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Abstract: The aim of present study was to compare the dosimetric differences of the radiotherapeutic plans be-
tween synchronous and composite planning approaches in sequential intensity-modulated radiation therapy (IMRT)
for nasopharyngeal carcinoma (NPC). Twelve patients with NPC treated by sequential IMRT were enrolled. Two plan-
ning approaches were used to design sequential IMRT plan. The first was composite planning approach, in which
the initial and boost plans were designed and optimized independently. The second was synchronous planning ap-
proach, in which the boost IMRT plan was designed on foundation of the initial IMRT plan, and its optimization would
be adjusted based on dose distributions of the initial IMRT plan. Dosimetric comparisons in IMRT plans between
composite and synchronous planning approaches were analyzed to evaluate (1) dose coverage, conformity, and ho-
mogeneity of the planning target volume (PTV), (2) sparing of organs at risk (OARs), and (3) the number of segments
and monitor units (MUs). The results showed that both of the summed plans for the entire treatment course were
achieved according to the original planning goals, and the dose coverage, conformity and homogeneity for each PTV
was similar. With regard to sparing brain stem, spinal cord and parotid glands, there was no significant difference
in the summed plans between two planning approaches. However, the boost IMRT plan by composite planning ap-
proach tended to have a higher dose coverage (P = 0.000), conformity (P = 0.000), and homogeneity (P = 0.000)
than that of the plan by synchronous planning approach. Moreover, the boost plan by composite planning approach
reduced the MUs significantly (P = 0.000). The results indicated that the radiotherapeutic plan by composite plan-
ning approach provides better dose coverage, conformity and homogeneity for the PTV in the boost plan than that
by synchronous planning approach, and reduced MUs in sequential intensity modulated radiotherapy.
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noma

Introduction IMRT has the ability to provide much superior
dose distributions when it is designed with the
SIB-IMRT technique. However, the normal tis-

sues within, or adjacent to, the boost regions

Nasopharyngeal carcinoma is sensitive to radi-
ation therapy, which has been the main treat-

ment method for patients with NPC. Growing
reports have shown that the dosimetric superi-
ority of IMRT applied in nasopharyngeal carci-
noma can not only improve local control and
even patient survival, but also effectively
reduce the treatment side effects [1-4].

With the introduction of simultaneous integrat-
ed boost intensity-modulated radiation therapy
(SIB-IMRT), several studies suggested that

may receive higher doses per fraction com-
pared to the doses given by sequential-IMRT
technique. Therefore, sequential-IMRT may be
more appropriate than SIB-IMRT when the
doses given to the adjacent critical structures
or other normal tissues are the major concern
[5-7].

For sequential radiotherapeutic plan, the nor-
mal tissue constrains typically apply to the
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Table 1. Patient characteristics

the dosimetric quality of the

Characteristics

No. of patients

radiotherapeutic plans between

Patients
Age (years)
Gender
Male
Female
Pathologic diagnosis
Poorly differentiated squamous carcinoma
Tumor classification”

12

Median 60 (range, 38-74)

10
2

A W N W

N

synchronous and composite
planning approach in sequential
IMRT for nasopharyngeal car-
cinoma.

Methods
Patients

Twelve newly diagnosed patients
with nasopharyngeal carcinoma
treated with curative radiothera-
py between February 2011 and
July 2011 were consecutively
recruited into the study. Patient
characteristics were demon-
strated on (Table 1).

*According to UICC/AJCC 2010 stage system.

Table 2. Planning objectives for organs at risk

Organs at risk Dose constrain

Brain stem Max dose < 54 Gy
Spinal cord Max dose < 45 Gy
Parotid glands V,, < 50% (at least on side)
Eyes Max dose < 50 Gy

Optic nerves Max dose < 54 Gy
Lenses Max dose < 9 Gy
Cochleas Mean dose < 45 Gy or V, < 5%
Larynx Mean dose < 45 Gy

Abbreviations: Max = maximum.

entire treatment course rather than the indi-
vidual phase. Usually there were two approach-
es to be introduced to design sequential-IMRT
plan in clinic. The first was composite planning
approach, in which the initial and boost IMRT
plans were designed and optimized indepen-
dently. Then the two phase’s plans were
summed directly. The second was synchronous
planning approach, in which the boost IMRT
plan was designed on foundation of the initial
IMRT plan. The optimization of the boost plan
would be adjusted based on dose distributions
of the initial IMRT plan. Different dose distribu-
tion would be produced in the boost plan
between these two different design approach-
es. The purpose of present study was to com-
pare the dosimetric difference and elucidate

15976

Computed tomography scanning
and target volume delineation

All patients were positioned, and immobilized
from the head to the shoulder by a thermoplas-
tic mask. Computed tomography (CT) with a
3-mm slice thickness of the head and neck
region was obtained, and imported to the treat-
ment planning system. The physician contoured
the target volume and OARs for all patients. The
target volume included the gross tumor volume
(GTV), clinical target volume (CTV), and PTV.
The GTV covered the visible primary tumor and
neck metastasis lymph nodes shown on the
CT/MRI image. The CTV1 encompassed high-
risk structures surrounding primary tumor and
high-risk neck region, and the CTV2 encom-
passed low-risk neck region. The PTVg, PTV1,
and PTV2 consisted of a 3-mm margin in all
directions around GTV, CTV1 and CTV2 respec-
tively. The OARs included brain stem, spinal
cord, parotid glands, lenses, eyes, optic nerves,
chiasm, cochlea, mandible, oral cavity and
larynx.

The prescribed dose and treatment planning

The Philips Pinnacle Planning System 9.0 was
used for IMRT planning. The treatment plan
with a standard coplanar 9-field gantry arrange-
ment was designed in all patients and delivered
on Siemens Primus Linac equipped with a
58-leaf MLC. Direct machine parameter optimi-
zation (DMPO) module was adopted for the
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Dosimetric comparison of two different sequential IMRT plans in NPC

Table 3. The differences of dose coverage, conformity
and homogeneity in the summed IMRT plans between
synchronous and composite planning approaches in

the entire treatment course

Composite

Synchronous

33 fractions in the initial plan. After com-
pleting the optimization, the dose of PTVg,
PTV1 and PTV2 were cut to 59.4, 50.9 and
50.9 Gy in 28 fractions. For the boost plan,
the PTVg and PTV1 were planned for 70
and 60 Gy in 33 fractions. After complet-
ing optimization of the boost plan, the
dose of PTVg and PTV1 were cut to 10.6
and 9.1 Gy in 5 fractions. In the end, two
phase’s plans were summed directly.

In synchronous planning approach, the ini-
tial IMRT plan was designed like in the
composite planning approach. The boost
IMRT plan was designed on foundation of
the initial IMRT plan with the normal tissue
constrains was considered for the entire
treatment regimen. The optimization of the
boost plan would be adjusted based on
dose distributions of the initial IMRT plan.

The treatment goals for summed plan in
the entire treatment course were that pre-
scribed dose would cover 95% of the PTV
volume, and the maximum dose would not
exceed 110%. Regarding the OAR, the
maximum doses to the brain stem and spi-
nal cord were set as 54 Gy and 45 Gy,
respectively. In addition, the dose to other

planning planning tvalue  p-value
PTVvg
Vioon 95.65+0.55 95.12+0.30 2912 0.008
Dyjean (GY) 71.83 £0.31 71.59+0.28 2.355 0.028
Dyg, (Gy) 69.47 £0.13 69.41+0.11 1.038 0.310
D,,(Gy) 73.94+0.66 73.41+0.64 2008 0.057
Cl 0.80+0.04 0.82+0.03 -1.832 0.081
HI 0.06+£0.01 0.06+0.01 1.635 0.116
PTV1
Vioon 95.54 +0.37 95.38+0.44 1.663 0.125
Cl 0.78+0.03 0.79+0.02 3.432 0.006
PTV’
Dyjean (GY) 62,17 £0.37 61.74 +£0.27 10.408 0.000
Dgg, (Gy) 5797 +£0.71 58.06+0.79 2.032 0.067
D,,(Gy) 65.97+0.82 65.11+0.57 10.152 0.000
HI 0.13+0.02 0.11+0.02 7961 0.000
PTV2
Dyjean (GY) 55.52 £5.07 55.37 £5.10 0.069 0.945
Dy, (Gy) 51.26+0.65 51.16 £0.67 0.383 0.705
D,, (Gy) 59.11+1.15 5811+156 1.784 0.088
HI 0.14+0.03 0.13+0.03 1.216 0.237
Abbreviations: D, = dose to 2% of the volume; D ,, = dose to 98%

of the volume;

D = mean dose; V.

Mean

100%

= volume receiving 100%

prescription dose; HI = homogeneity index; Cl = conformity index.

planning. The maximum number of segments
was set to 80, minimum segment area was 5
cm?, and minimum monitor unit (MU) was 5
MUs. A collapsed-cone convolution algorithm
was used to calculate dosage, with a dose grid
resolution of 3 mm. The prescribed dose includ-
ed three levels: 70 Gy to the PTVg in 33 frac-
tions, 60 Gy to the PTV1 in 33 fractions, and
50.9 Gy to the PTV2 in 28 fractions. So the
IMRT plan was separated into two phases. In
the initial plan, the PTVg, PTV1 and PTV2 were
planned for 59.4, 50.9 and 50.9 Gy in 28 frac-
tions. Then the PTVg and PTV1 were planned to
boost 10.6 and 9.1 Gy in 5 fractions in the
boost plan. The boost IMRT plans were
designed by two different approaches as fol-
lows: In composite planning approach, the ini-
tial and boost IMRT plans were designhed and
optimized independently. In order to effectively
restrict the doses to the OARs, the PTVg, PTV1
and PTV2 were planned for 70, 60 and 60 Gy in
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normal tissues was minimized within a
reasonable range without affecting the tar-
get coverage (Table 2).

Plan evaluation and statistical analysis

The evaluation of treatment plans was per-
formed by means of standard dose-volume his-
tograms (DVHs). Data were analyzed for PTVg,
PTV1, PTV2 and PTV’ (volume of PTV1 without
including PTVg). The main comparing parame-
ters were: minimum and maximum doses as
defined by the values of D, and D,, (dose
received by the 98, and 2% of the volume),
mean dose, and V, . (volume of PTV receiving
100% prescribed dose). The conformity index
(Cl) for PTV was calculated as per the formula:
Cl=TV,*/(V,,, *V,) V,,, is the volume of PTV.
V., is the treatment volume of the prescription
isodose lines, and TVF,V is the volume of VF,Tv
within the V_,. The higher Cl is, the more confor-
mal the plan is. The homogeneity index (HI) for
the plans was defined as follows: HI = (D
Dygy)/ Doy Doy Dogy, i the dose of difference

2% — 98%
between the dose covering 2% and 98% of the

2%

Int J Clin Exp Med 2015;8(9):15975-15982
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Table 4. The differences of dose coverage, conformity
and homogeneity in the boost IMRT plans between
synchronous and composite planning approaches in the
second phase

Composite Synchronous
planning planning tvalue - p-value
PTVg
Vioon 95.34 £ 1.15 51.26+11.96 12.708 0.000
Dypean (GY)  10.89+£0.08 10.61+0.15 5.837 0.000
Dgg, (Gy) 10.51+0.04 9.41+0.14 13.724 0.000
D,, (Gy) 11.21+044 11.77+0.19 -7.969 0.000
Cl 0.78+0.07 0.28+0.12 12.778 0.000
HI 0.07£0.02 0.22+0.04 -13.296 0.000
PTV1
Vioon 94.90 £ 0.20 66.70+£8.27 11.737 0.000
Cl 0.78+0.03 0.44+0.09 13.065 0.000
PTV’
Dyjean (GY)  9.43+£0.05 9.00+0.13 9.123 0.000
Dgg, (Gy) 877 +0.11 7.27+0.39 12.620 0.000
D,, (Gy) 10.02+0.11 10.71+0.19 21.064 0.000
HI 0.13+0.02 0.38+0.07 14.180 0.000

Abbreviations: D, = dose to 2% of the volume; Dyg,, = dose to 98%

planning approach tended to have slight-
ly higher dose coverage and mean dose
than that of the plan by synchronous
planning approach (P = 0.008, and P =
0.028). There were no significant differ-
ences in conformity, homogeneity, maxi-
mum and minimum doses of the PTVg in
the summed plans between composite
and synchronous approaches. The con-
formity of PTV1 in the summed IMRT plan
by composite approach was lower than
that of the plan by synchronous approach
(P = 0.006), while no significant differ-
ence existed in V, . for PTV1i. The
summed IMRT plan by composite plan-
ning approach tended to have a lower
maximum (P = 0.000) and mean doses (P
= 0.000), and a higher homogeneity (P =
0.000) in PTV’ compared to the plan by
synchronous planning approach, while no
significant difference existed in minimum
doses for PTV'. For PTV2, there were no
significant differences in homogeneity,

of the volume; D, = the mean dose; V, .

PTV. D, is the dose covering 50% of the PTV.

A higher Hl indicates poorer homogeneity.

As regard the spinal cord and brain stem, given
its serial structure, D, (maximum point dose)
and D, ., (maximum dose encompassing 1%
of the volume) were studied. For parotids, V,,
Gy (volume of the parotids receiving 30 Gy) was
reported. In addition, the number of segments

and MUs also were investigated.

The SPSS version 18.0 software (SPSS Inc.,
Chicago, USA) was applied for statistical analy-
sis. The paired sample t-test was used to ana-
lyze the differences between the synchronous
and composite planning approaches. The two-
sided P < 0.05 was considered to be statistical
significance for all tests.

Results

The differences of dose coverage, conformity
and homogeneity for PTV in the IMRT plans
between synchronous and composite planning
approaches

Both of the summed IMRT plans were achieved
according to the original planning goals. For the
PTVg, the summed IMRT plan by composite
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= volume receiving 100%
prescription dose; HI = homogeneity index; Cl = conformity index.

maximum, minimum and mean doses
between the two different planning
approaches (Table 3). For the PTVg, the
boost IMRT plan by composite approach
tended to have a higher dose coverage (P =
0.000), conformity (P = 0.000), homogeneity (P
= 0.000), mean doses (P = 0.000) and mini-
mum doses (P = 0.000), and a lower maximum
doses (P = 0.000) than that of the plan by syn-
chronous planning approach. The dose cover-
age and conformity of PTV1 in the boost IMRT
plan by composite approach was higher than
that of the plan by synchronous approach (P =
0.000, and P = 0.000). The boost IMRT plan by
composite planning approach tended to have a
high homogeneity (P = 0.000), minimum (P =
0.000) and mean doses (P = 0.000), and a
lower maximum doses (P = 0.000) in PTV’' com-
pared to the plan by synchronous approach
(Table 4).

The isodose curve distributions for a represen-
tative patient were shown in (Figure 1) and the
DVHs were shown in (Figure 2). The isodose
curve distributions of the boost IMRT plans
between composite and synchronous planning
approaches existed significant differences
(Figure 1C, 1D). Many high dose and low dose
region existed in the result by synchronous
approach, and the isodose curve appeared
confused. With compared approach, the distri-
bution of the isodose curve was much more

Int J Clin Exp Med 2015;8(9):15975-15982



Dosimetric comparison of two different sequential IMRT plans in NPC

Figure 1. Isodose curve distributions for a representative patient with nasopharyngeal carcinoma. A. The summed
plan in the entire course designed by composite planning approach. B. The summed plan in the entire course de-
signed by synchronous planning approach. C. The boost plan in the second phase designed by composite planning
approach. D. The boost plan in the second phase designed by synchronous planning approach. Color-wash areas:
PTVg: red; PTV1: green; PTV2: blue.

uniform. In the DVH (Figure 2B), the dashed in the synchronous plan were much more
lines indicate the dose of PTVg, PTV1 and PTV’ obligue than those of the solid lines which indi-
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Figure 2. The cumulative dose volume histograms for a representative patient with nasopharyngeal carcinoma. A.
The summed plans in the entire course. B. The boost plans in the second phase. The solid lines are to the composite
plan and the dashed lines to the synchronous plan. The red lines indicate the dose of PTVg, the green lines indicate
the dose of PTV1, the blue lines indicate the dose of PTV’, and the sky-blue lines indicate the dose of PTV2.

Table 5. The differences of OARs receiving dose in The differences of OARs receiving dose in
the summed IMRT plans between synchronous and the summed IMRT plans between synchro-
composite planning approaches in the entire treat- nous and composite planning approaches

ment course

The OARs receiving dose in the summed
tvalue p-alue IMRT plans of synchronous and composite
planning approaches in the entire treatment
course was listed in (Table 5). With regard to
sparing brain stem, spinal cord and parotid
glands, there was no significant difference in
Spinal cord the summed IMRT plans between these two
DMax (Gy) 427+14 422+15 0.896 0.380 different planning approaches.

Dyuux (GY) 401+12 395+13 1081 0.291
Parotid-L The differences of segments and MUs in the

boost IMRT plans between synchronous and
composite planning approaches

Composite Synchronous
planning planning

Brain stem
Dy (GY) 539+11 53.7+0.7 1.691 0.105
Dyoxa (GY) 50411 49.8+11 1400 0.175

V.., (%) 408+24 498120 -0.001 0.999

306Gy

Parotid-R
Vaogy (%) 49.2+£29 491+31 0.130 0.898 The segments and MUs in the boost IMRT
Abbreviations: D,, = maximum point dose; D,,_ ., = maximum plans between synchronous and composite

dose covering 1% of the OAR volume; V.
receiving 30 Gy.

3 = volume of the parotids planning approaches in the second phase
were listed in (Table 6). Compared to the
boost IMRT plan by synchronous planning
approach, the boost plan by composite plan-
ning approach reduced the MUs significantly
(P=0.000). No significant difference existed
in segments between two different planning

Table 6. The differences of segments and MUs in the
boost IMRT plans between synchronous and compos-
ite planning approaches in the second phase

Compqsﬂe Synchro.nous tvalue pvalue approaches.
planning planning
Segments 79.8+4.6  79.2+43  0.371 0.716 Discussion
MUs 852.5+85.0 1264.1 + 146.1 -11.400 0.000
Sequential IMRT scheme has been clinically
applied in radiotherapy for nasopharyngeal
cate the dose in the composite plan. The dose carcinoma in many institutes [8, 9]. For some
coverage of the former target area was signifi- patients in our institute, the sequential two-
cantly lower than the latter. phase IMRT plan was also used to treat naso-
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pharyngeal carcinoma. In the initial plan, the
PTVg, PTV1 and PTV2 were planned for 59.4,
50.9 and 50.9 Gy in 28 fractions. Then the
PTVg and PTV1 were planned for 10.6 and 9.1
Gy in 5 fractions further in the boost plan.
However, the design for the planning of sequen-
tial IMRT is relatively difficult to implement
because the normal tissue constrains typically
apply to the entire treatment course rather
than the individual phase. The challenge in
planning design and optimization is determin-
ing the appropriate distribution of the normal
tissue tolerance dose between the treatment
phases [10]. The composite and synchronous
planning approaches are available for the
development of sequential IMRT plans.

The present study has shown that the DVHs of
the summed IMRT plans between composite
and synchronous planning approaches were
similar. Both of the two summed IMRT plans
were achieved according to the original plan-
ning goals (Figure 2A; Tables 3, 5). However,
the DVHs of the boost IMRT plans between
composite and synchronous planning approach-
es in the second phase existed significant dif-
ferences (Figure 2B; Table 4). The V, , of PTVg
and PTV1 in the boost plans by synchronous
planning approach is much lower than that of
composite approach (51.26 + 11.96 vs. 95.34
+ 1.15; 66.70 £+ 8.27 vs. 94.90 + 0.20). The CI
of PTVg and PTV1 in the boost plans by syn-
chronous planning approach is also much lower
than that of composite approach (0.28 + 0.12
vs. 0.78 + 0.07; 0.44 + 0.09 vs. 0.78 £ 0.03).
The HI of PTVg and PTV’ in the boost plans by
synchronous planning approach is higher than
that of composite approach (0.22 + 0.04 vs.
0.07 £ 0.02; 0.38 £ 0.07 vs. 0.13 + 0.02). At
the same time, the boost plan by synchronous
planning approach increases the MUs signifi-
cantly compared to the plan by composite
approach (1264.1 + 146.1 vs. 852.5 + 85.0).
The results suggest that the boost IMRI plan by
synchronous planning approach is inferior to
the plan by composite approach. Because the
optimization of the boost plans is the only con-
sidering the summed plan rather than the boost
plan [10]. The optimizer has taken the dose
already planned in the initial course into
account. If there were hotspots in the initial
plan, the optimizer will not need to put as much
dose in that region for the boost. This can pro-
duce coldspots in the boost. When including
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the initial plan as the base dose in the optimiza-
tion of the boost plan in the synchronous plan-
ning approach, the dose heterogeneities in the
initial plan may result in much inhomogeneous
dose distribution in the boost plan. This may be
clinically significant. Furthermore, the poor
dose distribution of the boost plan by synchro-
nous planning approach may lead to an unfa-
vorable impact on the biological effects [11-
14]. At the same time, to achieve the adjust-
ment for the heterogeneous dose distribution
extremely in the boost plan by synchronous
planning approach, more MUs is needed in the
same constrains for beam numbers in the sec-
ond course.

However, with the composite planning app-
roach, the initial and boost plans were both
designed with the fractions of entire treatment
course. After completing optimization of each
plan, the initial and boost plans were summed
directly according to the predetermined dose
and fractions of each plan. This method made
it more convenient and feasible to restriction
doses to the OARs. Moreover, with optimizing
the boost IMRT plans independently, the con-
formity and homogeneity of each target volume
would be able to meet the original require-
ments of clinic.

In conclusion, the results indicated that the
radiotherapeutic plan by composite planning
approach may be more preferable compared to
the plan by synchronous planning approach in
sequential IMRT for nasopharyngeal carci-
noma.
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