
HCC is closely associated with hepatitis B 
and C virus (HBV and HCV) infection, 
and most HCC patients have liver cir-
rhosis (LC), a condition that limits treat-
ment options. Surgical resection and liv-
er transplantation are restricted to few-
er than 20 % of patients due to the multi-
focality of HCC development in cirrhot-
ic livers, advanced tumor stage and/or 
poor hepatic function at diagnosis, and a 
shortage of graft donors. Ablative inter-
ventional techniques, including radiofre-
quency ablation (RFA) and percutane-
ous ethanol injection (PEI), are not suit-
able for patients with large tumors, bleed-
ing tendencies, or unfavorable anatom-
ic tumor locations. Transcatheter arteri-
al chemoembolization (TACE) is one of 
the most popular and effective nonsur-
gical treatments, especially for multifo-
cal tumors [1], but its radical effects are 
limited histopathologically [2]. Recently, 
targeted agents have shown activity in pa-
tients with HCC [3, 4], but are unlikely to 
be associated with cure in the absence of 
local treatments. Thus, there is a need for 
effective and less invasive local treatment 
modalities.

The technical advances of radiother-
apy (RT) planning systems using com-
puted tomography (CT) and computer 
technology, such as 3-dimensional con-
formal RT (3D-CRT), have made possi-
ble the conformal delivery of radiation to 
the focal tumor, thus, reducing the risk of 
toxicity. In addition, RT has been shown 
effective in treating HCC [5–8] and has, 
therefore, been incorporated into prac-

tice guidelines for the nonsurgical man-
agement of HCC [9]. It recommended 
that RT could be applied for HCC patients 
with or without PVTT who were treated 
incompletely by TACE and other local 
treatments or were not suitable [9]. Inten-
sity-modulated radiotherapy (IMRT) is a 
type of RT in which radiation beams can 
be modulated to deliver a high dose to the 
tumor, while reducing the dose to the sur-
rounding normal tissues. Conceptually, 
besides the conformal dose distribution, 
IMRT can exploit the potential biological 
advantages of accelerated forms of RT, 
known as SIB-IMRT (simultaneous in-
tegrated boost IMRT), in which different 
doses can be delivered to different targets 
at the same time. That is, a higher dose 
can be delivered to the gross tumor vol-
ume (GTV), while a lower dose is deliv-
ered to areas of subclinical disease at the 
same time. The potential advantage of this 
accelerated fractionation is to improve tu-
mor control by reducing the accelerated 

repopulation of tumor clonogenic cells by 
shortening overall treatment time. Based 
on this background, patients with inoper-
able HCC have been treated at our institu-
tion by RT using the SIB-IMRT technique 
since May 2010. This study was designed 
to retrospectively analyze the clinical out-
comes of SIB-IMRT in these patients and 
to evaluate the clinical efficacy and safety 
of this method.

Patients and methods

Patients

This study included 53 patients with in-
operable HCC who underwent SIB-IMRT 
between May 2010 and April 2012. The 
inclusion criteria were (1) pathological-
ly (n = 11) or clinically (n = 42) diagnosed 
with HCC, based on the guidelines of the 
Korean Liver Cancer Study Group and 
the National Cancer Center [9] ([i] his-
tological confirmation; [ii] the presence 
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Fig. 1 8 Definition of target volumes in the a high dose-fractionation and b low dose-fractionation 
groups. GTV gross tumor volume, ITV internal target volume, and PTV planning target volume
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Table 1 Patient characteristics

Total Low dose-fractionationa High dose-fractionationb p value

Characteristics n (%) n (%) n (%)

Gender Male 49 (92.4) 39 (95.1) 10 (83.3) 0.217c

Female 4 (7.6) 2 (4.9) 2 (16.7)

Age, years Median (range) 59 (39–79) 56 (39–79) 64 (41–78) 0.095d

< 60 29 (54.7) 25 (61) 4 (33.3) 0.111c

≥ 60 24 (45.3) 16 (39) 8 (66.7)

ECOG PS 0 46 (86.8) 37 (90.2) 9 (75) 0.183c

1 7 (13.2) 4 (9.8) 3 (25)

Etiology of LC HBV 41 (77.3) 34 (82.9) 7 (58.3) 0.087c

HCV 6 (11.3) 4 (9.8) 2 (16.7)

Alcoholic 3 (5.7) 1 (2.4) 2 (16.7)

Unknown 3 (5.7) 2 (4.9) 1 (8.3)

Child–Pugh score 5 38 (71.7) 28 (68.3) 10 (83.3) 0.624c

6 12 (22.6) 10 (24.4) 2 (16.7)

7 3 (5.7) 3 (7.3) 0 (0)

AFP, IU/ml Median (range) 41.9 (3.3–234,638) 64.1 (3.3–234,638) 28.4 (5.6–1314.7) 0.082d

< 50 27 (50.9) 19 (46.3) 8 (66.7) 0.327c

≥ 50 26 (49.1) 22 (53.7) 4 (33.3)

Tumor size, cm Median (range) 5.5 (1.6–16) 6.0 (1.6–16) 3.4 (1.8–5.5) < 0.001d

≤ 5 22 (41.5) 12 (29.3) 10 (83.3) 0.002c

> 5 31 (58.5) 29 (70.7) 2 (16.7)

Site of vascular invasion No 18 (34.0) 8 (19.5) 10 (83.3) < 0.001c

2nd br. 14 (26.4) 12 (29.3) 2 (16.7)

Main and 1st br. 21 (39.6) 21 (51.3) 0 (0)

PVTT No 27 (50.9) 16 (39.0) 11 (91.7) 0.002c

2nd br. 8 (15.1) 7 (17.1) 1 (8.3)

Main and 1st br. 18 (34.0) 18 (43.9) 0 (0)

mUICC stage II 9 (17.0) 1 (2.4) 8 (66.6) < 0.001c

III 11 (20.7) 9 (22) 2 (16.7)

IVA 33 (62.3) 31 (75.6) 2 (16.7)

Previous treatment No 3 (5.7) 3 (7.3) 0 (0) 1.000c

Yes 50 (94.3) 38 (92.7) 12 (100)

TACE 36 (72) 29 (76.3) 7 (58.3)

TACE + RFA or PEIT 6 (12) 4 (10.5) 2 (16.7)

TACE + sorafenib 6 (12) 4 (10.5) 2 (16.7)

SR + TACE 1 (2) 0 (0) 1 (8.3)

Sorafenib 1 (2) 1 (2.7) 0 (0)

Concurrent sorafenib No 48 (90.6) 37 (90.2) 11 (91.7) 1.000c

Yes 5 (9.4) 4 (9.8) 1 (8.3)

Post-RT treatment No 29 (54.7) 22 (53.7) 7 (58.3) 1.000c

Yes 24 (45.3) 19 (46.3) 5 (41.7)

TACE   12 (50)   10 (52.6)   2 (40)

Sorafenib   10 (41.7)   9 (47.4)   1 (20)

SR   2 (8.3)   0 (0)   2 (40)
LC liver cirrhosis, HBV hepatitis B virus, HCV hepatitis C virus, AFP α-fetoprotein, ECOG Eastern Cooperative Oncology Group, PS performance status, br. branch, mUICC 
stage modified International Union Against Cancer stage [10], RT radiotherapy, TACE transarterial chemoembolization, RFA radiofrequency ablation, PEIT percutaneous 
ethanol injection treatment, SR surgical resection
aLow dose-fractionation = total doses of 55 Gy (the equivalent dose in 2 Gy fraction [EQD2], 57.3 Gy10) and 44 Gy (EQD2, 44 Gy10) in 22 fractions to the PTV1 and PTV2,  
respectively
bHigh dose-fractionation = total doses of 66 Gy (EQD2, 71.5 Gy10) and 55 Gy (EQD2, 57.3 Gy10) in 22 fractions to the PTV1 and PTV2, respectively
cFisher’s exact test, two-tail
dt-test
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of risk factors including HBV, HCV, or 
LC, a serum α-fetoprotein [AFP] lev-
el ≥ 200 IU/ml, and an HCC-compatible 
radiological feature on one or more im-
aging modalities, such as CT, magnetic 
resonance imaging [MRI], and/or angi-
ography; or [iii] the presence of risk fac-
tors including HBV, HCV, or LC, a serum 
AFP < 200 IU/ml, and an HCC-compat-
ible radiological feature on two or more 
modalities), (2) naïve tumor to treatment, 
or had recurrent or residual tumor after 
treatment, which other treatments such as 
surgery, TACE, and RFA were considered 
unsuitable or ineffective, (3) no previous 
or concurrent malignancy, and (4) no ev-
idence of distant metastasis. Portal vein 
tumor thrombosis (PVTT), present in 
26 patients, was identified on contrast-en-
hanced CT by the presence of a low-atten-
uation intraluminal filling defect adjacent 
to the primary tumor. HCCs were classi-
fied according to the modified Interna-
tional Union Against Cancer staging clas-
sification [10]. The study was performed 
in accordance with the guidelines of our 
institutional review board, which deemed 
that informed consent was not required 
because the study was retrospective.

Pretreatment evaluation 
and treatment planning

All patients underwent blood tests, in-
cluding measurements of blood cell 
counts, liver and renal function tests, ti-
ters of HBV and HCV and AFP. Liver 
dynamic enhanced CT and/or MRI was 
used to evaluate the extent of HCC. For 
RT planning, patients were placed in the 
treatment position (generally, supine with 
their arms above their head) and immobi-
lized using an arm-up holder to improve 
setup reproducibility. CT images were ac-
quired over ten respiratory phases, with 
2.5 mm slice thicknesses, under shallow 
respiration using a four-dimensional CT 
simulator (Light-Speed RT, GE Health-
care, Waukesha, WI, USA). All CT imag-
es were transferred to a treatment plan-
ning system (Eclipse, version 8.0; Vari-
an Medical System, Palo Alto, CA, USA), 
and contours for targets and organs at risk 
were drawn. The definition of target vol-
umes are illustrated in . Fig. 1. The gross 
tumor volume (GTV) included all detect-

Abstract · Zusammenfassung

Strahlenther Onkol 2014 ∙ 190:882–890 DOI 10.1007/s00066-014-0643-z
© Springer-Verlag Berlin Heidelberg 2014

T. H. Kim · J.-W. Park · Y.-J. Kim · B. H. Kim · S. M. Woo · S. H. Moon · S. S. Kim · W. J. Lee ·  
D. Y. Kim · C.-M. Kim

Simultaneous integrated boost-intensity modulated 
radiation therapy for inoperable hepatocellular carcinoma

Abstract
Purpose. The aim of this work was to evalu-
ate the clinical efficacy and safety of simulta-
neous integrated boost-intensity modulated 
radiation therapy (SIB-IMRT) in patients with 
inoperable hepatocellular carcinoma (HCC).
Methods and materials. A total of 53 pa-
tients with inoperable HCC underwent SIB-
IMRT using two dose-fractionation schemes, 
depending on the proximity of gastrointes-
tinal structures. The 41 patients in the low 
dose-fractionation (LD) group, with inter-
nal target volume (ITV) < 1 cm from gastro-
intestinal structures, received total doses of 
55 and 44 Gy in 22 fractions to planning tar-
get volume 1 (PTV1) and 2 (PTV2), respective-
ly. The 12 patients in the high dose-fraction-
ation (HD) group, with ITV ≥ 1 cm from gas-
trointestinal structures, received total dos-
es of 66 and 55 Gy in 22 fractions to the PTV1 
and PTV2, respectively.
Results. Overall, treatment was well tolerat-
ed, with no grade > 3 toxicity. The LD group 

had larger sized tumors (median: 6 vs. 3.4 cm) 
and greater frequencies of vascular inva-
sion (80.6 vs. 16.7 %) than patients in the HD 
group (p < 0.05 each). The median overall sur-
vival (OS) was 25.1 months and the actuarial 
2-year local progression-free survival (LPFS), 
relapse-free survival (RFS), and OS rates were 
67.3, 14.7, and 54.7 %, respectively. The HD 
group tended to show better tumor response 
(100 vs. 62.2 %, p = 0.039) and 2-year LPFS 
(85.7 vs. 59 %, p = 0.119), RFS (38.1 vs. 7.3 %, 
p = 0.063), and OS (83.3 vs. 44.3 %, p = 0.037) 
rates than the LD group. Multivariate analysis 
showed that tumor response was significant-
ly associated with OS.
Conclusion. SIB-IMRT is feasible and safe for 
patients with inoperable HCC.

Keywords
Liver neoplasms · Radiotherapy · 
Radiotherapy, intensity-modulated · 
Treatment outcome · Liver cirrhosis

Intensitätsmodulierte Radiotherapie mit simultanem 
integriertem Boost beim inoperablen hepatozellulären Karzinom

Zusammenfassung
Zielsetzung. Ziel der Arbeit war es, die klini-
sche Wirksamkeit und die Sicherheit der in-
tensitätsmodulierten Radiotherapie mit si-
multanem integriertem Boost (SIB-IMRT) für 
Patienten mit einem inoperablen hepatozel-
lulären Karzinom (HCC) zu evaluieren.
Methode und Material. Bei 53 Patienten 
mit inoperablem HCC wurden zwei unter-
schiedliche Dosierungskonzepte je nach La-
gebeziehung des internen Target-Volumens 
(ITV) zum gastrointestinalen (GI-)Trakt einge-
setzt: Hochdosiskonzept (HD) und Niedrigdo-
siskonzept (LD). Bei 41 Patienten in der LD-
Gruppe mit < 1 cm Abstand des ITV zum GI-
Trakt wurden auf PTV1 55 Gy und auf PTV2 
44 Gy in 22 Fraktionen appliziert. Bei 12 Pa-
tienten in der HD-Gruppe mit ≥ 1 cm Abstand 
wurden 66 und 55 Gy in 22 Fraktionen auf 
PTV1 und PTV2 gegeben.
Ergebnisse. Die Behandlung wurde gut ver-
tragen und es wurden keine Toxizitäten > 
Grad 3 beobachtet. In der LD-Gruppe waren 
die Tumoren größer und hatten häufiger eine 

Gefäßinfiltration als in der HD-Gruppe (Me-
dian 6,0 vs. 3,4 cm und 80,6 vs. 16,7 %; jeweils 
p < 0,05). Die mediane Gesamtüberlebens-
zeit (mOS) betrug 25,1 Monate. Die 2-Jahres-
Überlebensraten des lokalen progressions-
freien Überlebens (2J-LPFS), des rezidivfreien 
Überlebens (2J-RFS) und des 2J-OS lagen bei 
jeweils 67,3, 214,7 und 54,7 %. Die HD-Grup-
pe zeigte ein besseres Ansprechen (100 vs. 
62,2 %, p = 0,039) und 2J-LPFS (85,7 vs. 59 %, 
p = n.s.), 2J-RFS 38.1 vs. 7,3 %, p = 0,063) und 
2J-OS (83,3 vs. 44,3 %, p = 0,037) im Vergleich 
zur LD-Gruppe. Die multivariate Analyse zeig-
te, dass die Ansprechsrate signifikant mit 
dem OS korrelierte.
Schlussfolgerung. Das vorgestellte SIB-
IMRT-Konzept ist machbar und sicher für Pa-
tienten mit einem inoperablen HCC.

Schlüsselwörter
Lebertumor · Radiotherapie · 
Radiotherapie, intensitätsmodulierte · 
Behandlungsergebnis · Leberzirrhose
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able tumors, as determined by CT and/
or MRI. An internal target volume (ITV) 
was obtained by summing the GTVs of 
all respiratory motion phases. Because 
several clinicopathologic studies showed 
that microscopic satellite lesions of HCC 
could be detected 5–10 mm around the 
gross tumor[11–13], the planning target 
volume 1 (PTV1) and 2 (PTV2) includ-
ed the ITV and PTV1 plus a 5 mm mar-
gin in all directions, respectively, and an 
additional 2–5 mm margin to both PTVs 
in the craniocaudal direction was includ-
ed to compensate for uncertainties result-
ing from respiratory liver motion. In case 
that the PTV1 was close to the gastroin-
testinal structures, the gastrointestinal 
structures should be spared at least 5 mm 
from the PTV1 to avoid acute gastroin-
testinal toxicity. SIB-IMRT planning was 
performed using five coplanar or non-co-
planar beams of 6 MV photons. The treat-
ment was designed so that at least 95 % of 
the PTV would receive 100 % of the pre-
scribed dose, and such that a contiguous 
volume of no more than 2 cm3 inside the 
PTV would receive no more than 125 % of 
the prescribed dose. The equivalent dose 
in 2 Gy fraction (EQD2, Gy10), calculat-
ed using a linear quadratic model with 
α/β ratios of 10 for acute effects on tu-
mor and OARs, was used for normal tis-
sue constraints. The maximum dose to 
the spinal cord could not exceed 45 Gy10; 
the relative volumes of the total and re-
maining normal liver that received doses 
of 30 Gy10 (TLV30 and RNLV30) were be-
low 60 and 50 %, respectively; the abso-
lute volumes of the esophagus and stom-
ach that received at least 55 Gy10 were 
≤ 2 cm3; and the absolute volumes of the 
small and large bowel that received at least 
50 Gy10 were ≤ 2 cm3. Two SIB-IMRT 
dose-fractionation schemes were de-
signed, depending on the closeness of gas-
trointestinal structures. The 41 patients in 

the low dose-fractionation (LD) group, 
with ITV < 1 cm from gastrointestinal 
structures, received total doses of 55 Gy 
(EQD2: 57.3 Gy10) to the PTV1 and 44 Gy 
(EQD2: 44 Gy10) to the PTV2 in 22 frac-
tions, 5 fractions/week. The 12 patients in 
the high dose-fractionation (HD) group, 
with ITV ≥ 1 cm from gastrointestinal 
structures, received total doses of 66 Gy 
(EQD2: 71.5 Gy10) to the PTV1and 55 Gy 
(EQD2: 57.3 Gy10) to the PTV2 in 22 frac-
tions, 5 fractions/week. At each treatment 
fraction, to verify the patients’ position 
and the isocenter, digital orthogonal flu-
oroscopic images were obtained and com-
pared with treatment planning images by 
overlapping the diaphragm, bony land-
marks, and/or internal markers (e.g., em-
bolic iodine, surgical clip) (n = 50).

Follow-up and statistical 
considerations

During treatment, acute treatment-re-
lated toxicities were assessed weekly in 
all patients and scored using Common 
Terminology Criteria for Adverse Events 
software version 3.0 (CTCAE v3.0). After 
completion of SIB-IMRT, patients were 
followed up every 3 months for the first 
2 years and every 6 months thereafter. 
Follow-up evaluations consisted of phys-
ical examination, complete blood count, 
liver-function testing, chest radiography, 
and liver dynamic enhanced CT or MRI.

Tumor responses were determined 
by comparison of CT scans before and 
3 months after SIB-IMRT using the mod-
ified Response Evaluation Criteria in 
Solid Tumors criteria (mRECIST) [14]. 
Complete response (CR) was defined as 
the disappearance of the primary tumor. 
Partial response (PR) was defined as a de-
crease of at least 30 % in the longest di-
ameter of the primary tumor. Progres-
sive disease (PD) was defined as an in-

crease of at least 20 % in the longest di-
ameter of the primary tumor or the ap-
pearance of one or more new lesions. 
Stable disease (SD) was defined as a re-
sponse that did not qualify as a PR or PD. 
Objective response rates were defined as 
the sum of the CR and PR rates. Recur-
rence was proven pathologically by sur-
gical resection, biopsy, or cytology, and/
or radiological findings, showing an in-
crease in size over time. Local progres-
sion was defined as a regrowth or a new 
tumor within the treated volume; intra-
hepatic recurrence was defined as a re-
growth or new intrahepatic tumor out-
side the target volume; and distant me-
tastasis was defined as lymph node recur-
rence, peritoneal seeding, or metastasis to 
extra-abdominal sites. Local progression-
free survival (LPFS), relapse-free surviv-
al (RFS), and overall survival (OS) were 
defined as the intervals from the date of 
the start of SIB-IMRT to the date of de-
tection of local progression, any detection 
of recurrence, and death, respectively. He-
matologic and nonhematologic toxicities 
occurring within and after 90 days of the 
start of treatment were defined as acute 
and late toxicity, respectively.

Fisher’s exact tests and Student’s t-
tests were used to compare the distribu-
tion of clinical parameters between pa-
tients treated with the two dose-fraction-
ation schemes. Survival rates were calcu-
lated using the Kaplan–Meier method. 
The propensity score matching was per-
formed by modeling probability of re-
ceiving two different dose-fractionation 
groups. A logistic regression model was 
generated to predict probability of each 
individual patient based on tumor size 
and then the model was used to obtain 
a one-to-one match for the LD and HD 
group. Univariate analysis of parameters 
predicting OS were assessed with log rank 
tests, followed by multivariate analysis us-
ing Cox’s proportional hazard model with 
a stepwise forward procedure. All statis-
tical analyses were two-sided and were 
performed using STATA software (ver-
sion 9.0; Stata Corp., College Station, TX, 
USA). A p value < 0.05 indicated statisti-
cal significance.

Table 2 Primary tumor response in the low and high dose-fractionation groups

Tumor response Low dose-fraction-
ation (n=41), n (%)

High dose-fraction-
ation (n=12), n (%)

p valuea

Complete response 6 (14.6) 6 (50.0) 0.039

Partial response 15 (36.6) 6 (50.0)

Stable disease 18 (43.9) 0 (0.0)

Progressive disease 2 (4.9) 0 (0.0)
aFisher’s exact test
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Results

Patient characteristics

Patient characteristics are summarized in 
. Table 1. Not surprisingly, the patients in 
the LD group, with target volumes close 
to gastrointestinal structures, had larg-
er sized tumors and greater frequencies 
of vascular invasion and advanced tu-
mor stage than patients in the HD group 
(. Table 1).

Failure patterns and 
tumor response

Primary tumor responses, evaluated at 
3 months after treatment by imaging mo-
dalities, are summarized in . Table 2. Of 
the 53 patients, 12 (22.6 %) achieved CR of 
the primary tumor, 21 (39.6 %), achieved 

PR, 18 (34 %) had SD, and 2 (3.8 %) had 
PD. Of the 41 patients in the LD group, 
6 (14.6 %) achieved CR, 15 (36.6 %) 
achieved PR, 18 (43.9 %) had SD, and 2 
(4.9 %) had PD (. Fig. 2a–c), whereas of 
the 12 patients in the HD group, 6 (50 %) 
achieved CR and 6 (50 %) achieved PR 
(. Fig. 1d–f, . Table 2, p = 0.039). The 
objective response (CR + PR) rates of the 
primary tumors in all patients and in the 
LD and HD groups were 62.2 %, 51.2 %, 
and 100 %, respectively. Of the 26 pa-
tients with PVTT, 3 (11.5 %) achieved CR 
of the PVTT, 10 (38.5 %) achieved PR, 11 
(42.3 %) had SD, and 2 (7.7 %) had PD. 
The objective response (CR + PR) rate of 
the PVTT in all patients was 50 %.

At the time of analysis, 22 patients 
had died from disease and 31 patients 
were alive. The median follow-up period 
for all patients was 18.9 months (range 

3–37.8 months), and for living patients 
21.2 months (range 14.9–37.8 months). 
. Fig. 3 illustrates the patterns of treat-
ment failure in all patients and in the LD 
and HD groups. Of the 53 patients, 44 
(83 %) developed disease recurrence, in-
cluding 11 (20.8 %) with local recurrence, 
40 (75.5 %) with intrahepatic recurrence, 
and 15 (28.3 %) with distant metastases. 
Of the 41 patients in the LD group, 10 
(24.4 %) developed local recurrence, 38 
(92.7 %) had intrahepatic recurrence, and 
14 (34.1 %) had distant metastases. Of the 
12 patients in the HD group, 1 (8.3 %) de-
veloped local recurrence, 8 (66.7 %) had 
intrahepatic recurrence, and 1 (8.3 %) had 
distant metastasis.

The median OS in all patients was 
25.1 months. The actuarial 2-year LPFS, 
RFS, and OS rates were 67.3, 14.7, and 
54.7 %, respectively. The 2-year LPFS 
(59 vs. 85.7 %, p = 0.119) and RFS (7.3 vs. 
38.1 %, p = 0.063) rates tended to be lower 
in the LD than in the HD group, whereas 
the 2-year OS rate was significantly lower 
in the LD than in the HD group (44.3 vs. 
83.3 %, p = 0.037).

Univariate and multivariate analy-
ses were performed to identify parame-
ters predicting OS (. Table 3). Although 
univariate analyses showed that several 
factors, including the Child–Pugh score, 

Fig. 2 8 a–c Partial and d–f complete response of a primary tumor to simultaneous integrated boost-intensity modulated 
accelerated radiation therapy (SIB-IMRT). a Pretreatment CT scan showing the primary tumor (arrow), b The patient under-
went SIB-IMRT using low dose-fractionation. c CT scan 3 months after SIB-IMRT. Note the tumor shrinkage (arrow). d Pretreat-
ment CT scan showing the primary tumor (arrow). e The patient underwent SIB-IMRT using high dose-fractionation. f CT scan 
3 months after SIB-IMRT. Note the complete remission of the primary tumor (arrow)
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Fig. 3 9 Patterns of 
treatment failure in 
a all patients, b in the 
low dose-fraction-
ation group, and c in 
the high dose-frac-
tionation group. LR lo-
cal recurrence, IHR in-
trahepatic recurrence, 
and DM distant me-
tastasis
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AFP, tumor size, mUICC stage, concur-
rent sorafenib, dose-fractionation scheme 
and primary tumor response, were signif-
icantly associated with OS (p < 0.05 each), 
multivariate analysis showed that primary 
tumor response was the only factor inde-
pendently associated with OS (p < 0.001). 
Primary tumor responders showed sig-
nificantly higher actuarial 2-year (1-year) 

LPFS (78.3 % [96.9 %] vs. not reached 
(NR) [75.3 %], p < 0.001), RFS (23.7 % 
[50 %] vs. 0 % [5 %], p < 0.001), and OS 
(89.9 % [93.9 %] vs. 7.8 % [50 %], p < 0.001) 
rates than nonresponders (. Fig. 4a–c). 
The 26 patients with PVTT had a me-
dian OS of 19.6 months and actuarial 
2-year LPFS, RFS, and OS rates of 72.9, 
11.5, and 24.3 %, respectively. PVTT re-

sponders showed higher actuarial 2-year 
(1-year) LPFS (84.6 % [84.6 %] vs. NR 
[70.3 %], p = 0.187), RFS (NR [30.8 %] vs. 
0 % [7.7 %], p = 0.048), and OS (84.6 % 
[92.3 %] vs. 0 % [46.2 %], p = 0.001) rates 
than nonresponders (. Fig. 4d–f).

As showed in . Table 1, tumor size 
was significantly correlated with choice 
of LD and HD. Thus, to adjust for this 
bias between two groups, we performed 
the propensity score matching accord-
ing to tumor size (Table 4). The distribu-
tions of patient characteristics between 
two groups are summarized in . Table 4. 
Most of patient characteristics were well 
balanced between two groups, except for 
frequencies of vascular invasion and tu-
mor stage due that the patients in LD 
group had tumor close to gastrointesti-
nal structures and portal vein. The objec-
tive response (70 vs. 100 %, p = 0.211), the 
2-year LPFS (70 vs. 83.3 %, p = 0.138), RFS 
(30 vs. 45.7 %, p = 0.380), and OS (45 vs. 
90 %, p = 0.179) rates tended to be lower 
in the LD than in the HD group, but its 
differences were not significant due to the 
small number in this subgroup.

Toxicity

Overall, treatment was well tolerated, with 
no grade ≥ 3 toxicity. Within 3 months af-
ter SIB-IMRT, acute toxicities were tran-
sient, easily manageable, and caused no 
interruption in treatment course. Of the 
53 patients, 47 (88.7 %) showed no change 
in Child–Pugh score, 4 (7.5 %) showed a 
1-point decrease and 2 (3.8 %) showed a 
1-point increase. Elevated ALT without 
evidence of tumor progression was ob-
served in 8 (15.1 %) patients, 6 (11.3 %) 
with grade 1, and 2 (3.8 %) with grade 2 
increases. Late gastrointestinal complica-
tions, defined as gastric or duodenal ul-
cers within the RT field, were observed in 
5 (9.4 %) patients, 2 (1.9 %) with grade 1 
and 3 (5.7 %) with grade 2. No treatment-
related hepatic failure or treatment-relat-
ed death was observed.

Discussion

A multicenter retrospective cohort study 
on the use of RT for HCC showed that 
various fractionation schedules and var-
ious RT techniques, such as 3D-CRT, 

Table 3 Univariate and multivariate analysis of factors associated with overall survival

Overall survival p value

Characteristics Median (2 year), 
months (%)

Univariatea Multivariateb

Gender Male 25.1 (54.5) 0.776 NS

Female NR (50.0)

Age, years < 60 NR (50.3) 0.797 NS

≥ 60 25.1 (57.7)

ECOG PS 0 25.1 (51.4) 0.709 NS

1 26.6 (57.1)

Etiology of LC HBV 25.1 (53.5) 0.685 NS

Others 26.6 (58.3)

Child–Pugh score 5 NR (63.5) 0.016 NS

6 22.5 (0)

7 8.8 (33.3)

AFP, IU/ml < 50 26.6 (81.5) 0.042 NS

≥ 50 19.6 (35.0)

Tumor size, cm ≤ 5 26.6 (78.0) 0.011 NS

> 5 19.6 (39.5)

PVTT No 26.6 (71.0) 0.147 NS

2nd br. 18.9 (41.7)

Main and 
1st br.

22.5 (52.0)

mUICC stage II–III NR (95.0) 0.001 NS

IVA 18.9 (28.4)

Previous treatment No 13.0 (NR) 0.194 NS

Yes 25.1 (56.2)

Concurrent sorafenib No 26.6 (59.0) 0.020 NS

Yes 13.0 (NR)

Post-RT treatment No 25.1 (59.5) 0.608 NS

Yes 22.1 (49.1)

Dose-fractionation 
scheme

LD NR (44.3) 0.037 NS

HD 22.5 (83.3)

Primary tumor re-
sponse

Responder NR (89.9) < 0.001 < 0.001

Nonre-
sponder

11.3 (7.8)

NR not reached, NS not significant, LD low dose-fractionation, HD high dose-fractionation, Responder com-
plete or partial response, Nonresponder stable or progressive disease, LC liver cirrhosis, HBV hepatitis B virus, 
HCV hepatitis C virus, AFP a-fetoprotein, ECOG Eastern Cooperative Oncology Group, PS performance status, 
br. branch, mUICC stage modified International Union Against Cancer stage [10], and RT radiotherapy, TACE 
transarterial chemoembolization, RFA radiofrequency ablation, PEIT percutaneous ethanol injection treatment, 
SR surgical resection, PVTT portal vein tumor thrombosis
aLog-rank test
bCox proportional hazards model
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IMRT, and stereotactic body radiation 
therapy (SBRT), have been used [15]. 
To date, most studies using convention-
al fractionated 3D-CRT for HCC have re-
ported favorable outcomes, with response 
rates of 40–76 % and 45–46 % for prima-
ry tumors and PVTT, respectively, and 
median OS times of 10–25 months and 
8–16 months for patients with and with-
out PVTT, respectively [6, 15–20]. Re-
cent results of hypofractionated 3D-CRT 
or SBRT [21–23] have shown higher tu-
mor response rates (range 49–80 %) but 
similar median OS (range 17–23 months) 
compared with conventional fractionated 
3D-CRT.The reported 2-year LPFS rates 
in HCC patients treated with hypofrac-
tionated 3D-CRT or SBRT ranged from 
43–90 % [21–23]. In the present study 
on patients with inoperable HCC, the re-
sponse rates to SIB-IMRT of primary tu-
mors and PVTT were 62.2 and 50 %, re-

spectively; and the median OS times in 
patients without and with PVTT were 
26.6 months and 19.6 months, respective-
ly. The 2-year LPFS rates for all patients 
and for the LD and HD groups were 67.3, 
59, and 85.7 %, respectively. In the present 
study, the tumor response rate, LPFS rate, 
and median OS were at the higher end of 
the wide range of previously reported val-
ues [6, 15, 16, 21–23].

Technological advances in RT, includ-
ing those in imaging and computer tech-
nology, have influenced the whole process 
of RT, from treatment planning to dose 
delivery. SIB-IMRT has become widely 
used for prostate and head and neck can-
cers but not for HCC. Despite the phys-
ical and biological advantages of SIB-
IMRT relative to 3D-CRT, including im-
provements in tumor dose conformation, 
the avoidance of normal tissues, and pre-
venting the accelerated repopulation of 

tumors, IMRT has not been utilized to 
treat HCC due to concerns about dose un-
certainty resulting from liver motion dur-
ing respiration. However, the inclusion of 
tumor motion when treating abdominal 
tumors with IMRT did not significant-
ly degrade the target dose–volume histo-
gram [24]. Because underdosed regions 
blur out as the number of treatments is 
increased, we utilized a relatively longer 
fractionation schedule, 22 fractions, rath-
er than the fewer than 10 fractions utilized 
for hypofractionated RT or SBRT.

RT has shown a dose–response rela-
tionship with local tumor control in pa-
tients with HCC, with an increased RT 
dose resulting in improved local tumor 
response and OS. Similarly, despite dif-
ferences in patient characteristics, such 
as tumor size and tumor stage, between 
our LD (57.3 Gy10) and HD (71.5 Gy10) 
groups, the present study showed that tu-
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Fig. 4 8 a, d Local progression-free survival (LPFS), b, e relapse-free survival (RFS), and c, f overall survival (OS) curves ac-
cording to primary tumor and portal vein tumor thrombosis (PVTT) response, respectively. Responder complete or partial re-
sponse, Nonresponder stable or progressive disease. *log-rank test
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mor response and 2-year LPFS, RFS, and 
OS rates tended to be higher in the HD 
than in the LD group. However, con-
cerns have arisen about the safe delivery 
of high-dose radiation using 3D-CRT or 
SBRT to HCCs adjacent to critical nor-
mal organs. Generally, the stomach and 
duodenum are very radiosensitive, espe-
cially in HCC patients with LC and por-
tal hypertension, which may result in im-
pairments to the mucosal defense mech-

anism. Careful consideration during RT 
planning and delivery is therefore nec-
essary when treating HCCs located near 
these structures. Although the overall in-
cidence rates of gastrointestinal compli-
cations after RT for HCC are low, severe 
gastrointestinal complications, even per-
foration, can be observed when these or-
gans are exposed to high RT doses [21, 
22]. Therefore, smaller fractions with pro-
longed treatment times and risk-adapted 

RT doses may be indispensable in these 
clinical situations. We utilized two risk-
adapted SIB-IMRT dose-fractionation 
schemes, based on the closeness of gastro-
intestinal structures, to avoid gastrointes-
tinal complications. None of our patients 
developed grade ≥ 3 complications. How-
ever, because this study involved a rela-
tively small number of patients, addition-
al larger scaled studies are warranted to 
verify our findings.

The main pattern of failure among 
our patients was intrahepatic recurrence 
(90.9 %), similar to previous findings [6, 
15, 16, 21–23]. The high intrahepatic re-
currence rate is likely due to the multi-
focal nature of HCC in the cirrhotic liv-
er and the advanced tumor stage among 
our patients (IVA, 62.3 %). However, al-
though the 2-year LPFS rate of the HD 
group was 85.7 %, the 2-year LPFS rate of 
the LD group was only 59 %, which may 
not be high enough to cure local disease. 
Fortunately, multikinase inhibitors, such 
as sorafenib, have been found to improve 
survival in patients with HCC [3, 4] and 
may enhance tumor sensitivity to radia-
tion [25]. Although the present study did 
not show the clinical benefits of multiki-
nase inhibitors due to the small number 
of patients and selection bias, aforemen-
tioned studies suggest that sequential or 
concurrent use of multikinase inhibitors 
with SIB-IMRT may reduce the intrahe-
patic recurrence rate and improve local 
control in these patients.

Conclusion

We found that risk-adapted SIB-IMRT for 
inoperable HCC showed promising re-
sults, including tumor response and local 
tumor control with minimal toxicity. Ad-
ditional larger studies are warranted.
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Table 4 The distribution of patient characteristics in the propensity score matched popula-
tion between the low and high dose-fractionation groups

Low dose-frac-
tionation

High dose-
fractionation

p value

Characteristics N = 10, n N = 10, n

Gender Male 10 9 1.000a

Female 0 1

Age, years Median (range) 61 (49–71) 63.5 (41–78) 0.803b

< 60 3 4 1.000a

≥ 60 7 6

ECOG PS 0 9 8 1.000a

1 1 2

Etiology of LC HBV 9 6 0.373a

HCV 0 6

Alcoholic 1 6

Child–Pugh score 5 6 8 0.517a

6 2 2

7 2 0

AFP, IU/ml Median (range) 9.8 (3.3–18202.6) 28.4 (5.6–1314.7) 0.206b

< 50 8 7 1.000a

≥ 50 2 3

Tumor size, cm Median (range) 3.4 (1.6–5.5) 3.4 (1.8–5.5) 0.937b

≤ 5 8 8 1.000a

> 5 2 2

Site of vascular 
invasion

No 4 9 0.020a

2nd br. 3 1

Main and 1st br. 3 0

mUICC stage II 0 8 < 0.001a

III 4 1

IVA 6 1

Previous treat-
ment

No 0 0 1.000a

Yes 10 10

Concurrent 
sorafenib

No 10 10 1.000a

Yes 0 0

Post-RT treatment No 8 6 0.629a

Yes 2 4
LC liver cirrhosis, HBV hepatitis B virus, HCV hepatitis C virus, ECOG Eastern Cooperative Oncology Group,  
PS performance status, br. branch, mUICC stage modified International Union Against Cancer stage [10],  
RT radiotherapy
aFisher’s exact test, two-tail
bt-test
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