shanghai Gerui Co.,
Ltd, Shanghai, China) and an abdominal bandage (Hengshui
Runde Medical Instrument Co., Ltd, Hebei, China) were used
in the present study.

Radiotherapy treatment protocol. The patients were randomly
divided into two groups (n=36): group A and group B. For the
alternating hyperfractionated intensity modulated conformal
radiotherapy treatment (group A), the liver lesion was divided
into two sublesions, gross tumor volume (GTV)1 and GTV2,
based on the anatomical features of the tumor. The interval
between the radiotherapy treatment of the GTV1 and GTV2
sublesions was =6 h, to avoid radiation hot spots. The average
radiotherapy dose of the sublesions was 2 Gy/fraction, once a
day, five times per week for 4-5 weeks. The GTV received a
total dose of 40-50 Gy, and the clinical target volume (CTV)

LONG et al: ALTERNATING HYPERFRACTION RADIOTHERAPY FOR MASSIVE HCC

received a total dose of 30-40 Gy. For the regular intensity
modulated conformal radiotherapy group (group B), the liver
lesions were treated with intensity modulated radiotherapy
(IMRT) at a dose of 2 Gy/fraction, once a day, five times per
week for 4-5 weeks. The GTV was treated with a total dose
of 40-50 Gy, and the CTV received a total dose of 30-40 Gy.
Radiotherapy was performed with the aforementioned Elekta
electron linear accelerator and precise treatment planning
system. The abdominal bandage was used to control breathing
during radiotherapy, in order to reduce tumor motion. Target
volume delineation was performed by the same doctor and
medical physicist for all patients. To perform palliative radio-
therapy, an electronic image treatment verification system
[Elekta AB (Publ)] was used to improve the precision. Based
on the CTV, the crown sagittal axis of the planning target area
(PTV) was extended outwards by 3 mm and the long axis of the
body was extended outwards by 5 mm. In total, 7-9 irradiation
fields were designed, and 85-90% of the isodose curve covered
the PTV. Protection was provided for the normal liver and
adjacent organs (stomach, duodenum, pancreas, kidneys) as
much as possible, using the Elekta Precise 3D treatment plan-
ning system. During radiotherapy, the patients were treated
with liver protection drugs glutathione (1.2-1.8 g/day) and
magnesium isoglycyrrhizinate (0.1-0.3 g/day). Regular inspec-
tions of peripheral blood and liver function were conducted
during the course of treatment.

Follow up. Patients were monitored over the 2-3 months
following treatment, and trimonthly thereafter. Regular blood
tests, liver function tests, measurements of serum a-fetoprotein
(AFP) and contrast-enhanced MRI (Achieva 1.5T, Philips
Medical Systems) of the liver were performed at every
follow-up appointment. Treatment responses were evaluated by
MRI every 3 months, using the modified Response Evaluation
Criteria in Solid Tumors (17). The treatment responses were
defined as follows: Complete regression (CR), total disap-
pearance of the tumor; partial regression (PR), a decrease
of >50% of the tumor size; stable disease (SD), a decrease of
<50% of the tumor or no change in tumor volume; progres-
sive disease (PD), tumor progression (18). Adverse reactions
to radiotherapy were evaluated by the standard criteria of the
American Radiation Therapy Oncology Group (19). Survival
was evaluated from the date of commencement of the treat-
ment (20). The follow-up was completed in June 2014.

Statistics analysis. SPSS 17.0 statistical software (SPSS, Inc.,
Chicago, IL, USA) was used for statistical analysis. Effective
rates, survival rates and the incidence of adverse reactions
were analyzed using the y* test. The Kaplan-Meier method
was used to estimate survival rates, and the log-rank test was
used to compare differences in survival. A two-sided P<0.05
was considered to indicate a statistically significant difference.

Results

Treatment outcomes. One patient in group A was unable to
complete the radiotherapy treatment due to upper gastrointes-
tinal hemorrhage. Four patients in group B did not complete
the radiotherapy course as a result of severe reactions. The
follow-up rate was 100% amongst the remaining patients. The
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Table I. The changes in serum AFP of groups A (n=35) and B (n=32) to radiotherapy.

Serum AFP (mean + SD), ug/l

Group Before treatment After treatment P-values
A 557.78+142.08 286.62+114.81 <0.0001
B 547.02+151.01 299.67+115.03 <0.0001

Group A, alternating hyperfraction radiotherapy; Group B, regular intensity modulated radiotherapy. AFP, a-fetoprotein; SD, standard de-
viation.

Table I1. Treatment responses of groups A (n=35) and B (n=32) to radiotherapy.

Patients, % (n)

Treatment response Group A Group B P-value
CR 572 3.1 ()

PR 28.6 (10) 219 (7)

SD 48.6 (17) 56.3 (18)

PD 17.1 (6) 18.7 (6)

CR+PR+SD 82.9 (29) 81.3 (26) 0.864

Group A, alternating hyperfraction radiotherapy; Group B, regular intensity modulated radiotherapy. CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease.

Table III. Adverse reactions of groups A (n=35) and B (n=32) to radiotherapy.

Adverse reaction® Group A, % (n) Group B, % (n) P-values
I-1I degree gastrointestinal reactions 82.9 (29) 81.3 (26) 0.864
I-1I degree abnormal liver function 629 (22) 87.5 (28) 0.021
I-1I degree myelosuppression 65.7 (23) 719 (23) 0.587
Radiation-induced liver disease 114 4) 31.3(10) 0.046

*According to the standard criteria of the American Radiation Therapy Oncology Group (19). Group A, alternating hyperfraction radiotherapy;
Group B, regular intensity modulated radiotherapy.

results of the follow-up 2-3 months subsequent to treatment 1.0

revealed that the average values of serum AFP for groups A = 0.8

and B were 286.62+114.81 and 299.67+115.03 ug/l, respec- z

tively, compared with 557.78+142.08 and 547.02+151.01 ug/l, f 0.6 1

respectively, prior to treatment. The changes in serum AFP of 2 Group A

the two groups were statistically significant (P=0.000; Table I). = L (n=35)

The total effective rate of treatment was 82.9% (29/35) in £ 02 G(;c:;pz?

group A, and the CR, PR, SD and PD rates were 5.7 (2/35), o

28.6 (10/35), 48.6 (17/35) and 17.1% (6/35), respectively. In 0 . . . . .
group B, the total effective rate was 81.3% (26/32), and the CR, 0.00 10.00 20.00 ~ 30.00 40.00
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PR, SD and PD rates were 3.1 (1/32), 21.9 (7/32), 56.3 (18/32)
and 18.7% (6/32), respectively. The overall response rates of Figure 1. Survival times of patients in group A are longer than those of
the two groups were equivalent (P=0.864; Table II). group B. Kaplan-Meier curves of survival durations of patients with mas-

The follow-up ended in June 2014. The median survival sive HCC following alternating hyperfraction radiotherapy (group A) and

time of patients in eroup A was 9.7 months. compared with regular IMRT (group B). Survival durations were significantly longer in
P group : ’ p patients receiving alternating hyperfraction radiotherapy (median survival,

6.5 months in those of group B. The survival time of group A 9.7 months) than those receiving regular IMRT radiotherapy (median sur-
was significantly longer than that of group B (P=0.002; Fig. 1).  vival, 6.5 months; P=0.002). IMRT, intensity modulated radiotherapy.
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The 6-month, 1-year, 2-year and 3-year overall survival rates
of the two groups were 62.9 and 59.4% (P=0.770), 48.6 and
21.9% (P=0.040), 17.1 and 0.0% (P=0.025) and 2.9 and 0.0%
(P=1.000), respectively.

Treatment-associated toxicity. The major toxic effects of radio-
therapy during the treatment were gastrointestinal reactions,
abnormal liver function and myelosuppression. The I-II degree
gastrointestinal reactions and I-II degree myelosuppression of
the two groups were similar (Table IIT). However, the I-II degree
of abnormal liver function and radiation-induced liver disease
(RILD) of group B were significantly higher than that of
group A (P=0.021 and 0.046, respectively; Tables I and III).
RILD was determined by an elevation of alkaline phosphatase
level of =2-fold and/or elevated transaminases of =4-fold the
upper limit of normal levels (18).

Discussion

HCC is one of the most common types of cancer worldwide,
and it is frequently not diagnosed until an advanced stage when
the majority of potentially curative therapies, for example
resection, transplantation or transarterial interventions, are of
limited efficacy (21,22). Previously, due to the low tolerance
of normal liver tissues to radiation, the use of radiotherapy
for the treatment of HCC has been limited (23). Following the
development of modern computers and medical imaging tech-
nology, radiation therapy of tumors has entered a novel era of
3D conformal radiotherapy (3D-CRT). 3D-CRT ensures that
the target receives identical high-dose conformal irradiation,
so that the radiation dose to the surrounding normal tissue is
markedly reduced, thereby generating the conditions for the
incremental target area (24). It was demonstrated that there
was a dose-response association in local radiotherapy for
primary HCC, and thus 3D-CRT may potentially be used for
the treatment of primary HCC (25,26). In addition, stereotactic
body radiotherapy has emerged as a viable treatment option
for patients with liver tumors unsuitable for surgery, liver
transplantation, or radiofrequency ablation (20).

Recently, radiotherapy technology has evolved from
3D-CRT to a more advanced form, termed IMRT, which
facilitates the application of a substantial dose of radiation
to a tumor whilst avoiding damage to local radiosensitive
organs (27). IMRT may enhance the quality of radiation plans
by utilizing an inverse planning algorithm to generate complex
spatial dose distributions and, therefore, conform more closely
to the target volume (27). It was demonstrated that IMRT
may be an effective treatment for locally advanced HCC,
which provides survival benefit without increasing severe
toxicity (25). IMRT achieved a significantly higher conformal
index and lower hot spot values than those of 3D-CRT (26).
However, it was reported that, for tumors of diameter >8 cm,
the value of mean dose for 3D-CRT was lower than that of
IMRT, indicating that 3D-CRT was a more suitable strategy
for the treatment of larger tumors (28). For massive HCC,
a larger volume of normal liver is irradiated, and thus the
majority of patients suffer from cirrhosis and abnormal liver
function. This makes it more difficult to deliver high-dose
radiation to the localized tumor area without significantly
damaging the surrounding normal liver tissue. Thus, dose and
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volume reduction for the normal liver is required in order to
improve the effects of radiotherapy for massive HCC. In addi-
tion, HCC is an early response tissue, whereas normal liver
is a late response tissue (29). According to the principle of
radiobiology, in order to reduce the radiation damage to the
normal liver, the split dose should generally be <2 Gy (30).

In the present study, the massive liver lesions of group A
were divided into sublesions, GTV1 and GTV2, and alternating
hyperfraction IMRT was designed to treat massive HCC. The
interval of the radiotherapy to the sublesions was =6 h. The
average radiotherapy dose to the sublesions was 2 Gy/fraction,
once a day, five times per week, with a total dose of 30-40 Gy.
The results revealed that the alternating hyperfraction radio-
therapy treatment strategy resulted in enhanced survival rates
and reduced risk of I-II degree of abnormal liver function and
RILD. The alternating hyperfraction IMRT protocol may
alleviate the overall damage to the normal liver by reducing
the radiation exposure and providing a greater period of
time for repair, whilst ensuring the successful completion of
radiotherapy for the tumor. In addition, an abdominal bandage
was used to control breathing during radiotherapy in order
to reduce tumor motion, thereby circumventing additional
radiation-induced normal liver injury. Therefore, alternating
hyperfraction provides an improved radiation pattern for the
treatment of massive HCC. RILD is the most severe complica-
tion induced by radiotherapy, and may result in hepatic failure
and death. Furthermore, it has been demonstrated that HCC
may be more safely treated with spot-scanning proton therapy,
in order to reduce the risk of RILD, particularly if the nominal
tumor diameter is >6.3 cm (31). Therefore, this alternating
hyperfraction radiotherapy method may offer more effective
outcomes for the treatment of HCC in the future.

In conclusion, the present study revealed that, compared
with intensity modulated radiotherapy, the use of alternating
hyperfraction radiotherapy may reduce the incidence rate of
radiation-induced liver injury, improve patient quality of life
and prolong the survival time, suggesting that it is an effective
radiation pattern for the treatment of massive HCC.
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