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Abstract

Background: The purpose of the study was to evaluate the toxicity and outcome of nasopharyngeal carcinoma patients 

treated using 3-dimensional conformal radiotherapy (3DCRT) or volumetric modulated arc therapy (VMAT) technique.

Materials and methods: 68 patients treated between 2006 and 2018 were retrospectively analysed. Since 2009 patients 

received 3DCRT with 50/70 Gy to the elective/boost volumes in 35 fractions; from then, VMAT with simultaneous integrated 

boost (SIB) with 54.45/69.96 Gy in 33, or 54/66 Gy in 30 fractions. Induction chemotherapy was administered in 74% of the 

patients, concomitant cisplatinum in 87%. Acute and late toxicity data, progression-free survival PSF and overall survival OS, 

and toxicity correlations with dose metrics were reported.

Results: With a median follow-up of 64 months, complete remission at the last evaluation was in 68% of the patients, while 

28% and 9% had locoregional relapse and distant disease, respectively. The 5- and 10-year progression free survival (PFS) rates 

were 62.7 ± 6.5% and 53.2 ± 8.7%, respectively. The 5- and 10-year OS rates were 78.9 ± 5.5% and 61.4 ± 9.2%, respectively. 

At the multivariate Cox analysis TNM stage (p = 0.02) and concomitant chemotherapy (p = 0.01) resulted significant for PFS, 

concomitant chemotherapy (p = 0.04) for OS. 

Improvements in acute toxicity were presented for VMAT patients due to its ability to spare OARs. Odds ratio (OR) for acute 

salivary toxicity, between VMAT and 3DCRT, was 4.67 (p = 0.02). Dosimetrically, salivary toxicity correlated with mean parotid 

dose (p = 0.05), dysphagia with laryngeal (p = 0.04) and mean oral cavity (p = 0.06) doses, when dose-volume histograms 

(DVHs) are corrected for fractionation. 

Conclusion: This study is a proof of a significant benefit of the VMAT technique compared with 3DCRT in terms of side effects 

in nasopharynx patients, and adds dosimetric correlations.
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Introduction

Nasopharyngeal carcinoma (NPC) is a type of 
tumour characterized by different geographical in-
cidence, with extremely high incidence in China 
and Southeast Asia [1]. The most common his-
tological subtypes of NPC include keratinising 

squamous cell carcinoma (SCC), non-keratinizing 
differentiated carcinoma and non-keratinising un-
differentiated carcinoma, classified by the World 
Health Organization (WHO) as subtypes I, II and 
III, respectively [2].

In non-endemic regions, including Europe, the 
majority of cases of NPC are EBV-negative kera-
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tinising SCC or non-keratinising differentiated 
carcinoma, characterized by poorer survival and 
reduced rates of locoregional and distant disease 
control [3,4].

Radiotherapy (RT), with or without concomitant 
chemotherapy, represents the standard of care for 
NPC. With the development of intensity-modulated 
radiation therapy (IMRT), a significant advantage 
in terms of healthy tissue sparing and improved lo-
cal control was observed for NPC patients. With lo-
cal control rates ranging between 88% and 97% [3, 
5–7], and promising survival rates, IMRT is now-
adays considered the standard RT technique for 
NPC. The benefit of the IMRT technique in NPC 
has been demonstrated also in terms of reduction 
of side effects, in particular salivary gland function 
and quality of life [8, 9]. Kam et al. randomized 60 
NPC patients to 2DRT versus IMRT with primary 
end-point to evaluate rates of xerostomia. At 1 year 
after treatment, patients treated with IMRT had 
a lower incidence of severe xerostomia than pa-
tients in the 2DRT arm (39.3% vs. 82.1%; p = 0.001) 

[8]. More recently, to overcome limitations of the 
IMRT technique, arc therapy has been developed 
in the form of volumetric modulated arc therapy 
(VMAT). The concept of VMAT is the possibility 
to deliver radiation from a continuous rotation of 
the source and allows the patient to be continuously 
treated up to 360 degrees. The main advantage of 
VMAT compared to standard IMRT is the shorter 
treatment time. Additionally, relatively to certain 
IMRT deliveries (in particular the sliding window 
technique and those not based on direct aperture 
optimization), VMAT presents monitor unit and 
integral dose reductions, which could be of benefit 
for some side effects or second cancer induction 
risk [10–12]. 

However, despite the state of the art today is the 
VMAT (or IMRT) technique, according to an ES-
TRO survey on centres of 24 European countries 
[13, 14], in 2016 almost 30% of the interviewed 
institutions declared to treat the head and neck 
site with the 3-dimensional conformal radiotherapy 
(3DCRT) technique. This fact highlights that there 
is still the need to leverage, also in the developed 
countries, the treatment quality with the adoption 
of advanced technologies to reduce the side effects 
of radiotherapy.

Aim of the present study was to evaluate the 
pattern of toxicity and outcome of a cohort of NPC 

patients treated with radical RT, in the form of the 
3DCRT or VMAT technique, with or without con-
comitant chemotherapy. Additionally, possible cor-
relations between toxicity and dose metrics were 
assessed.

Materials and methods 

Patients selection
From 2006 to 2018 a total of 68 patients affected 

by NPC received RT treatment in our institution. 
All patients were treated in agreement with the 
Helsinki declaration. Informed consent was ob-
tained from all individual participants included 
in this study. A retrospective analysis of the treat-
ment charts had been approved by our institution-
al ethical committee, and here reported. Patients 
were staged according to the American Joint Com-
mittee on Cancer (AJCC) staging system. Patient 
characteristics and treatment data are summarized 
in Table 1. Before treatment, patients had staging 
work-up through history, head and neck clinical 
examination, CT, MRI, and PET scans.

Patient treatments
The patients were all immobilised with individu-

alised thermoplastic masks, in a supine position. 
A simulation CT with 3 mm slices and contrast-en-
hancing agent were acquired for all patients, co-reg-
istered with contrast-MRI and/or an 18FDG-PET 
to better define the targets. Based on the images, 
the gross tumour volume (GTV) was delineated. 
The high-risk clinical target volume (CTV) was 
defined as the GTV with an isotropic 1 cm margin, 
corrected for anatomical boundaries. The low-risk 
CTV included the elective nodes and was delineat-
ed according to internationally accepted guidelines 
[15, 16]. A margin of 5 mm was added to both the 
CTVs to obtain the high- and low-risk planning 
target volumes (PTV). PTVs were limited to 5 mm 
within the patient outline for optimization purpos-
es (while the evaluation was on the intact PTVs). 
The following organs at risk (OAR) were contoured: 
parotid glands, oral cavity, submandibular glands, 
larynx, thyroid, eyes, brainstem, and spinal cord. 

The patients treated before 2009 received 3DCRT. 
In 2009, the VMAT technique (in the RapidArc 
form) became the standard in our institution. All 
treatments were planned on the Eclipse (Varian 
Medical Systems) treatment planning system. 
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3DCRT patients were planned with multiple 
plans to deliver 50 Gy to the low-risk PTV and an 
additional boost of 20 Gy to the high-risk PTV, in 
fractions of 2 Gy. The beam arrangement included 
only photon fields (mixed 6 and 18 MV) in a single 
isocentre setting, located at the matching plane 
of the upper and lower neck fields. In most of the 
cases the upper part of the volume was covered 
by lateral fields (shaped with and without exclu-
sion of the spinal cord, in a sort of field-in-field 
setting), and the lower part by the anterior and 
posterior fields excluding the spinal cord. The field 
entrances were similar for the boost plan (in some 
cases only the lateral fields were used, depend-
ing on the tumour extension and nodal region 
involvement).

The patients treated with VMAT were planned 
for simultaneous integrated boost (SIB). Patients 
were treated in 33 fractions of 2.12 and 1.65 Gy to 
the high- and low-risk volumes, for total doses of 
69.96 Gy and 54.45 Gy, respectively, or in 30 frac-
tions of 2.2 and 1.8 Gy to deliver 66 Gy and 54 Gy 
to the high- and low-risk PTVs, respectively. The 
VMAT plans were optimized with the Progressive 
Resolution Optimizer, PRO versions from 8.5 to 
11. The arc arrangement was, in about two-thirds 
of the patients, of two arcs with collimator angles 
between ± 5° and ± 35°, depending on the patient 
and target anatomy, or two arcs with collimator 
angle of 90°, overlapping in the longitudinal direc-
tion of at least 2 cm. The field size was kept within 
15 cm in the X direction to improve modulation. 

Table 1. Patients and disease characteristics

Number of patients
All 3DCRT VMAT

68 18 (26.5%) 50 (73.5%)

Follow-up Median [range] months 64 [1, 154] 110 [4, 154] 55 [1, 129]

Age
Median [range]

Mean ± SE

50 [18, 82]

53 ± 2

51 [20, 82]

53 ± 4

50 [18, 79]

52 ± 2

Gender
Male 

Female

57 (83.8%)

11 (16.2%)

18 (100.0%)

0 (0.0%)

39 (78.0%)

11 (22.0%)

Performance status

0

1

2

54 (79.4%)

11 (16.2%)

3 (4.4%)

13 (72.2%)

3 (16.7%)

2 (11.1%)

41 (82.0%)

8 (16.0%)

1 (2.0%)

Histology

Keratinizing SCC

Non-keratinizing differentiated 
carcinoma

Non-keratinizing undifferentiated 
carcinoma

11 (16.2%)

10 (14.7%) 

47 (69.1%) 

2 (11.1%)

2 (11.1%) 

14 (77.8%) 

9 (18.0%)

8 (16.0%) 

33 (66.0%) 

T stage

1

2

3

4

16 (23.5%)

22 (32.4%)

9 (13.2%)

21 (30.9%)

5 (27.8%)

8 (44.4%)

0 (0.0%)

5 (27.8%)

11 (22.0%)

14 (28.0%)

9 (18.0%)

16 (32.0%)

N stage

0

1

2

3

8 (11.8%)

17 (25.0%)

35 (51.5%)

8 (11.8%)

1 (5.6%)

3 (16.7%)

10 (55.6%)

4 (22.2%)

7 (14.0%)

14 (28.0%)

25 (50.0%)

4 (8.0%)

TNM stage

1

2

3

4a

2 (2.9%)

12 (17.6%)

29 (42.6%)

25 (36.8%)

0 (0.0%)

3 (16.7%)

9 (50.0%)

6 (33.3%)

2 (4.0%)

9 (18.0%)

20 (40.0%)

19 (38.0%)

Induction CT
No

Yes 

18 (26.5%)

50 (73.5%)

5 (27.8%)

13 (72.2%)

13 (26.0%)

37 (74.0%)

Concomitant CT
No

Yes

9 (13.2%)

59 (86.8%)

3 (16.7%)

15 (83.3%)

6 (12.0%)

44 (88.0%)

3DCRT — 3-dimensional conformal radiotherapy; VMAT — volumetric modulated arc therapy; SE — standard error; SCC — squamous cell carcinoma;  
CT — chemotherapy
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The remaining one-third of the plans had four arcs: 
two long ones with collimator angles between ± 5° 
and ± 15°, and two with collimator angle of 90°, 
overlapping in the longitudinal direction of at least 
2 cm. 

Dose planning goals for PTVs were: 95% of 
the prescribed dose should cover 95% of the PTV 
(V95% > 95%); near-to-maximum dose to high-risk 
PTV (D2%) below 105% of its prescription dose; 
near-to-maximum dose minimized for the low-risk 
PTV. The OARs goals were set according to insti-
tutional guidelines based on international sugges-
tions. For OARs, near-to-maximum dose (D0.1 cm3) 
to the spinal cord and brainstem below 45 Gy [17, 
18] and 54 Gy [19, 20], respectively; regarding the 
eyes, the final goal was indeed Dmax < 10 Gy to the 
lenses. Those OARs goals were pursued with all 
the techniques. The following additional objectives 
were included in the intensity modulation tech-
nique plans: mean dose to the parotids < 26 Gy to 
the full glands [21, 22], mean dose to the oral cav-
ity < 30 Gy [22], mean dose to the larynx < 43 Gy 
[23, 24]; the pharyngeal constrictor muscles and 
the submandibular glands were not included in the 
optimization process. 

All the dose distributions were calculated with 
the Anisotropic Analytical Algorithm AAA (ver-
sions 8.5 to 11) on the planning CT (without con-
trast agent). The treatments used 6MV beams from 
either TrueBeam, Clinac DHX, or Unique linear 
accelerators (Varian Medical Systems, Palo Alto, 
USA) equipped with a Millennium 120-MLC.

The treatment included induction chemotherapy 
in 50 cases (73.5%) and concomitant systemic treat-
ment with cisplatin in 59 cases (86.8%). 

Toxicity assessment and follow-up 
Acute toxicity, occurring during RT and in the 

following 3 months, and late toxicity reported after 
3 months from the end of RT, were recorded and 
graded according to the Common Toxicity Criteria 
(CTCAE) version 4 [25]. 

During the treatment, all patients had a weekly 
clinical evaluation. Patient follow-up continued ac-
cording to the schedule: one month after the treat-
ment, then every 3 months for the first 3 years, 
every 6 months for years 4 and 5 and then yearly. 
At the first follow-up visit at least a post-treatment 
imaging was required. The treatment response was 
evaluated through CT, MRI and/or PET imaging as 

well as clinical assessment, and recorded according 
to RECIST criteria v. 1.2.

Toxicity data were compared with dosimetric pa-
rameters to assess possible correlations.

Statistical analysis
Standard descriptive statistics (mean standard 

deviation and cross-tabulation analysis) were used 
to describe the dosimetric and toxicity data. 

The progression free (PFS) and overall survival 
(OS) were plotted by the Kaplan-Meier method, 
evaluating the time elapsed from the end of the ra-
diotherapy to the last follow-up (censored data) or 
the specific event, and compared using the log-rank 
test. OS evaluated the deaths from any causes, while 
the PFS events were local, nodal or distant pro-
gression, or death from any causes. Multivariate 
Cox regression analysis included the variable with  
p-values ≤ 0.05 by univariate analysis. All data were 
analysed using the SPSS statistical software package 
(version 21, IBM Corporation, NY, USA).

Results

The median follow-up, calculated from the 
end of the RT treatment, was 64 months (range 
3–154). At the time of the analysis, 52 patients of 
the cohort were alive. At the time of the last evalu-
ation, complete remission was assessed in 46 cases 
(67.6%). Locoregional relapse was recorded in 19 
patients with a median time of 11 months (range 
1–75 months). Among all locoregional relapses, 
18 patients recurred inside the high dose region 
(high-risk PTV) and 2 patients in the low dose 
region (low-risk PTV). Distant metastases were 
developed in 6 patients with a median time of 7 
months (range 2–45 months): 3 patients with liver 
lesions, 2 lung relapses, one bone metastases, and 
one distant lymph node metastases.

All patients, except one, completed the planned 
treatment; the median overall treatment time 
(OTT) was 51 days in the 35 fractions group 
(3DCRT), 49 and 43 days in the 33 and 30 fraction 
groups (VMAT), respectively. 

The 5- and 10-year PFS rates were 62.7 ± 6.5% 
and 53.2 ± 8.7%, respectively. The 5- and 10-year 
OS rates were 78.9 ± 5.5% and 61.4 ± 9.2%, respec-
tively. 

At univariate analysis, performance status PS 
equal to 0 (p = 0.02), lower TNM stage (p = 0.03), 
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and the use of concomitant chemotherapy (p = 0.05) 
significantly improved PFS. Age (p = 0.55), gender 
(p = 0.85), histology (p = 0.77), induction chemo-
therapy (p = 0.70), treatment technique (p = 0.25), 
dose fractionation (p = 0.32) had no significant 
impact on PFS. 

At the multivariate Cox analysis TNM stage 
(p = 0.02) and concomitant chemotherapy (p = 0.01) 
were significant for PFS.

Regarding OS, at the univariate analysis PS equal 
to 0 (p = 0.01) and concomitant chemotherapy 
(p = 0.02) were significantly correlated. The tech-
nique of RT (p = 0.38) and the dose fractionation 
(p = 0.30) had no significant impact on OS. Vi-
sual OS (and PFS) trend for the patients treated 
with conventional fractionation of 2 Gy/fraction, 
or treated with hypofractionated SIB is presented in 
Figure 1. In the multivariate Cox analysis concomi-
tant chemotherapy (p = 0.04) remained significant.

Regarding acute toxicity, mucosal, salivary, 
deglutition and skin side effects are presented 
in Figure 2. A clear improvement with VMAT is 
observed, with moderate and severe acute toxici-

ties (≥ G2) more common in the 3DCRT group. 
Acute ≥ G2 mucositis, xerostomia, dysphagia, and 
skin toxicities were 61%, 67%, 19%, and 39% in the 
3DCRT group, respectively, and 38%, 42%, 12%, 
and 18% in the VMAT group, respectively. 

The acute toxicity improvement with VMAT was 
supported by the ability of this technique to bet-
ter spare OARs, as shown in Table 2. Odds ratio 
(OR) for acute salivary toxicity, between VMAT 
and 3DCRT, was 4.67 (p = 0.02). Also, the other 
toxicities, as expected, presented OR in favour of 
VMAT, although not significant (but with a trend 
to be significant): mucositis OR of 2.56 (p = 0.09), 
dysphagia OR of 2.76 (p = 0.08), and skin toxicity 
OR of 2.90 (p = 0.08). 

The most important difference in the dose 
planned for the 3DCRT and VMAT groups con-
cerned the parotid gland mean dose. In detail, it 
was 61.3 ± 1.1 Gy and 28.4 ± 0.8 Gy for the 3DCRT 
and VMAT group, respectively (p < 0.001). Cor-
recting each bin of the dose-volume histogram 
(DVH) with the corresponding equivalent dose at 
2 Gy (biological correction), and considering the 

Figure 1. Kaplan-Meier curves for progression free survival and overall survival, for the whole population and according to 
radiotherapy fractionation [conventional and hypofractionated simultaneous integrated boost (SIB)]
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different fractionations with a/b ratio of 2 Gy (for 
each of the multiple plans in the 3DCRT cases), 
doses were 59.6 ± 1.4 Gy and 22.7 ± 0.8 Gy for the 
3DCRT and VMAT group, respectively. In patients 
presenting G0 or G1 salivary toxicity, the mean 
parotid doses were 35.3 ± 2.0 Gy (30.5 ± 2.2 Gy bio-
logically corrected), compared with 44.6 ± 4.6 Gy 
(40.9 ± 5.3 Gy biologically corrected) to the patients 
developing ≥ G2 toxicity (p = 0.05). 

Correlations between dose parameters for OARs 
and acute toxicities (< G2 vs. ≥ G2) were evaluated 
with the ANOVA univariate analysis. Although the 
technique (3DCRT vs. VMAT) presents highly sig-
nificant correlation with acute toxicities as well as 
the mean doses to the parotids, the larynx and the 
oral cavity, these significances do not directly trans-

late to correlations between acute toxicities and 
mean OAR doses. Analysing the biologically cor-
rected doses to account for the different fraction-
ations, salivary toxicity correlates with the mean 
parotid dose (p = 0.05), dysphagia with the mean 
laryngeal dose (p = 0.04) and the mean oral cavity 
dose (p = 0.06), while no correlation was found for 
mucositis (all p > 0.17). In particular, the dysphagia 
OR (< G2 vs. ≥ G2) was 3.31 for the biologically 
corrected mean dose to the oral cavity (a/b = 3 Gy) 
above 38 Gy (p = 0.024), and 3.30 for the biologi-
cally corrected mean dose to the larynx (a/b = 3 Gy) 
above 33 Gy (p = 0.030).

In the late setting, none of the patients reported 
mucositis or skin toxicity. Late dysphagia and xero-
stomia are reported in Figure 3. Late dysphagia pre-

Table 2. Dosimetric data

Organ Parameter All patients 3DCRT VMAT p-value

Parotid glands Mean Gy 37.1 ± 1.9 61.3 ± 1.1 28.4 ± 0.8 < 0.001

Mean Gy EQD2* 32.5 ± 2.1 59.6 ± 1.4 22.7 ± 0.8 < 0.001

Larynx Mean Gy 40.1 ± 1.0 43.4 ± 2.8 38.9 ± 0.9 0.057

Mean Gy EQD2* 35.5 ± 1.2 41.7 ± 3.0 33.3 ± 1.0 0.001

Oral cavity Mean Gy 44.5 ± 0.8 48.0 ± 1.4 43.2 ± 0.8 0.005

Mean Gy EQD2* 40.6 ± 0.9 46.1 ± 1.4 38.6 ± 1.0 < 0.001

Submandibular glands Mean Gy 60.3 ± 0.8 62.6 ± 0.9 59.5 ± 0.8 0.021

3DCRT — 3-dimensional conformal radiotherapy; VMAT — volumetric modulated arc therapy; EQD2 — equivalent 2 Gy fractions; *from biologically corrected 
dose-volume histograms (DVHs)
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Figure 2. Acute toxicity, stratified for radiotherapy technique. A. Acute mucosal toxicity. B. Acute salivary toxicity. C. Acute 
dysphagia. D. Acute skin toxicity
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sented an OR of 3.00 in favour of VMAT, although 
with a p-value of 0.29. 

Discussion

In the last decade, the IMRT technique has be-
come the standard approach for the irradiation of 
NPC. Alone or in combination with chemotherapy, 
IMRT is characterized by a better sparing of the 
healthy tissue with an improvement in target cov-
erage compared to conventional 3DCRT and more 
obsolete 2DRT [26–28]. With the VMAT tech-
nique, the treatment time was reduced compared 
to standard IMRT keeping high sparing of OARs 
and target coverage. 

Guo et al. [29] published in 2015 a series of 205 
NPC cases treated with VMAT technique only. All 
patients were treated with a dose of 68–70 Gy in 
30–33 fractions. With a median follow-up of 37.3 
months, the 3-year DFS and OS were 86.8% and 
97.0%, confirming the benefit of VMAT in this 
setting.

Here we reported outcomes in terms of disease 
control and toxicity of two groups of patients af-
fected by NPC treated with the 3DCRT or VMAT 
techniques. At the best of our knowledge, this is the 
first study to compare these two approaches in the 
management of NPC. 

The 5-year PFS and OS rates for the whole popu-
lation were 62.7 ± 6.5% and 78.9 ± 5.5%, respective-
ly, with no statistical differences according to the 
RT technique. Our results are in accordance with 
the results of other studies reporting the traditional 
IMRT technique or 3DCRT [26, 30]. Kuang et al. 
[27] reviewed the treatment records of 182 patients 
treated with IMRT and 198 patients treated with 
3DCRT. The 4-year disease-free survival (DFS) and 

OS of the IMRT and 3DCRT groups were 74.7% 
and 65.0 %, and 83.5 and 72.1 %, respectively. Also, 
Moretto et al. [28] compared patients treated with 
2DRT/3DCRT with an IMRT group. A total of 52 
patients were included showing 5-year OS and DFS 
rates of 79% and 65%. No statistically significant 
difference was observed between the 2DRT/3DCRT 
and IMRT groups.

We previously compared two different hypofrac-
tionated schedules [31], demonstrating no differ-
ences in terms of PFS and OS, but a possible impact 
on dysphagia’s incidence. 

In our current study, a significant correlation with 
OS was observed for good PS (p = 0.01) and con-
comitant chemotherapy (p = 0.02), while the tech-
nique of RT resulted to have no impact (p = 0.38). 
Concomitant chemotherapy was used in the major-
ity of our cohort (86.8%). A clear benefit from con-
comitant chemotherapy was demonstrated by previ-
ous meta-analyses in terms of survival improvement 
and lower risk of death [32–34], however, at the 
expense of an increased rate of side effects [35–37].

Therefore, the toxicity reduction seems to be rel-
evant in this setting. In our study, a clear benefit in 
terms of toxicity was observed for the VMAT tech-
nique compared to the 3DCRT approach. Moderate 
and severe (> G2) acute skin toxicity, xerostomia, 
mucositis, and dysphagia were more common in 
the 3DCRT group compared to the VMAT group 
and this advantage is correlated with the ability of 
VMAT to better spare the main OARs. A significant 
dose reduction was observed for all the analysed 
healthy organs. As examples, we observed for pa-
rotid glands a physical mean dose reduction from 
61.4 Gy to 28.4 Gy (p ≤ 0.001) and, for oral cavity, 
the volume receiving at least 60 Gy was reduced 
from 44.0% to 14.9% (p ≤ 0.001).

Figure 3. Late toxicity, stratified for radiotherapy technique. A. Late salivary toxicity. B. Late dysphagia
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Data published by other authors fail to corre-
late the OAR doses with the toxicity profile, and 
the doses delivered to the OARs are quite differ-
ent in the various institutions and experiences. In 
the study by Moretto et al. [28], the average mean 
dose to the contralateral parotid (considered as the 
parotid gland opposite to main nasopharyngeal tu-
moral mass) was 32.8 Gy for the 3DCRT group 
and 31.8 Gy for the IMRT group. Pow et al. [38] 
reported dosimetric data for the only IMRT co-
hort for a small study comparing IMRT vs.. 3DCRT 
treatment, as 42 Gy observed for the mean dose to 
the ipsilateral parotid gland, and 41.3 Gy for the 
contralateral one. In another study conducted by 
Wolden et al. [39], for 74 NPC patients treated with 
IMRT, precise dose calculation was available only 
for 42 patients, reporting an average mean dose to 
the parotid of 35.2 Gy, and a reduction to 26 Gy in 
one third of the cohort without sacrificing target 
coverage.

In our cohort, although not large, very different 
doses to OARs were delivered to the patients, due 
to the different techniques. This variation, however, 
allowed us to try to determine possible correlations 
between the planned (and possibly delivered) dose 
and the toxicity. The different fractionation schemes 
used in the 3DCRT setting (treatment of the elec-
tive volume in 25 fractions and subsequent boost in 
10 fractions) and with the VMAT technique (SIB in 
33 or 30 fractions) makes it necessary to correct the 
dosimetric data according to the equivalent dose (at 
2 Gy/fraction) to allow a reasonable comparison. 
Indeed, some differences become significant only 
in the case of biologically corrected doses, enforc-
ing the need of the correction, and, on the other 
hand, enhancing the problem of the OAR dose frac-
tionation and the shape of the specific DVH when 
dosimetric data of non-homogeneous irradiations 
has to be correlated with clinical results. Related 
to such a correction is the a/b value of the specific 
organ, which suffers from great uncertainty. The 
lower the ratio, the larger the difference between 
the physical and biologically corrected dose for in-
homogeneous dose distribution, as is the case of 
intensity-modulated treatments. This issue should 
not be neglected, but the current planning systems 
report physical doses, and those values are today 
the basis for plan evaluation.

Once having clarified the problem, and consider-
ing the below listed limitations of the current study, 

our work allowed suggesting dosimetric parameters 
as possible predictors for toxicities. 

Moreover, it is clear that the single toxicities can-
not be related to the irradiation of a single organ. 
The physiological interactions between organs is 
a known process, and the data here presented sug-
gests, for example, that it is not sufficient to reduce 
the mean dose to the parotids below the level of 26 
or 20 Gy, as suggested by the guidelines, to lower 
the probability of causing low-grade xerostomia. 
Also, the dose to other structures, for example the 
oral cavity, will contribute in a complex way to 
toxicity that is commonly assigned to the parotid 
irradiation [40].

Some issues, however, limit the present study, 
including the retrospective nature of the analysis, 
the small sample size, and the heterogeneity among 
the two groups of treatment. 

Conclusion

The present study confirms the significant bene-
fit of the VMAT technique compared with 3DCRT 
in terms of side effect reduction for the treatment 
of NPC. Disease control and survival rates were 
not affected by this modern RT approach. Con-
sidering that 3DCRT is still in use in develop-
ing and several developed countries, we think that 
this information could be relevant to reinforce the 
concept of usefulness of modern RT techniques 
for such complex anatomical areas. Finally, cor-
relations were found between salivary toxicity and 
mean parotid dose, and between dysphagia and 
mean biologically corrected doses to the larynx 
and oral cavity.
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