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Summary

Purpose: To evaluate the performance of volumetric arc
therapy (VMAT), dynamic intensity modulated radiother-
apy (IMRT) and step-and-shoot IMRT techniques in naso-
pharyngeal cancer (NPC) patients.

Methods: IMRT plans of 48 NPC patients treated between
May 2010 and December 2012, were evaluated. Twenty two
patients were planned with VMAT, 18 with dynamic IMRT
and 8 with step-and-shoot IMRT. Conformity index (CI)
and homogeneity index (HI), the dosimetry of the planning
target volumes (PTVs) and organs at risk (OARs) and the
monitor units (MU) were evaluated for each IMRT modal-
ity.

Results: The conformity indices of VMAT and dynam-
ic IMRT were better than step-and-shoot IMRT plans
(p<0.05). Step-and-shoot IMRT plans provided better ho-
mogeneity than VMAT (p=0.01). MUs for dynamic IMRT
were much higher compared to VMAT (p<0.01) and step-
and-shoot IMRT (p<0.01). There was no significant differ-

Introduction

NPC is endemic in the southeast Asia
and southern China. Radiotherapy (RT) has
been the mainstay treatment for patients with
non-metastatic NPC due to radiation sensitiv-
ity and complex geometry of the tumor. NPC
needs complex treatment plan management,
due to the contour of the target volume and the
OARs.

Recently, great progress has been reported
in the field of RT as a result of rapid technolog-
ical advances [1]. IMRT improves the therapeu-
tic ratio by maximizing tumor coverage and

ence between the 3 techniques in terms of PTV70 mean dos-
es. When compared with step-and-shoot IMRT, VMAT and
dynamic IMRT had a better sparing effect on optic nerves,
eyes and optic chiasm (p<0.05). VMAT plans performed
better sparing for brain stem than dynamic IMRT (p=0.01).
There was a remarkable decrease in the maximum doses of
VMAT to the eye.

Conclusions: VMAT outperforms dynamic IMRT by ef-
fectively reducing the MU and the dose to some OARs, with
adequate PTV coverage. Also, VMAT provides better spar-
ing of normal tissue and conformity than step-and-shoot
IMRT. Differences between step-and-shoot IMRT and dy-
namic IMRT are thought to be due to technical differences
of linear accelerator devices like fiber size, variable fiber,
dose rate and gantry.

Key words: intensity modulated arc therapy, intensity
modulated radiotherapy, nasopharyngeal carcinoma, radi-
otherapy

sparing normal tissues [2,3]. IMRT provides
better dose distribution to the target volume
with lower dose for OARs in NPC [4,5]. A novel
technique, VMAT, an arced-based approach to
IMRT, can be delivered with a linear accelerator
with conventional multileaf collimator (MLC).
During VMAT, the leaves of MLC move con-
tinuously as the gantry rotates [6]. It’'s shown
that VMAT was able to apply high-quality NPC
treatment plans with adequate PTV coverage,
and normal tissue sparing in the literature [7].
This study was performed to evaluate the
performance of VMAT, dynamic IMRT and
step-and-shoot IMRT tecniques in NPC.
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Methods

IMRT plans of 48 NPC patients treated between
May 2010 and December 2012 were evaluated. Patient
median age was 43 years (range 14-79) and 73% of the
patients were male. Patients were classified according
to American Joint Committee on Cancer (AJCC) staging
system 2009 [8]. The majority of the patients had ad-
vanced clinical stages (stage III/IV:72.9%) with undif-
ferentiated histology (70.8%). All of the patients were
free of distant metastases.

Planning CT

Immobilization of patients was provided with
thermoplastic head and shoulder mask. Imaging was
performed from the top of the head to the lower part of
the sternoclavicular joint with 2.5 mm sliced images.

Contouring

PET-CT or MRI images were fused with planning
CT for all patients. The gross tumor volume (GTV70)
was defined as the primary tumor and involved lymph
nodes considering physical examination, endoscopic
findings, CT, PET-CT, and magnetic resonance imag-
ing. The clinical target volumes (CTVs) were created
as CTV70: GTV+ 5mm margin, CTVG60: entire nasophar-
ynx, and CTV54 was defined as the low risk region (en-
tire nasopharynx, posterior ethmoids, posterior third of
the nasal cavity and maxillary sinuses, inferior sphe-
noid sinus, clivus, cavernous sinuses and elective nodal
areas). While neck lymph node levels II-V were includ-
ed in CTV54 in all cases, level Ib was included when
an adjacent level was involved. Planning treatment
volume (PTV) was created by adding 3 mm margin to
CTV. Eyes, lenses, optic nerves, chiasm, pituitary gland,
mandible, temporal lobes, brain stem, spinal cord, pa-
rotid glands, submandibular glands, oral cavity, tem-
poromandibular joints, larynx, thyroid gland, cochleas,
pharyngeal muscles and brachial plexus were deline-
ated as OARs. Target volumes and critical organs were
delineated according to RTOG Atlas [9].

Planning

Doses to primary tumor and involved lymph
nodes, high risk region, and uninvolved regional nodal
areas were 70, 60, and 54 Gy, respectively and planned
simultaneously over 33 fractions to 39 patients. Nine
patients received 70 Gy to primary tumor and involved
lymph nodes and 50 Gy for electively irradiated neck
nodes with sequential boost tecnique.

Treatment goals were: at least 95% of the PTV
should receive 100% of the prescribed dose, and max-
imum dose (Dmax) should not exceed 107%. 98% of
PTV70 volume should receive 95% of the prescribed
dose and no more than 2% of PTV70 volume should re-
ceive more than 107% of the prescribed dose. For OARs,
dose constraints were taken from the Radiation Thera-
py Oncology Group (RTOG). According to this, maxi-
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mum doses to spinal cord and brain stem were limited
to 45 Gy and 54 Gy, respectively. At least one parotid
gland mean dose was aimed to be less than 26 Gy or the
volume receiving 30 Gy radiation should be less than
50% of the parotid volume.

Planning techniques
VMAT plan

Twenty two patients were planned with VMAT
plan, using Eclipse (v 8.6) treatment planning system.
Varian Rapid-Arc linear accelerator, equipped with a
millennium MLC with 120 leaves, was used for treat-
ment. Six-MV photon beams were applied to treatment
plans with a maximum dose rate of 600 MU/min.

Dynamic IMRT plan

Eighteen patients were planned with dynamic
IMRT plan, using Eclipse (v 8.6) treatment planning
system, which used 7-9 angles to evenly separate co-
planar fields. Six-MV photon beams were applied and a
fixed dose rate of 300 MU/min was selected.

Step-and- shoot IMRT plan

Eight cases were planned using Prowess Panther
V5.01 planning system. The plan was delivered on an
Electa Synergy Linac, equipped with an 80-leaf, 1cm
MLC with step-and-shoot IMRT. Six MV photon beams
were applied, 7-9 angles were used and a fixed dose rate
of 600 MU/min was selected.

Dose evaluations

Conformity index (CI), homogeneity index (HI),
monitor units (MU), dosimetry of PTV, and OARs were
evaluated for each IMRT modality.

Statistics

Kruskal-Wallis test was used for statistical evalu-
ation of each of the 3 tecnique. Mann Whitney U test
was used for Npar analysis to compare dual groups.
Statistical significance was set at p<0.05.

Results

CI

There was no significant difference between
VMAT and dynamic IMRT in conformity, while
the conformity indices of VMAT (1.19) and dy-
namic IMRT (1.10) were better than step-and-
shoot IMRT plans (1.35, p<0.05; Table 1).

HI

Step-and-shoot IMRT plans provided better
homogeneity (1.07) than VMAT (1.08, p=0.01).
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Table 1. Comparison of MU, CI and HI
p value
VMAT Dynamic IMRT Ste"’ﬂg;ho"t Dynamic IMRT
Mean+SD Mean+SD VMAT vs dy- VMAT vs step

Mean+SD namic IMRT ~ and shoot IMRT *° Steﬁ\zgi shoot
PTV70 2* 106.02 £ 1.36 105.9 + 1.36 106.74 + 1.20 >0.05 >0.05 >0.05
98* 98.6 £1.13 979 +2.14 95.6 + 3.35 0.15 0.00 0.16
Mean 103.2 £ 0.67 1034 £ 0.71 103.0 £ 2.06 >0.05 >0.05 >0.05
CI 1.19+0.25 1.10+£0.12 1.35+0.26 0.31 0.04 0.00
HI 1.08 + 0.01 1.08 + 0.03 1.07 £ 0.01 0.63 0.01 0.05
MU 548.1+£249.8 1657.2+674.8 451.3+41.2 0.00 0.59 0.00

*: % prescribed dose, VMAT: volumetric modulated therapy, PTV: planning target volume, SD: standard deviation, MU: monitor units,
CIL: conformity index, HI: homogeneity index, IMRT: intensity modulated radiotherapy

MU

MUs for dynamic IMRT (1657.2) were much
higher compared to VMAT (548.1, p<0.01) and
step-and-shoot IMRT (451.3, p<0.01; Table 1).
MU values were similar with VMAT and step-
and-shoot IMRT.

IMRT techniques

PTV coverage: There was no significant
difference among the 3 techniques in terms
of PTV70 mean doses. Two percent of PTV70
for VMAT, dynamic IMRT and step-and-shoot
IMRT tecnique were 106.02+1.36, 105.9+1.36
and 106.74+1.20, respectively. Ninety eight per-
cent were 98.6+1.13, 97.9+2.14, and 95.6+3.35
for the 3 modalities, respectively. Also PTV-
70 Dmean were 103.2+0.67, 103.4+0.71 and
103.0+2.00, respectively (Table 2).

OAR

When compared with step-and-shoot IMRT,
VMAT and dynamic IMRT had a better sparing
effect on optic nerves, eyes and optic chiasm
(p<0.05). VMAT plans performed better sparing
for brain stem (max:53.2) than dynamic IMRT
(max:56.5, p=0.01). There was a remarkable de-
crease to maximum doses to eyes with VMAT.
There was no significant difference in the ef-
fect of parotid glands, cochlea, submandibular
glands and spinal cord sparing among the 3
techniques. The mean or average doses to the
OARs in the 48 NPC patients are listed in Table
2.

Discussion

RT is fundamental for local NPC treatment.
When compared to the other head and neck can-
cers, NPC has better treatment outcomes and

life expectancy. Five-year survival can reach
85% at early-stage disease [10-12]. As men-
tioned above, because of complex geometry of
the tumor and surrounding critical structures,
treatment planning for NPC is difficult. There-
fore, sparing normal tissues has become an im-
portant issue.

As a result of advances in planning and im-
plementation of RT, various approaches have
emerged. Improvement in tumor target cover-
age and significant sparing of adjacent critical
structures allow the feasibility of IMRT for
NPC. IMRT is characterized by multi-angular
beams while gives the dose cross-sectional.
Also, VMAT is a novel IMRT technology that
uses a linear accelerator to implement modu-
lated radiation dose to 360 degrees in a single
gantry. Dose is given to all volume rather than
sectional delivery. Treatment is performed us-
ing rotational or arc geometry instead many
static beams, which is thought to deliver a more
homogeneous dose in the target area. Dose rate,
gantry rotation speed and MLC fiber velocity
vary during treatment [13].

There are several studies that emphasized
the comparison between VMAT and IMRT in
head and neck cancer, including NPC [14-16].
According to a study by Vanetti et al. [17] VMAT
provided a better sparing effect to OARs com-
pared to conventional fixed field IMRT with
similar target coverage in head and neck can-
cers. VMAT reduced the mean dose to the con-
tralateral parotid gland by 13.5% while the dec-
rement of maximal doses to the spinal cord and
brain stem were 8.9% and 35.1%, respectively.
According to the present study, VMAT provided
better doses to some OARs such as brain stem,
eyes, optic chiasm and optic nerves, although
we couldn’t clearly mention a superiority in
terms of PTV coverage. Besides, VMAT and dy-
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Table 2. Comparison of normal tissue doses

Dynamic Step and shoot prvalue )
M‘gﬁﬁ;} Mlel;/fﬁTSD Milc\l/fnliTSD VMAT vs dy-  VMAT vs step D Zfs‘“s’;’el; %gT
z = namic IMRT  and shoot IMRT shoot IMRT
Spinal cord Max 447 £ 149 448 £2.5 445+ 1.7 >0.05 >0.05 >0.05
Brain stem Max 532+3 56.5+44 54.6+3 0.01 0.15 042
Parotid Rmean 33.7:94 34.1x16 418 +13.1 >0.05 >0.05 >0.05
Lmean 314:+9 36.5+11 421 + 144 >0.05 >0.05 >0.05
Eye R max 20.6 +12.5 26.6 £ 5.7 31.6+123 0.00 0.02 0.12
L max 192+ 104 27.1+06.8 35.5+ 159 0.00 0.02 0.09
Lens R max 59+22 43+ 0.9 78+39 0.00 0.04 0.00
L max 59+23 44+09 11.7+114 0.00 0.12 0.01
Optic chiasm  Max 18.8+16.8 50.9 + 16.07 54.6+144 0.00 0.00 0.66
Optic nerves R max 284 £ 16.1 479 + 11 475+ 109 0.00 0.00 0.80
L max 27 +16 475+ 9.6 48.6 + 10.5 0.00 0.00 0.66
Cohlea Rmean 43986 46.7 £ 152 551+9.7 >0.05 >0.05 >0.05
Lmean 46.5+10.7 447 +16.2 522 +94 >0.05 >0.05 >0.05
Submandibu- R max 555+99 52.6 +11.9 564 £ 6.6 >0.05 >0.05 >0.05
lar gland Lmax  57.06+8 51112 558 + 54 ~0.05 ~0.05 >0.05

R: right, L: left, Max: maximum dose, Mean: mean dose. For other abbreviations see footnote of Table 1

namic IMRT demonstrated similar conformity,
better than step-and-shoot IMRT did.

Our study has several limitations. First, it is
a retrospective study. Second, the patient tumor
volumes were different. Third, the number of
patients were different in the groups, with rel-
atively small sample size in the step-and-shoot
IMRT group. Therefore, the varieties of plans
should be considered. Verbakel et al. showed
improved homogeneity with VMAT [14]. In
the current study, step-and-shoot IMRT plans
provided a better homogeneity than VMAT and
similar to the dynamic IMRT .

IMRT for NPC requires complex plan man-
agement, more fields and MUs. This planning
may require prolonged treatment time. In the
case of prolonged fraction time, despite a very
good immobilization, position shifts and in-
crease in movement during swallowing may
occur. Eventually, clinical efficacy may be re-
duced. Shibamoto et al. showed that the reduc-
tion of the treatment time may increase the
biologic effect of RT [18]. Bradley et al. investi-
gated swallowing function during treatment of
head and neck cancers [19]. They reported that
while swallowing frequency was 3-19 times in
one treatment fraction, the time interval was
4.8 sec for swallowing and the shift of the target
volume was 3.13-12.32 mm during treatment.
The authors estimated that the swallowing
movement and the position shift would de-
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crease the accuracy of the target volume due to
longer treatment delivery time. Compared with
conventional IMRT, recent data indicates that
VMAT reduces treatment time by using less
monitor units [14,16] In the present study, MU
values were similar with VMAT and step-and-
shoot IMRT techniques, while two-thirds less
monitor units than dynamic IMRT were neces-
sary. As a result, we may prefer VMAT due to
increasing the accuracy of therapy, and improv-
ing the effectiveness of treatment by reducing
the delivery time.

There is another important issue that
needs to be addressed and interests physicists;
for a sufficient VMAT plan, plan optimization
will take more than 17 hrs for VMAT for one
locally advanced NPC, while only 0.5-1 h for
IMRT [20]. New strategies should be developed
to reduce planning time for VMAT. This should
be discussed in another study.

In conclusion, VMAT outperforms dynamic
IMRT by effectively reducing MU and dose to
some OARs, with adequate PTV coverage. Also,
VMAT provides better sparing of normal tis-
sue and conformity than step-and-shoot IMRT.
Differences between step-and-shoot IMRT and
dynamic IMRT are thought to be due to techni-
cal differences of linear accelerator devices like
fiber size, variable fiber, dose rate and gantry.
Future well-designed studies are required to
evaluate clinical outcomes.
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