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Advantages of VMAT-IMRT technique in nasopharyngeal 
cancer

ORIGINAL STUDY

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is one of the 
most frequent nasopharyngeal malignant tumors. It is 
a common pathology among Asians, with a high inci-
dence rate of 20 – 50 cases/100,000 people/year in 
the Southern part of China, Southeast Asia, North of 
Africa and Middle East1. In non-endemic areas the in-
cidence is below 1/100,000 people/year2. The devel-
opment of NPC seems to be due to the interaction 
between Epstein-Barr virus (EBV) chronic infection, 
genetic and environmental factors. In endemic areas, 
most nasopharyngeal carcinomas are poorly and un-
differentiated squamous cell carcinoma, while in west-
ern countries the keratinizing type is prevalent3.

Being an epithelial tumor, it has a high sensibility to 
radiotherapy. Therefore, the radiotherapy is the main 
method of treatment in both early and advanced 
stages, associated with neoadjuvant and concurrent 
chemotherapy. Because of its location at the skull 

base, in close proximity to vital organs (ears, eyes, 
optic nerve, optic chiasm, temporal lobes, brain stem, 
salivary glands), multiple radiation techniques were 
developed to protect those structures. Different stud-
ies have shown the advantages and the superior results 
of intensity modulated radiation therapy (IMRT) over 
two-dimensional and three-dimensional conformal ra-
diotherapy4-6. IMRT can provide high doses of radia-
tion to the primary tumor and decreased doses to the 
surrounding tissues, reducing the secondary radiation 
effects and, in this way, improving patients’ quality of 
life. 

Volumetric modulated arc therapy (VMAT), imple-
mented by Karl Otto in 2008, is considered to be one 
of the most promising technologies with a very high 
potential of rising quality of radiotherapy7. It has more 
flexibility of dose delivery through a full range of an-
gles with continuous modulation of beam aperture 
and variable dose rate8. It produces superior target 
coverage, improving the protection of organs at risk 
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and reduces the treatment time9. A hybrid technique 
combining IMRT and VMAT was developed in order 
to remove the limits of each method and to improve 
the dose distribution by increasing the freedom to find 
the optimal combination of angular sampling and in-
tensity modulation8.

MATERIAL AND METHODS

We analysed 30 patients diagnosed with nasopharyn-
geal carcinoma in “Sfanta Maria” Clinical Hospital be-
tween October 2012 and December 2014. All patients 
have undergone nasal endoscopic exam and biopsy for 
histological diagnosis. The patients’ evaluation also 
included a CT scan/MRI of head and neck, chest radi-
ography/CT scan, complete blood count and bio-
chemical profile. All patients were staged according to 
the TNM system of American Joint Committee on Can-
cer (AJCC).

All patients have undergone radiotherapy with con-
current chemotherapy +/- induction chemotherapy. 
In all patients the VMAT-IMRT technique was applied. 
For CT simulation, a custom head and shoulders mask 
was used, with the patient in supine position, perform-

ing 3-mm-thick CT images from the vertex to 5 cm in-
ferior to the clavicular heads. 

Target volume and normal structures were con-
toured on axial CT slice using Radiation Therapy On-
cology Group (RTOG) guidelines. The CT images 
were imported into the treatment planning computer 
(Figure 1).

For radiation therapy planning the Pinnacle3 sys-
tem, version 9.4, was used, which allows to maximize 
the target volume prescribed dose and, at the same 
time, to minimize the critical organs dose. For VMAT-
IMRT an inverse planning was performed (a specific 
dose was applied for every session of the treatment, 
according to the total radiation dose prescribed). The 
obtained results were analysed with the evaluation 
module of the treatment plan. At this point, a dose-
volume histogram is used to show the percentage of 
the radiation dose received by the volume percent of 
a structure (Figure 2). It is necessary that the target 
zone receives enough amount of radiotherapy (at least 
95% of the prescribed dose). 

For the critical organs, optimization parameters were 
established to avoid severe secondary effects that could 
be triggered. In nasopharyngeal cancer, organs at risk 
are considered to be the spinal cord, the brainstem, the 

Figure 1 Target volumes and radiation dose distribution of a patient with stage II of the disease
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optic chiasm, the eyes, the optic nerves, the cochlea, the 
parotid glands, and the maximum doses for them are as 
follows: 54 Gy for the brainstem, the optic nerves and 
the optic chiasm, 45 Gy for the spinal cord, <26 Gy for 
the parotid glands and < 50 Gy for the inner ear.

Radiotherapy is a sequential treatment; therefore, 
the dose prescription was done in two stages: 

 • I - 25 radiotherapy sessions, a dose of 50 Gy in 
daily fractions of 2 Gy was applied to the gross 
primary tumor and lymphatic system (Planned 
Target Volume – PTV50);

 • II - 10 radiotherapy sessions, a dose of 20 Gy in 
daily fractions of 2 Gy was applied to the primary 
tumor, resulting in a total dose of 70 Gy (Planned 
Target Volume – PTV70).

The planned target volume should provide a mini-
mum margin of 3-5 mm around the clinical target vol-
ume1. 

Induction chemotherapy was administrated in 4-8 
series of Docetaxel 50 mg/m2/day, Cisplatin 100 mg/
day or Carboplatin AUC= 2-4/day and Capecitabine 
2000 mg/m2/day. Chemotherapy administrated con-

comitant with radiotherapy included 5-7 series of Cis-
platin 40 mg/day or Carboplatin AUC=2/day, accord-
ing to patient’s tolerance. In all patients the acute tox-
icity of the treatment was evaluate.

At the end of the treatment, patients were included 
in a follow-up control plan, the evaluation being per-
formed at one, three and six months, and then every 
six months for 2 years. Each visit consisted of clinical 
and endoscopic examination, complete blood count 
and biochemical profile, and imaging evaluation (CT 
scan/MRI) every six months. We evaluated the treat-
ment response at 1, 12, 18 and 24 months after the 
end of the treatment. In case of persistent disease or 
tumor recurrence, a biopsy was performed.

RESULTS

In this study, we analysed 30 patients diagnosed with 
nasopharyngeal cancer (Figure 3). 22 were men and 8 
women, aged between 21-78 years, (median age of 47.5 
year, standard deviation = 15.502).

Figure 2 Dose-volume histogram on target volumes and OARs of the same patient with stage II NPC
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All patients were staged according to the TNM sys-
tem as follows: 2 patients with stage I, 5 patients with 
stage II, 8 patients with stage III and 15 patients with 
stage IV (Graphic 1). 

According to the World Health Organisation 
(WHO) classification of nasopharyngeal carcinoma 
histological type, we found 18 patients with type IIa, 7 
patients with type IIb, 1 patient with type I and 4 pa-
tients with other histological diagnosis (anaplastic 
large cell lymphoma, adenoid cystic carcinoma, malig-
nant melanoma, plasmacytic plasmacytoma) (Table 1). 
Before performing radiotherapy, 19 patients were 
treated with induction chemotherapy (one patient with 
stage II, 6 patients with stage III and 12 patients with 
stage IV), while 27 patients underwent concurrent 
chemoradiotherapy and 3 patients only radiotherapy. 

At the end of the radio-chemotherapy treatment, 27 
patients (90%) showed complete tumor and lymphatic Graphic 1 Patients’ distribution regarding TNM stage

Table 1
Patients’ characteristics

 Number of cases %

Gender

Males 22 73.33

Females 8 26.66

Total 30 100

Histopathological type

WHO type IIa 18 60

WHO type IIb 7 23.33

WHO type I 1 3.33

Other 4 13.33

Total 30 100

Treatment

Induction Chemotherapy 19 63.33

Radio-chemotherapy  27 90

Radiotherapy 3 10

Figure 3 Descriptive statistics of age distribution
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response and 3 of them (10%) presented a partial re-
sponse: a 21-year-old male with stage III of disease 
(cT2N2M0) had complete tumor response, but progres-
sive disease at cervical nodes; a 73-year-old male with 
stage IVA of disease (cT4bN2bM0) presented a reduction 
of the tumor mass and complete lymphatic response; 
a 48-year-old female with stage IVA (cT4N2M0) showed 
important decrease of the tumor volume. 

We evaluated the treatment response at 1, 12, 18 
and 24 months after the end of the treatment. It was 
observed that 25 patients were tumor-free at 24 
months, 2 deceased and 3 with recurrences (Table 2).

Although at the end of the treatment 27 patients 
(90%) were free of tumor, at the end of the follow-up 
period 25 (83.33%) patients had complete response.

All patients completed the radio- and chemotherapy 
without any interruption. Those patients with high tox-

icity and bad tolerance of the treatment received sup-
portive nutritional therapy in order to avoid disconti-
nuity of the oncologic treatment. In Table 3 we ana-
lysed the acute complication of chemo-radiotherapy, 
depending on the toxicity grade and patient stage.

Our study also shows decreasing rates of acute toxic-
ity during the radiotherapy. Only 4 patients had grade 
III dermatitis, 4 patients presented grade III xerosto-
mia. Grade III of mucositis or dysphagia was observed 
in 2, respectively 4 patients. 

It is important to mention that adverse effects of 
radio-chemotherapy like dermatitis, mucositis and xe-
rostomia were correlated with TNM degree (signifi-
cance level p-values < 0.05).  In our study, dysphagia 
did not correlate with TNM degree (p-value > 0.05) 
but was well correlated with mucositis (p = 0.02)  
(Table 4).

Table 2
Treatment response in the follow-up period

Evaluation Tumor-free Recurrence Deceased

1st month 27 3 0

12 months 26 4 0

18 months 25 5 0

24 months 25 3 2

Graphic 2 Complete treatment response during the follow-up period
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DISCUSSIONS

The treatment of nasopharyngeal cancer consists 
mainly in radiotherapy associated with neoadjuvant 
and concurrent chemotherapy. 

The necessity of using hybrid VMAT-IMRT tech-
nique in nasopharyngeal cancer emerged from the 
need to reduce the weak points of each technique. In 
IMRT the conformity of dose distribution is often li-
mited because of the dissipated angular sampling, 

Table 3
The acute complication of chemo-radiotherapy, depending on the toxicity grade and patient stage 

VMAT-IMRT

TNM stage I II III IV Total patients

Dermatitis

Grade I 1 - 1 6 8

Grade II 1 4 4 1 10

Grade III - 1 1 2 4

Grade II - 2 3 1 6

Grade III - - - 2 2

Xerostomia

Grade I 2 3 3 4 12

Grade II - 2 2 5 9

Grade III - - 1 3 4

Dysphagia

Grade I 2 2 1 4 9

Grade II - 1 4 1 6

Grade III - 2 - 2 4

Table 4 
Table of correlation between adverse effects of radio-chemotherapy

Variables TNM Dermatita Mucositis Xerostomia Dysphagia

TNM 0 0.006 0.016 0.046 0.061

Dermatitis 0.006 0 0.014 0.022 0.066

Mucositis 0.016 0.014 0 0.022 0.020

Xerostomia 0.046 0.022 0.022 0 0.065

Dysphagia 0.061 0.066 0.020 0.065 0

Values in bold are different from 0 with a significance level alpha = 0.05
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while VMAT has sufficient angular sampling; it did not 
provide the desired intensity modulation in some beam 
directions. Therefore, the hybrid VMAT-IMRT tech-
nique improve the dose distribution by finding the best 
combination of angular sampling and intensity modu-
lation and, in this way, allows the administration of a 
high dose of radiation to the primary tumor, providing, 
at the same time, an adequate protection of the critical 
structures. There are studies which demonstrated the 
efficacy of association of these two techniques8,10.

It was demonstrated that PTV70 applied by another 
radiation technique, as 3D conformal radiotherapy, may 
produce severe side effects, like radiation myelitis11,12.

Also, VMAT-IMRT presents a better conformity 
index and a homogeneity index for both PTV70 and 
PTV50, compared with other radiation techniques8,13.

In the current study, VMAT - IMRT was used in 
every patient. At the end of the treatment, 90% of pa-
tients had complete response, and only 10% of pa-
tients achieved a partial response. 

The association of radiotherapy with chemotherapy 
can improve the loco-regional control rate14, but it may 
also increase the toxicity (hematologic toxicity, oral mu-
cositis). The capacity of IMRT in reducing doses of ir-
radiation in non-target tissues decreases also the rates 
of producing acute toxicity. Multiple studies indicate a 
lower incidence of acute toxicity of radiotherapy15,16. 

For those patients with low tolerance of the treat-
ment, supportive nutrition can be administered, in 
order to prevent therapy interruption.

In our study, the disease response, confirmed by 
clinical and imagistic examination in the follow-up pe-
riod, were comparable with other studies involving 
IMRT or VMAT-IMRT17,18.

There are some limitations of this study. The imple-
mentation of VMAT-IMRT in Romania for about 3 
years determined a short follow-up for our analysis. We 
should know the survival rate at 5 years after the treat-
ment. To assess the role of VMAT-IMRT in the loco-
regional control of nasopharyngeal cancer further 
prospective studies with bigger sample size are needed.

CONCLUSIONS

VMAT-IMRT in association with chemotherapy 
treatment is well tolerated by patients. The good re-
sults reflected in high rates of cured patients, the low 
incidence of side effects, recommend this treatment 
plan as an optimal indication for nasopharyngeal tu-
mors.
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