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Dosimetric comparison of 3-D Conformal Radiotherapy (3DCRT) and Intensity Modulated Radiotherapy (IMRT) for patients with hepatocellular carcinoma (HCC).
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Abstract
Introduction
The use of radiotherapy in treating HCC is rapidly increasing.
IMRT is more suitable for treating complex target volumes as
it creates complex dose distributions that conform to the target
volume than those allowed using 3DCRT.
Purpose
To compare dose distribution and dosimetric parameters of
3DCRT and IMRT for patients with hepatocellular carcinoma.
Methods
Ten patients with HCC (average volume 336cc) planned using
3DCRT and IMRT. The PTV, spinal cord, kidneys and normal
liver were outlined. 40Gy was prescribed. Dose volume
histogram parameters (DVPs) for both plans were compared
and analyzed statistically using SPSS Wilcoxon Signed Ranks
test.
Results
3DCRT and IMRT achieved adequate and comparable target
coverage as assessed by PTV D95% (39.24Gy and 39.44 Gy, P=
0.493) and dose homogeneity index (1.07 and 1.07, P= 0.257).
For sparing of adjacent normal organs: IMRT resulted in
significantly lower irradiated normal liver volume at 5Gy-30Gy;
it showed a significant reduction of 2.5%, 5%, 6% and 15% of
normal liver V5Gy, V10Gy, V20Gy and V30Gy compared to 3DCRT
(P= 0.041, 0.010, 0.048 and 0.013 respectively). IMRT also
achieved better sparing of spinal cord and kidneys with a non
significant reduction of 9%, 12% and 2% of spinal cord
maximum dose, right and left kidney mean doses compared to
3DCRT (P =0.203, 0.205 and 0.498 respectively).
Conclusion
Comparing the dose distribution of 3DCRT and IMRT of
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HCC; IMRT provides adequate comparable target coverage
with significant sparing of normal liver at 5Gy-30Gy and less
exposure of spinal cord and kidneys compared to 3DCRT.
I declare that there is no conflict of interest with any financial
organization regarding the material in this manuscript.
Introduction
Hepatocellular carcinoma (HCC) is the third cause of cancer
related death following lung and stomach cancer.(1) The use of
radiotherapy in treating unresectable HCC is rapidly increasing.
(2.-3) Various techniques are available for liver irradiation such as
three-dimensional conformal radiotherapy (3DCRT) and
intensity-modulated radiotherapy (IMRT). (4)
While 3DCRT can irradiate the target volume accurately while
minimizing the dose to normal liver with a chance of long
survival for some patients, IMRT is more suitable for treating
complex target volumes. (4) IMRT can improve radiation plan
quality by using an inverse planning algorithm which generates
complex spatial dose distributions that conform more closely
to the target volume than those allowed using 3DCRT. (5)
There is no accepted standard strategy for liver irradiation.
Although some previous studies have shown that IMRT
achieved acceptable target coverage for HCC, but had a
negative dosimetric effect on the liver, with a significant
increase in mean dose compared with 3DCRT. (6) Others
suggested that IMRT improved planning target volume (PTV)
coverage while maintaining normal tissue tolerance in most
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3DCRT liver plans. (7)Because the optimal irradiation technique
depends on the location of the liver lesion and the presence of
multiple critical structures including the normal liver, kidneys,
and spinal cord so it is important to compare dose distribution
of 3DCRT and IMRT and to investigate cases in which IMRT
might offer benefit compared with 3DCRT. (8, 9, 10)
Purpose
To compare dose distribution and dosimetric parameters of
3DCRT and IMRT for patients with hepatocellular carcinoma.
Methods
From September 2013 to November 2014 ten patients with
locally advanced non metastatic HCC were planned
retrospectively in the Alexandria Clinical Oncology
Department using 3DCRT and IMRT. CT simulation was
performed in supine position with 3mm slice thickness. Then
the CT data were transferred to treatment planning system
(Precise Elekta) where required structures were contoured.

(A)

They include GTV (high CT value area in early phase contrastenhanced CT image), CTV (1cm margin around the GTV) and
PTV (0.5cm and 1.5cm margin to the CTV in axial and
craniocaudal axes) respectively to account for errors caused by
the daily setup process and internal organ motion. (11) Whole
liver, normal liver (total liver volume minus PTV), kidneys and
spinal cord were also contoured.
For each patient, 3DCRT optimum plan was carried out with
6MV photon beam using different number and directions of
photon fields according to the position of the PTV and the
relationship of the PTVs and OARs. 5-7 fields shaped using
MLCs were used to encompass the PTV and to well spare
nearby OARs (Figure 1).
Inverse planned IMRT was carried out using step and shoot
technique. The same treatment parameters for 3DCRT were
optimized with five segments per beam distributed according
to the position of the target volume. After defining planning
parameters many trials were carried out to choose the best
dose volume constrains (DVC). (Table 1)

(B)

3DCRT

(C)

3DCRT

(D)

IMRT

IMRT

Figure 1. Typical dose distribution displayed in axial, coronal and sagittal views for 3DCRT and IMRT plans using 5 fields for a
patient with HCC (A and C) and the room eye views of the same patient (B and D). Both show the colour wash of 95% of the
dose (pink in A and C and white in B and D) match well the PTV shape.
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Structure

Type

Priority

Rx (cGy)

PTV

Target

100

4000

Spinal cord

OAR

30

Rt. Kidney

OAR

20

Mean
dose
(cGy)

Under
dose
(cGy)

Under
dose
volume
(%)

Over
dose
(cGy)

Over
dose
volume
(%)

4000

95

4500

5

3500
1000
Table 1. Optimization setup table

Dose prescribed was 40Gy in 20 fractions. For all plans,
isodose distributions and DVHs were generated. The optimum
plan was evaluated by PTV dose coverage and homogeneity
within PTV and sparing of OARs. PTV dose coverage assessed
by D95% and Dmax%. Homogeneity within PTV HI calculated as
D5%/D95%. Sparing of OARs assessed using the mean dose of
normal liver (23-26 Gy), V5Gy, V10 Gy (<5%, V20Gy) and V30Gy
(<10%), the mean dose to the kidneys (23Gy for at least one
kidney) and the maximum point dose of spinal cord (≤45 Gy).

44 Gy (average 43.28 Gy) for IMRT plans. So PTV coverage
was adequate and comparable in both plans as the differences
in PTV D95% and maximum dose between both plans were not
statistically significant (P=0.493and 0.792 respectively).
(Figures 1 and 2A). Dose homogeneity index HI ranged from
1.05 to 1.1 (average 1.073) for 3DCRT plans compared to 1.04
to 1.09 (average 1.07) for IMRT plans. So IMRT doesn’t show
any significant difference in HI compared to 3DCRT
(P=0.257).

(12,13)

3DCRT and IMRT plans for the ten patients were compared
using dose distribution, DVHs and DVPs for PTV, normal
liver, spinal cord, and kidneys.
This study had approval of Institutional Review Board as a
retrospective one in which confidentially of records was
considered.
Statistical analysis
DVPs of PTV and OARs for 3DCRT and IMRT plans for ten
patients were listed, compared and statistically analyzed using
Wilcoxon Signed-Ranks test of SPSS (version 18). A P-value of
less than 0.05 was taken as statistically significant.
Results
3DCRT and inverse plan IMRT for HCC were produced for
40 Gy and compared for ten patients. By reviewing the
treatment planning, DVHs, and DVPs the followings were the
results as regard dose distribution of PTV and OARs (normal
liver, spinal cord, right, and left kidneys).
Dose distribution within PTV
Table. 2 gives the statistical analysis for PTV DVPs comparing
3DCRT and IMRT plans. It shows that PTV D 95% ranged
from 38Gy to 40Gy (average 39.24 Gy) for 3DCRT plans
compared to 39.2Gy to 39.6 Gy (average 39.44 Gy) for IMRT
plans. The maximum dose ranged from 42.4 Gy to 44.4 Gy
(average 43.24 Gy) for 3DCRT plans compared to 42.8 Gy to
www.amaac.org

Dose distribution within organs at risk
Table 3 gives the statistical analysis for normal liver DVPs,
spinal cord maximum dose and right and left kidney mean dose
for 3DCRT and IMRT plans. It shows that; the average of
normal liver mean dose 12 Gy for 3DCRT plans compared to
12.3 Gy for IMRT plans; there is no significant difference
between 3DCRT and IMRT (P=0.414). The average of normal
liver V5Gy, V10Gy, V20Gy & V30Gy was 56.5%, 48.6%, 28.1% &
14.4% for 3DCRT plans compared to 54.4%, 45.8%, 26.4% &
12.4% for IMRT plans; IMRT showed a significant reduction
of 2.5%, 5%, 6% & 15% of normal liver V 5Gy, V10Gy, V20Gy &
V30Gy compared to 3DCRT (P= 0.041, 0.010 , 0.048 & 0.013).
(Figure 2 B)

Table 2. Relevant dose volume parameters of PTV comparing
3DCRT & IMRT plans.
PTV DVPs

Min

Max

Average

D95% (CR)

38.0

40.0

39.24

D95% (IMRT)

39.2

39.6

39.44

Dmax (CR)
Dmax (IMRT)
HI (CR)
HI (IMRT)

42.4
42.8
1.05
1.04

44.4
44.0
1.10
1.09

43.24
43.28
1.073
1.07

P
value
0.493
0.792
0.257

CR, three-dimensional conformal radiotherapy; IMRT, intensitymodulated radiotherapy. The dose is in Gy
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Regarding spinal cord and kidneys sparing; the average of
spinal cord maximum dose, right and left kidney mean doses
was 13Gy. 6.63 Gy and 1.13 Gy for 3DCRT plans compared to
11.6 Gy. 6.13 Gy & 0.862 Gy for IMRT plans; IMRT showed a

non significant reduction of 9%, 12% & 2% of spinal cord
maximum dose, right and left kidney mean doses compared to
3DCRT (P =0.203, 0.205 & 0.498). (Figure 2C).

Table 3 Relevant dose volume parameters of OARs comparing 3DCRT & IMRT plans
DVPs

Min

Max

Average

Normal liver (Gy)
Mean (CR)
Mean (IMRT)

5
5

18
21

12
12.3

V5Gy (CR)
V5Gy (IMRT)

24
25

90
80

V10Gy (CR)
V10G (IMRT)

18
17

V20Gy (CR)
V20Gy (IMRT)
V30Gy (CR)
V30Gy (IMRT)
Spinal cord (Gy)
Max (CR)
Max (IMRT)
Right Kidney (Gy)
Mean (CR)
Mean (IMRT)
Left Kidney (Gy)
Mean (CR)
Mean (IMRT)

P-value

Reduction%

0.414

1.35

56.5
54.4

0.041

2.5

80
75

48.6
45.8

0.010

5

12
11

55
53

28.1
26.4

0.048

6

9
7

27
25

14.4
12.4

0.013

15

4
0

24
21

13
11.6

0.203

9

0.13
0.13

15
20

6.63
6.13

0.205

12

0
0

9
6

1.13
0.862

0.498

2

(A)

(B)

(C)

Figure 2. DVH for PTV (A), normal liver (B), spinal cord in green & right kidney in blue, left one in yellow (C)
comparing 3DCRT (solid line) and IMRT plans.
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Discussion
Although 3DCRT is commonly used for treatment of HCC,
dosimetric analysis of other plans using different techniques
such as IMRT is required to compare target coverage and
normal tissue sparing.
In the current study; 3DCRT and IMRT plans for 10 patients
with HCC were compared. As regard target coverage; current
study showed that the PTV coverage was adequate and
comparable in both plans as the differences between the plans
were not statistically significant. This is in accordance with the
results of Chen D et al (14). The findings of the current study
were also supported by Kuo Y et al (15) who compared 3DCRT
and IMRT for primary HCC; they reported that the
homogeneity & target coverage were comparable in 3DCRT &
IMRT plans.
Regarding to spinal cord; current study indicates that IMRT
plans achieved non significant spinal cord sparing compared to
3DCRT plans. This is in accordance with Chen D et al, (14) and
Li Z et al study (16); they achieved non significant spinal cord
sparing in IMRT plans compared to 3DCRT plans.
Regarding to Kidneys; current study indicated that IMRT
plans achieved non significant right and left Kidneys sparing
compared to 3DCRT plans. The findings of the current study
were supported by Yuanyuan Z et al (17) who compared
3DCRT and IMRT in terms of their advantages and
disadvantages in the treatment of primary HCC with portal
vein tumor thrombus; they found that there were no significant
differences in kidneys Dmax, and kidney V20 Gy between IMRT
and 3DCRT. The findings of the current study were also
supported by Li Z et al (16) study who found comparable
sparing of normal tissues including kidneys in both plans.
Regarding to normal liver; in the current study; the mean of
normal liver showed no significant difference between 3DCRT
and IMRT. This agrees with Li Z et al (16); they found that the
mean dose to normal liver 20.5Gy for 3DCRT Vs 20.9 Gy for
IMRT. On the other hand; in the current study IMRT plans
achieved significantly normal liver sparing compared to
3DCRT plans at the low-dose region i.e at volume received
5Gy -30Gy (V5Gy, V10Gy, V20Gy, and V30Gy). The findings of the
current study are supported by Yuanyuan Z et al study (17); they
reported that the liver V30Gy and V20Gy were significantly better
with IMRT plans than with 3DCRT plans. On the other hand,
there was no significant difference in liver V 10Gy & V5Gy. Kuo
Y et al (15) also demonstrated that IMRT provided better dose
distribution, with significantly better mean dose, V10 Gy, V20 Gy
V30 Gy and V40 Gy compared with 3DCRT. In Kim Th et al.(18)
study and Liang SX et al study(19) V30Gy & V20Gy were
demonstrated as significant parameters for Radiation-induced
liver disease (RILD) in patients treated with conventional
fractionated radiotherapy. As IMRT shows lower V20 Gy and
V30 Gy compared to 3DCRT therefore, IMRT is superior to
www.amaac.org

3DCRT at decreasing the risk of Radiation-induced liver
disease (RILD) which is the most severe radiation-induced
complication that may result in hepatic failure and death (14)
Conclusion
Comparing the dose distribution of 3DCRT and IMRT plans
of HCC; IMRT provides adequate comparable target coverage
with significant sparing of normal liver at 5Gy-30Gy and less
exposure of spinal cord and kidneys compared to 3DCRT.
References
1.

2.
3.

4.

5.
6.

7.

8.

9.

10.

Cárdenes HR: Role of stereotactic body radiotherapy in
the management of primary hepatocellular carcinoma.
Rationale, technique and results. Clin Transl Oncol.
2009, 11: 276–283.
Feng M and Ben-Josef E. Radiation therapy for
hepatocellular carcinoma. Semin Radiat Oncol. 2011; 21
(4):271–77.
Meng MB, Cui YL, Lu Y, et al. Transcatheter arterial
chemoembolization in combination with radiotherapy
for unresectable hepatocellular carcinoma: a systematic
review and meta-analysis. Radiother Oncol. 2009; 92
(2):184–94.
Lim do H, Lee H, Park HC, Lee JA, Kim SW, Yoo BC,
Koh KC, Lee JH, Choi MS, Gwak GY, Paik SW: The
efficacy of high-dose 3-dimensional conformal radiation
therapy in patients with small hepatocellular carcinoma
not eligible for other local modalities. Am J Clin Oncol.
2013, 36:162–166.
Otto K: Volumetric modulated arc therapy: IMRT in a
single gantry arc. Med Phys 2008; 35:310–317.
Cheng JC, Wu JK, Huang CM, et al. Dosimetric
analysis and comparison of three-dimensional
conformal radiotherapy and intensity-modulated
radiation therapy for patients with hepatocellular
carcinoma and radiation-induced liver disease. Int J
Radiat Oncol Biol Phys. 2003; 56 (1):229–34.
Eccles CL, Bissonnette JP, Craig T, Taremi M, Wu X,
Dawson LA. Treatment planning study to determine
potential benefit of intensity-modulated radiotherapy
versus conformal radiotherapy for unresectable hepatic
malignancies. Int J Radiat Oncol Biol Phys. 2008; 72
(2):582–88.
Mian Xi, Li Zhang , Qiao-Qiao Li , Lei Zhao , Rui
Zhang , Meng-Zhong Liu. Assessing the role of
volumetric-modulated arc therapy in hepatocellular
carcinoma.journal of applied clinical med phys. 2013;
Vol. 14, No. 3.
Park JM, Kim K, Chie EK, Choi CH, Ye SJ, Ha SW.
RapidArc vs. intensity-modulated radiation therapy for
hepatocellular carcinoma: a comparative planning study.
Br J Radiol. 2012; 85: 323–29.
Yin Y, Ma C, Gao M, et al. Dosimetric comparison of
RapidArc with fixed gantry intensity-modulated
Pan Arab Journal of Oncology/Vol. 8/No. 2/ June 2015

11.

12.

13.

14.

15.

16.

17.

18.

19.

radiotherapy treatment for multiple liver metastases
radiotherapy. Med Dosim. 2011; 36 (4):448–54.
Kuo YC, Chiu YM, Shih WP, Yu HW, Chen CW,
Wong PF, Lin WC, Hwang JJ: Volumetric intensitymodulated Arc (RapidArc) therapy for primary
hepatocellular carcinoma: comparison with intensitymodulated radiotherapy and 3-D conformal
radiotherapy. Radiat Oncol. 2011; 6:76.
Yoo S, Wu QJ, Lee WR, Yin FF: Radiotherapy
treatment plans with RA for prostate cancer involving
seminal vesicles and lymph nodes. Int J Radiat Oncol
Biol Phys. 2010; 76:935–942.
Wang X, Zhang X, Dong L, Liu H, Gillin M, Ahamad
A, Ang K, Mohan R: Effectiveness of noncoplanar
IMRT planning using a parallelized multiresolution
beam angle optimization method for paranasal sinus
carcinoma. Int J Radiat Oncol Biol Phys 2005; 63:594–
601.
Dong Chen, Renben Wang, Xiangjiao Meng, Tonghai
Liu, Hongjiang Yan, Rui Feng, Shangang Liu, Shumei
Jiang, Xiaoqing , XuKunli Zhu, Xue Dou: A
comparison of liver protection among 3D conformal
radiotherapy, intensity-modulated radiotherapy and
Rapid Arc for hepatocellular carcinoma. BioMed
Central journal Radiat Oncol 2014; 9:48
Yu-Cheng Kuo, Ying-Ming Chiu, Wen-Pin Shih, HsiaoWei Yu, Chia-Wen Chen, Pei-Fong Wong, Wei-Chan
Lin, and Jeng-Jong Hwang: Volumetric intensitymodulated Arc (RapidArc) therapy for primary
hepatocellular carcinoma: comparison with intensitymodulated radiotherapy and 3-D conformal
radiotherapy. BioMed Central journal Radiat Oncol.
2011; 6: 76.
ZHANG Li, XI Mian, SUN Wen-zhao, LIANG Jian,
HUANG Xiao-yan, LIU Meng-zhong: Dosimetric
Comparison of 3DCRT, Static IMRT, and VMAT for
Hepatocellular Carcinoma. Journal of Sun Yat-sen
University 2012; 33 (3): 402-40.
ZHOU Yuanyuan; ZHANG Sixing; ZHENG
Qingping: Dosimetric comparison of 3DCRT and
IMRT in treatment of primary hepatocellular carcinoma
with portal vein tumor thrombus. Journal of Clinical
Hepatology 2014; Vol. 30 Issue 3, p 245
Kim TH, Kim DY, Park JW, Kim SH, Choi JI, Kim
HB, Lee WJ, Park SJ, Hong EK, Kim CM: Dosevolumetric parameters predicting radiation-induced
hepatic toxicity in unresectable hepatocellular
carcinoma patients treated with three-dimensional
conformal radiotherapy. Int J Radiat Oncol Biol Phys
2007; 67:225–231.
Liang SX, Huang XB, Zhu XD, Zhang WD, Cai L,
Huang HZ, Li YF, Chen L, Liu MZ: Dosimetric
predictor identification for radiation-induced liver
disease after hypofractionated conformal radiotherapy
for primary liver carcinoma patients with Child-Pugh
Grade A cirrhosis. Radiother Oncol 2011; 98:265–269.
Pan Arab Journal of Oncology/Vol. 8/No. 2/ June 2015

www.amaac.org

