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 Background: Intensity-modulated radiotherapy (IMRT) is the standard treatment for patients with nasopharyngeal cancer 
(NPC). However, the dose-volume criteria for adjacent anatomically normal organs at risk (OARs) remain con-
troversial. The aim of this study was to evaluate the effects of higher than conventional doses of static and 
dynamic IMRT on the locoregional control of NPC, patient survival, and brainstem radiation toxicity.

 Material/Methods: Patients (n=186) with stage III and stage IVa NPC underwent high-dose static and dynamic IMRT treatment 
(68–76.96 Gy) with or without chemotherapy for 34–57 days. Overall survival (OS), the presence of distant 
metastases, and brainstem toxicity were assessed. One-year, three-year, and five-year follow-up was performed.

 Results: High-dose IMRT alone or in combination with chemotherapy resulted in a 100% objective response rate and 
significantly improved OS rates, with one-year, three-year, and five-year OS rates of 94.1%, 89.8%, and 88.2%, 
respectively. The local recurrence rate (17.6%), and distant metastasis to the lung, liver, and bone (17.2%), and 
mortality (n=22) were reduced. Chemotherapy was the only factor that was significantly correlated with patient 
survival. Brainstem toxicity was reduced in patients treated with static IMRT (0.07%) and dynamic IMRT (0.08%). 
There were 26 additional factors that were not found to significantly affect brainstem toxicity.

 Conclusions: High-dose static or dynamic IMRT combined with chemotherapy improved survival and reduces distal metas-
tasis with a very low occurrence of brainstem toxicity in patients with locally advanced NPC. These findings 
might provide therapeutic guidance for clinicians when planning optimal dose-volume IMRT parameters.
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Background

Nasopharyngeal carcinoma (NPC) is a malignancy of nasopha-
ryngeal epithelium and is diagnosed in approximately half a 
million people per year worldwide and leads to 34.1 million 
deaths annually [1,2]. NPC is endemic in East and Southeast 
Asia, occurring in 15–50 per 100,000 people, while it occurs 
less commonly (1 per 100,000 people) in other regions in the 
world [3]. Histologically, NPC can be subclassified into three sub-
types, keratinizing squamous cell carcinoma, non-keratinizing 
squamous cell carcinoma, and undifferentiated carcinoma [4,5].

Radiotherapy has been recommended for early-stage NPC due 
to the complex anatomic location and high radiosensitivity of 
the tumors and is commonly used in combination with other 
treatments, typically induction or concurrent chemotherapy 
for locally-advanced stage NPC, which is when the majority of 
cases are diagnosed [2,6]. Advances in radiotherapy technology 
and the application of chemotherapy, together with accurate 
diagnosis and staging have improved the prognosis of NPC [7].

Traditional two-dimensional radiation therapy (2D-RT) em-
ploying 4–6 MV X-ray or cobalt-c 60 g irradiation has been cu-
rative for early-stage NPC, with a locoregional control rate of 
76.7–93% [8]. However, the efficacy of 2D-RT is significantly 
reduced, with a locoregional control rate of 58–79%, and for 
advanced-stage NPC, due to the limitation of the radiation 
dose affecting adjacent normal organs [8]. Three-dimensional 
conformal radiotherapy (3D-CRT) uses computed tomography 
(CT) or magnetic resonance imaging (MRI) to generate three-
dimensional images of individual tumors as well as the adja-
cent organs at risk (OARs), to ensure conformal dose distribu-
tion within the target regions, while sparing the nearby normal 
organs and tissues.

The current standard radiotherapy for NPC, intensity-modulated 
radiotherapy (IMRT), is an advanced 3D-CRT technique that 
allows balanced target coverage and minimizes local radia-
tion damage [9]. Several studies have demonstrated the ad-
vantages of IMRT over conventional radiotherapy in reducing 
radiation-associated toxicities and improving the quality of 
life for the patient [9–16]. With the development of compu-
tation, multileaf collimators (MLCs), these are now widely ap-
plied in static IMRT and dynamic IMRT. The MLCs in static IMRT 
separates each radiation beam into a set of smaller segments 
of differing MLC shape, and the radiation beam is turned off 
between the sections. Whereas each radiation beam in dy-
namic IMRT remains switched on by continuously moving the 
MLCs [17,18]. Therefore, an improved clinical outcome has 
been achieved in the treatment of NPC by using both static and 
dynamic methods [19,20]. However, it remains unclear which 
treatment approach is for patients with locally advanced NPC.

Although IMRT is now well developed and regularly used, there 
is still the potential risk of radiation damage to the brainstem, 
especially in patients with Stage T3–T4 NPC when the tumor is 
adjacent to the brainstem. Commonly, during IMRT planning, 
the radiation dose is prescribed based on the dose constraints 
for critical organs at risk (OARs), and the maximal IMRT dose 
for tumors near the brainstem is lower than the conventional 
radiation dose. According to the findings from the Radiation 
Therapy Oncology Group (RTOG) trial (0225), the recommended 
maximal dose for IMRT should not exceed 54 Gy or 60 Gy for 
locally advanced NPC [21]. These thresholds were established 
based on dosimetry data from conventional two-dimensional 
and three-dimensional radiotherapy [9,22].

However, when the planned target volume (PTV) is similar to 
or overlaps with the planned organ at risk volume (PRV), the 
maximal PRV dose delivered often exceeds the conventional 
radiation dose recommended by RTOG [21]. Therefore, it is 
questionable whether such dose constraints are most effec-
tive in clinical practice, in terms of patient clinical outcome. 
Also, sometimes it is difficult for clinicians to achieve a sat-
isfactory outcome under the restriction of an IMRT dose for 
stage T3–T4 NPC [7,10,22–26]. Currently, there are few reports 
regarding the study of brainstem radiation toxicity in patients 
treated for NPC [22]. Apart from radiation dose, the distance 
between the planned target volume (PTV) and the planned 
organ at risk volume (PRV) needs to be taken into account to 
adjust the amount of radiation to the brainstem [9]. These re-
quirements necessitate further characterization of the toler-
ance of OARs in patients undergoing IMRT.

The questions that remain are what is the optimum effective 
IMRT dose that spares radiation damage to the brainstem and 
whether the use of static IMRT or dynamic IMRT make any 
difference to the effects on the brainstem and to clinical out-
come. Therefore, this study aimed to evaluate the effects of 
high-dose static and dynamic IMRT on the locoregional con-
trol of NPC, patient survival, and brainstem radiation toxicity, 
using static or dynamic IMRT, with or without cisplatin. The 
short-term and long-term patient survival and the effect of ra-
diation on the brainstem were assessed to provide guidance 
for future radiation planning.

Material and Methods

Patient recruitment

Between October 2009 and October 2012, a total of 186 pa-
tients with locally advanced nasopharyngeal carcinoma (NPC) 
were recruited from The First Affiliated Hospital of Guangxi 
Medical University, China. All patients provided with written 
informed consent to participate in the study. The study was 
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approved by the Human Research Ethics Committee of The 
First Affiliated Hospital of Guangxi Medical University (No: 
TF-ECN-2010ES091008).

All patients had previously untreated, histologically confirmed 
locally advanced NPC without distant metastases other con-
comitant malignancies or brain disorders. The patients were 
treated with radical intensity-modulated radiation therapy 
(IMRT) at doses higher than the findings from the Radiation 
Therapy Oncology Group (RTOG) trial (0225) [21], that is 1% 
of the brainstem received a dosage higher than 60 Gy and 
followed up for at least 60 months or until deaths. Patients 
with previous brainstem hemorrhage or a history of head 
and neck irradiation were excluded. All patients underwent 
tumor restaging according to the 7th edition of The American 
Joint Committee on Cancer (AJCC) Cancer Staging Manual [27].

Radiotherapy protocols and measurements

Patients were treated with radiation for 34–57 days (median, 
44 days). During the treatment, the head and neck and shoul-
ders of the patient were immobilized with a thermoplastic mask 
lying in a supine position. Radiation was performed by intra-
venous contrast-enhanced computed tomography (CT) using 
a Siemens Somatom Emotion16 (Siemens, Munich, Germany) 
with 3 mm of slice thickness and the target region delineating 
from the vertex to 3 mm inferior to the clavicle.

The target volumes were defined according to the International 
Commission on Radiation Units and Measurements Reports 
(https://icru.org). Treatment planning volume (TPV), gross tumor 
volume (GTV), clinical target volume (CTV), and planning target 
volume (PTV) were determined according to the tumor loca-
tion, size, invasion, and involvement of adjacent lymph nodes, 
which were determined by imaging, clinical, and endoscopic 
observations. GTV described the range of tumors estimated 
by imaging examination, including the primary nasopharynx 
(GTVnx) and nodal gross tumor volumes (GTVnd). Clinical target 
volume, including GTV and immediately neighboring micro-
scopic tumor or lymph node extension, was determined by 
defining a high-risk region, CTV1, and a low-risk lymph nodal 
region, CTV2. Planning target volume (PTV) included the CTV 
plus 3–5 mm margins to account for uncertainties associated 
with patient positioning and internal movement during the 
radiation treatment.

Clinical target volume 1 (CTV1) generally includes GTV with a 
5–10 mm margin as well as the entire nasopharynx, the para-
pharyngeal space, skull base, sphenoid sinus, ethmoid sinus, 
pterygopalatine fossae, the posterior third of the nasal cavity 
and maxillary sinuses, and bilateral upper deep jugular nodes. 
CTV2 was defined as regions outside CTV1 with 5–10 mm mar-
gins and low-risk lymph nodal regions. When the CTVs were 

near critical organs, such as the brainstem or spinal cord, the 
margins were limited to 1–3 mm.

Clinical target volume 2 (CTV2) was defined as lymph node 
regions at low risk, including the lymph node regions of the 
neck which were not included in the CTV1. The PTV_C was de-
fined as including the CTV with a 3 mm margin in all direc-
tions. However, when the CTV was near critical organs, such 
as the brainstem and spinal cord, the PTV generated was as 
low as 1 mm.

Organs at risk (OARs) were also mapped out on CT, including 
the brainstem, spinal cord, pituitary glands, temporal lobes, 
eyeballs, optic lens, optic nerves, optic chiasm, middle ear, inner 
ear, parotid glands, throat, tongue, temporomandibular joints, 
and lower jaw. Radiation to OARs was conventionally limited 
according to the findings from the RTOG trial (0225) [21], and 
determined by the distance from the primary tumor and the 
tolerance of the organs. However, these doses were insuffi-
cient to achieve radical removal of tumors in patients with 
skull base and cerebral invasion, compromising the local dis-
ease control and increasing the risk of tumor recurrence. All 
patients received, with written consent, relatively higher doses 
than those recommended from the RTOG 0225 trial [21], after 
being informed of the risks associated with radiotherapy, par-
ticularly the adverse effects on the brainstem.

Static IMRT

Radiation planning was performed using a Pinnacle Treatment 
Planning System, version 7.6 (Philips, Amsterdam, The 
Netherlands) with 7–9 radiation fields. Individual plans were 
designed to minimize radiation to OARs, particularly the brain-
stem, and dose volume histograms (DVHs) were applied for 
quantitative evaluation. The isocenter was positioned at the 
GTV geometrical center and the radiation plan evaluated by a 
physicist. IMRT was performed using a Primus Linear Accelerator 
(Siemens, Munich, Germany) at 2.2–2.4 Gy/fraction per day for 
five days a week, up to a prescription total of 68.6–76.4 Gy 
(mean, 72.8 Gy). Dose volume histograms (DVHs) of the target 
areas, and OARs were recorded and analyzed.

Dynamic IMRT

Dynamic IMRT was planned and conducted using an Eclipse 
Treatment Planning System (Varian, Palo Alto, CA, USA) and in-
cluded 7–9 radiation fields, which were designed to minimize 
the impacts on the OARs, including the brainstem. The radi-
ation plan was quantitatively evaluated with the use of the 
DVH. The isocentre was placed at the GTV geometrical center, 
and the collimator angle was zero degrees. Dynamic IMRT was 
performed using a Varian Clinac iX 4948 Accelerator with 120 
multileaf collimators, at 2.2–2.4 Gy/fraction per day and for five 
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days a week up to a total of 68.0–76.96 Gy (mean, 70.89 Gy). 
DVHs of the target areas and OARs were recorded and analyzed.

Chemotherapy

All patients with stage III and IVa NPC in this study were rec-
ommended to have a combined treatment of radiotherapy and 
chemotherapy. There were 164 out of 186 patient who received 
cisplatin-based chemotherapy (80 mg cisplatin/m2) at three 
weeks per cycle, with 2–4 cycles in total; 22 patients refused 
chemotherapy treatment. As shown in Table 1, there were 52 
patients who were treated with concurrent chemotherapy, 50 
patients with induction plus concurrent chemotherapy, 52 pa-
tients with concurrent and adjuvant chemotherapy, and ten pa-
tients with induction, concurrent, and adjuvant chemotherapy.

Patient follow-up

Patient follow-up commenced from the end of radiotherapy 
by examining re-hospitalized patients, reviewing treatment 
plans, and outpatient assessments. Blood tests and imaging 
were performed every three months for the first two years, 
every six months for the next three years, and every 12 months 
after five years. The effect of treatment on the brainstem and 
the short-term and long-term efficacy of treatment were eval-
uated based on routine blood tests and biochemistry, chest 
X-ray, abdominal ultrasound, head and neck magnetic res-
onance imaging (MRI), the presence of distant metastases, 
chest and abdominal computed tomography (CT), and whole-
body bone scintigraphy.

Assessment and analysis of treatment efficacy and 
adverse effects

MRI was performed on all patients before the radiation treat-
ment to confirm the absence of any abnormality in the brain 
and spinal cord. Damage to OARs, with the primary focus on 
the brainstem, were examined and new-onset of neurological 
symptoms after radiotherapy were compared with known re-
ported effects of radiation-induced brainstem injury [8,23]. 
The clinical effects resulting from cancer progression, metas-
tases, traumatic brain injury, or neurodegenerative disorders 
were excluded.

Short-term efficacy was evaluated following the World Health 
Organization criteria for tumor-response assessment [28,29], 
and categorized into the complete response (CR) and partial 
response (PR). The objective response rate (ORR) was calcu-
lated as a total of CR and PR. Long-term efficacy was assessed 
by Kaplan–Meier analysis of the patient overall survival (OS), 
local tumor control, and the distant metastasis-free survival. 
Data analysis was performed using the chi-squared (c2) test 
and using Statistical Product and Service Solutions (SPSS) 

version 22.0. Adverse effects on the brainstem were assessed 
using a Cox’s stepwise regression model. A P-value <0.05 was 
considered as statistically significant.

Results

Patient characteristics

Among the 186 patients with locally advanced nasopharyn-
geal carcinoma (NPC) recruited into the study, there were 131 
men and 55 women, aged between 19–76 years (median, 44 
years). The baseline clinicopathological characteristics of the 
patients are summarized in Table 1. The staging classifica-
tion of the tumor, node, and metastasis (TNM) was based on 
the American Joint Committee on Cancer (AJCC) 2010 staging 
system [27]. There were 60 patients with stage III NPC and 126 
patients with stage IVa NPC identified, including 57 patients 
with T3 tumors and 129 patients with T4 tumors. Regional 
lymph node assessment identified 12 cases of N1, 106 cases 
of N2 and 68 cases of N3 NPC. The majority of patients pre-
sented with non-keratinizing squamous carcinoma. All 186 
patients received radiotherapy, and 164 out of 186 patients 
underwent chemotherapy. Of these patients, 32 also had hy-
pertension and 17 had diabetes mellitus.

Complete response (CR), partial response (PR), objective 
response rate (ORR) locoregional control, overall survival 
(OS), and objective response rate (ORR)

Dosimetric parameters of intensity-modulated radiotherapy 
(IMRT) for all patients are summarized in Table 2. A median 
dose of 72 Gy (range, 68.00–76.96 Gy) was determined and 
delivered in 31–33 fractions. Twenty-two patients in this study 
accepted IMRT only, while the others were also treated with 
cisplatin, for 2–4 cycles at 80 mg/m2, as induction, concur-
rent, and/or adjuvant therapy (Table 1). At the three-month 
follow-up, all groups showed a 100% objective response rate 
(ORR) (Table 3). IMRT treatment alone led to complete response 
(CR) in 20 patients and partial response (PR) in the other two 
patients. The inclusion of chemotherapy into the treatment 
plan improved the short-term outcome (Table 3), with all pa-
tients demonstrating CR when cisplatin was used concurrently 
with and after IMRT, but no statistically significant difference 
was observed, based on the chi-squared test.

By November 2017, all patients had been followed-up for 
13–81 months (median, 61 months). The one-year overall 
(OS), local recurrence-free (LRFS), and distant metastasis-
free survival (DMFS) rates were 94.1%, 91.4%, and 87.1%, 
respectively (Figure 1). The three-year OS, LRFS, and DMFS were 
89.8%, 85.0%, and 83.3%, respectively; and the five-year OS, 
LRFS, and DMFS were 88.2%, 82.3%, and 82.8%, respectively. 
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Characteristics Value

Age (years)
Median 44

Range 19–76

Gender
Male 131

Female 55

Smoking
Yes 98

No 88

Alcohol drinking
Yes 91

No 95

Complications
Hypertension 32

Diabetes 17

histopathological types

Keratinizing squamous cell carcinoma 13

Differentiated non-keratinizing carcinoma 170

Undifferentiated non-keratinizing carcinoma 3

TNM classification

 Primary tumor
T3 57

T4 129

 Regional lymph nodes

N1 12

N2 106

N3 68

 Stage
III 60

IVa 126

Chemotherapy

Concurrent chemotherapy 52

Induction plus concurrent chemotherapies 50

Concurrent and adjuvant chemotherapies 52

Induction, concurrent, and adjuvant chemotherapies 10

Refuse chemotherapy 22

Table 1. Demographic and clinico-pathological characteristics of the patients.

Evaluation 
indicator

Prescribed 
dose

GTV 
dose

Radiation to the brainstem

Volume Dose Dmax D2 D5 Dmean D98 Dmin V55 V60 V65

(Gy) (Gy) (cm3) (Gy) (Gy) (Gy) (Gy) (Gy) (Gy) (Gy) R(%) A(cm3) R(%) A(cm3) R(%) A(cm3)

Mean 72.36 74.55 29.59 45.08 67.31 59.79 56.54 35.92 14.76 11.29 9.06 3.11 3.52 1.25 0.64 0.24

Median 72.00 74.37 26.60 48.15 62.71 59.60 56.06 36.33 14.35 9.55 8.21 3.07 3.03 0.98 0.29 0.11

Minimum 68.00 70.14 12.48 41.53 61.77 53.58 48.06 18.59 1.65 1.14 4.62 1.23 1.13 0.23 0.00 0.00

Maximum 76.96 78.48 61.46 69.01 73.28 68.04 65.53 49.01 38.03 34.03 33.88 16.10 21.18 10.31 6.38 3.42

STDEV 1.49 1.36 9.51 3.23 2.78 3.52 3.868 7.51 9.62 8.09 4.17 1.88 2.43 1.09 0.90 0.45

Table 2. Dosimetric parameters of IMRT for all 186 patients and the radiation to the brainstems.

R – relative volume to the brainstem; A – absolute volume; STDEV – standard deviation; GTV – gross tumour volume; Dmax – the 
maximum dose; Dmean – the mean dose; Dmin – The minimum dose; D2 – maximal dose to 2% of the volume; D5 – maximal dose 
to 5% of the volume; D98 – maximal dose to 98% of the volume; V55 – dose received is more than 55 Gy of the volume, including 
relative and absolute volume; V60 – dose received is more than 60 Gy of the volume, including relative and absolute volume; 
V65 – dose received is more than 65 Gy of the volume, including relative and absolute volume.
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No statistically significant difference was found between the 
OS of stages III and IVa patients (P=0.15) (Figure 2).

Multivariate analysis showed that and chemotherapy was iden-
tified as the only factor that significantly correlated with patient 
survival (P=0.012) (Table 4). Other clinical factors included in the 
analysis were age, gender, radiation doses, radiation treatment 
time, tumor classification and histopathological types, cigarette 
and alcohol use, and concomitant disease, and were found to 
have no significant effect on the patient outcome (Table 4). 
Comparison of patients treated with combined IMRT and che-
motherapy with those by IMRT alone showed that inclusion of 
chemotherapy in the treatment plan delayed the occurrence of 
distant metastasis and local recurrence of NPC (Table 5). Both 
static and dynamic IMRT were used in the study, as monotherapy 
or used in combination with chemotherapy, but no statistically 
significant difference was found between the two types of IMRTs 
in short-term response, disease progression, and patient survival.

Overall disease progression was found in 50 patients. Thirty-
three patients showed local recurrence within the radiation 
fields, accounting for 17.6% of the total patients. Distant me-
tastasis was found in 32 patients (17.2%), including 15 pa-
tients with contemporaneous local recurrence. Metastases 
were most frequently seen in the lung (14 patients), liver (nine 
patients), and bone (seven patients). During the study, 22 pa-
tients died, including seven treated with IMRT only, five with 
IMRT and concurrent cisplatin, six with IMRT and induction 
and concurrent cisplatin, and two from each of the other two 
treatment groups (Table 6). Concurrent and adjuvant cisplatin 
infusion significantly reduced the NPC-associated mortality.

Radiation to the brainstem and adverse effects

Patients underwent high-dose IMRT for 34–57 days in com-
bination with different types of chemotherapy. The adverse 
effect on OARs was monitored, with specific attention to the 
brainstem considering this previously reported association 
with IMRT [17,25]. As summarized in Table 2, the brainstem 
received a median dose of 48.15 Gy (range, 41.53–69.01 Gy). 

Treatments Cases
Short-term response

CR PR

IMRT 22  20 (91.9%)  2 (9.1%)

IMRT-concurrent cisplatin 52  50 (96.2%)  2 (3.8%)

IMRT-induction+concurrent cisplatin 50  49 (98.0%)  1 (2.0%)

IMRT-concurrent+adjuvant cisplatin 52  52 (100.0%)  0

IMRT-induction+concurrent+adjuvant cisplatin 10  10 (100.0%)  0

Table 3. Response of patients at the 3-month follow-up.

CR – complete remission; PR – partial remission.
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Figure 1.  Overall survival (OS), local recurrence-free survival 
(LRFS), and distant metastasis-free survival (DMFS) of 
patients in the study with nasopharyngeal carcinoma 
(NPC) treated with high-dose intensity-modulated 
radiotherapy (IMRT).
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Figure 2.  Overall survival (OS) of patients with stage III and 
stage IV nasopharyngeal carcinoma (NPC).
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In this study, 15 patients demonstrated radiation toxicity to 
the brainstem. Static and dynamic IMRTs exhibited no signif-
icant difference in their effects on the brainstem. Eight of 94 
patients (0.08%) who underwent dynamic IMRT showed brain-
stem damage, including two cases of Grade I, three cases of 
Grade II, and two cases of Grade III damage, which were scored 
according to the Subjective, Objective, Management, Analytic 
(SOMA) Late Effects of Normal Tissue (LENT) system. Among 
92 patients who received static IMRT, seven patients (0.07%) 
including one case of Grade I, four cases of Grade II, and two 
cases of Grade III radiation damage were found.

At a mean gross tumor volume (GTV) dose of 74.55 Gy (range, 
70.14–78.48 Gy), the maximum dose (Dmax) delivered to the 
brainstem was 61.77–73.28 Gy, with a median of 62.71 Gy, while 
the mean dose (Dmean) was 18.59–49.01 Gy (Table 2, Figure 3). 
The highest radiation exposure of 2% (D2) of the brainstem was 
53.58–68.04 Gy, and the minimum radiation to the remaining 
98% of the brainstem was1.65–38.03 Gy. The median level of 
radiation received by 5% (D5) of the brainstem was 56.07 Gy. 
A radiation dose >55 Gy was delivered to 4.62–33.88% of the 
brainstem (corresponding with 1.23–16.1 cm3 in volume); 

Variables Significance

Age (years) 0.732

Prescribed dose 0.234

Radiation treatment time 0.191

Maximum dose 0.430

Minimum dose 0.695

Average dose 0.780

Classification 0.694

Histopathological types 0.801

Chemotherapy 0.012

Gender 0.429

Smoking 0.089

Alcohol drinking 0.807

Concomitant disease 0.991

Table 4. Multivariate analysis of factors affecting survival.

Treatments Cases
Mortality (n)

LR DM Unknown P*

IMRT 22 2 5 0

IMRT-concurrent cisplatin 52 1 3 1 0.03

IMRT-induction+concurrent cisplatin 50 2 2 2 0.09

IMRT-concurrent+adjuvant cisplatin 52 0 1 1 0.002

IMRT-induction+concurrent+adjuvant cisplatin 10 0 1 1 0.38

Table 6. Mortality of patients under different treatments.

* Significance was calculated by a Fisher’s exact test, and deaths of patients with local recurrence and distant metastases within each 
treatment were added up prior to comparison. LR – local recurrence; DM – distal metastasis.

Treatments
Cases 

(n)

1-year 3-year 5-year

OS LRFS DMFS OS LRFS DMFS OS LRFS DMFS

IMRT 22
19

(86.4%)
18

(81.8%)
15

(68.2%)
16

(72.7%)
15

(68.2%)
13

(59.1%)
15

(68.2%)
13

(59.1%)
13

(59.1%)

IMRT-concurrent cisplatin 52
50

(96.2%)
49

(94.2%)
47

(90.4%)
48

(92.3%)
44

(84.6%)
44

(84.6%)
47

(90.4%)
43

(82.7%)
44

(84.6%)

IMRT-induction+concurrent 
cisplatin

50
46

(92.0%)
45

(90.0%)
43

(86.0%)
44

(88.0%)
43

(86.0%)
42

(84.0%)
44

(88.0%)
43

(86.0%)
42

(84.0%)

IMRT-concurrent+adjuvant 
cisplatin

52
51

(98.1%)
49

(94.2%)
49

(94.2%)
51

(98.1%)
48

(92.3%)
49

(94.2%)
50

(96.2%)
47

(90.4%)
48

(92.3%)

IMRT-induction+concurrent+ 
adjuvant cisplatin

10
9

(90.0%)
9

(90.0%)
8

(80.0%)
8

(80.0%)
8

(80.0%)
7

(70.0%)
8

(80.0%)
7

(70.0%)
7

(70.0%)

Table 5. Overall, local recurrence-free, and distant metastasis-free survival rates in patients*.

* Statistically significant values in comparison with IMRT were calculated by Fisher’s exact test and are shown in bold.
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>60 Gy to 1.13–21.18% of the brainstem (corresponding with 
0.23–10.31 cm3); and >65 Gy to 0–6.38% of the brainstem (cor-
responding with 0–3.42 cm3).

Multivariate analysis was performed to identify factors that 
might affect brainstem response. Twenty-six factors including 
age, gender, smoking and alcohol drinking, TNM classification, 

histopathological tumor type, brainstem volume, chemotherapy, 
concomitant diseases, and a range of radiation dosimetric 
parameters were assessed, but none was found to affect brain-
stem response to radiation (Table 7).

Discussion

Intensity-modulated radiotherapy (IMRT) permits highly con-
formal radiation delivery to the tumor while minimizing the 
dose to the healthy tissues. IMRT allows accurate shaping of 
the radiation field and adjustment of the dose-intensity of in-
dividual radiation beams and is currently a standard treatment 
approach in the management of patients with nasopharyngeal 
carcinoma (NPC) [7,12]. The advantage of IMRT over conven-
tional two-dimensional radiotherapy (2D-RT) and three-dimen-
sional chemoradiotherapy (3D-CRT) have been commonly rec-
ognized, particularly for the treatment of early-stage NPC [12]. 
However, radiotherapy of locally advanced NPC remains tech-
nically challenging due to the proximity of the tumor to organs 
at risk (OARs), including the brainstem, which limits the dose 
and field coverage, contributing to the poor prognosis for pa-
tients with NPC [30,31].

Previously reported escalation of radiation dose has been at-
tempted successfully for advanced NPC [31]. However, the as-
sociated radiation toxicity has yet to be characterized in a large 
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Figure 3.  Dot plots of the radiation dose to the brainstem in 186 
cases of nasopharyngeal carcinoma (NPC) treated with 
high-dose intensity-modulated radiotherapy (IMRT).

Variable Significance Variable Significance

Age (years) 0.91 Highest dose – Brainstem 0.191

Prescribed dose 0.559 Lowest dose – Brainstem 0.140

Radiation treatment time 0.389 Average dose – Brainstem 0.372

Maximum dose 0.490 D2 0.706

Minimum dose 0.480 D5 0.720

Average dose 0.759 D98 0.416

Classification 0.580 V55 relative value 0.183

Histopathological type 0.567 V55 absolute value 0.243

Chemotherapy 0.328 V60 relative value 0.390

Gender 0.587 V60 absolute value 0.300

Smoking 0.844 V65 relative value 0.697

Alcohol drinking 0.217 V65 absolute value 0.921

Concomitant disease 0.164 Volume of brainstem 0.900

Table 7. Multivariate analysis of factors affecting the response of the brainstem to radiation.

D2 – maximal dose to 2% of the volume; D5 – maximal dose to 5% of the volume; D98 – maximal dose to 98% of the volume; 
V55 – dose received is more than 55 Gy of the volume, including relative and absolute volume; V60 – dose received is more than 
60 Gy of the volume, including relative and absolute volume; V65 – dose received is more than 65 Gy of the volume, including relative 
and absolute volume.
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cohort of patients. Therefore, in this study, a group of 186 pa-
tients with stage III and stage IVa NPC were treated IMRT with 
radiation doses higher than the limit recommended by the 
findings from the Radiation Therapy Oncology Group (RTOG) 
trial (0225) [21], in the presence or absence of cisplatin, and 
the effect on the brainstem was examined.

Static or dynamic IMRT at a prescribed dose of 68–76.96 Gy 
was undertaken in this study in all 186 patients, with the aim 
of improving locoregional control. The doses were comparable 
with the previously reported escalation dose, according to the 
gross tumor volume (GTV), of 76 Gy, which was used in combi-
nation with chemotherapy for patients with T3 and T4 NPC, and 
proved to be feasible and beneficial to patient outcome [31]. 
The results of the present study showed a 100% objective re-
sponse rate (ORR) in all patients at the three-month follow-up. 
IMRT treatment alone achieved a complete response (CR) in 
20 out of 22 patients, and a partial response (PR) in the other 
two cases. The combination of cisplatin infusion showed no 
significant further improvement in short-term disease control. 
These data indicate that it is feasible to apply the dose con-
formity of IMRT to boost the dose for NPC treatment and im-
prove locoregional control.

The one-year, three-year, and five-year overall survival (OS) 
rates of all patients were 94.1%, 89.8%, and 88.2%, respectively, 
which compared favorably with the findings of a previous phase 
2 trial of simultaneous modulated accelerated radiotherapy 
combined with concurrent cisplatin treatment on stage III–IVa 
NPC [32] and with a more recent study of IMTR with cisplatin-
based chemotherapy on T4 NPC [33].

In the present study, the advantage of combining chemotherapy 
with high-dose IMRT, in 164 patients, became gradually more 
apparent with time, with a three-year OS rate of 92.1%, com-
pared with an OS rate of 72.7% for patients treated with IMRT 
alone (P=0.013). The five-year OS rate was 90.9% compared 
with an OS rate of 68.2% for patients treated with IMRT mono-
therapy (P=0.006). This finding correlated with significantly pro-
longed local recurrence-free survival (LRFS) rates and distant 
metastasis-free survival (DMFS) rates for patients treated with 
chemotherapy (Table 3). Patients treated with IMRT and in-
duction, concurrent, and adjuvant chemotherapy also showed 
a trend of an increased five-year OS, LRFS, and DMFS rates, 
despite the lack of statistical significance, due to the limited 
number of patients in this group. The results of this study high-
light the importance of combining chemotherapy with high-
dose IMRT in the management of locally advanced NPC. These 
findings are consistent with those of recently published studies 
showing that improvements in tumor control were attributed 
to improved IMRT and increasing use of more effective che-
motherapy [34,35].

The dose-volume criteria for the brainstem during radio-
therapy to protect this critical organ has yet been estab-
lished and remains controversial [23,25,26,36-38]. A max-
imum dose (Dmax) ranging from 50–56 Gy has been 
recommended [10,31,32,34–40], and the dose >60 Gy has previ-
ously been recommended to be less than 1% [10,35,37,40–45]. 
In this study, radiation dose to the brainstem exceeded these 
thresholds. As a result, 15 of 186 patients demonstrated 
damage to the brainstem, whereas the other 171 patients 
exhibited no apparent effects, suggesting a possibly wider 
window of tolerance for this critical organ when receiving 
IMRT. Also, none of other 26 factors examined in this study 
were associated with brainstem toxicity, which is inconsistent 
with a previous study showing skull-based surgery, diabetes, 
and hypertension [25], younger patient age, and the use of 
hyperfractionated radiotherapy [38] were related to brainstem 
radiation toxicity. Also, there was no significant difference in 
brainstem damage in patients receiving dynamic IMRT (0.08%) 
and static IMRT (0.07%).

The findings of the present study showed that for patients 
with advanced NPC and large tumor size, increasing the dose 
of IMRT rarely adversely affected the brainstem. This finding 
is consistent with the findings of recent studies showing that 
brainstem necrosis is rare in NPC after long-term follow-up 
of a large cohort of NPC patients receiving a higher dose of 
IMRT [46]. It has also been previously reported that a Dmin 
³54.0 Gy to the gross tumor volume (GTV) demonstrated ex-
cellent local control with few late toxicities for stage T3–T4 
NPC treated with IMRT plus docetaxel, cisplatin and fluorouracil 
chemotherapy [35]. Also, the findings of the present study 
showed that there were no statistically significant differences 
in brainstem damage between static and dynamic IMRT treat-
ment. These findings indicated that more flexible criteria with 
strict restrictions in the high-dose range of IMRT regardless of 
static or dynamic IMRT could be a choice for advanced NPC. 
The study findings also support that reconsideration of the ra-
diation tolerance of the brainstem should be made, with the 
prerequisites of optimal target region delineation, dose pre-
scription, beam angle selection, and reverse planning, to im-
prove the locoregional lesion control and prolong the patient 
survival of locally advanced NPC.

Conclusions

An increased dose of intensity-modulated radiotherapy (IMRT), 
at doses exceeding the currently used upper limit, was per-
formed in a group of 186 patients with locally advanced naso-
pharyngeal carcinoma (NPC), in the presence or absence of che-
motherapy. A 100% objective response rate (ORR) was achieved 
in the short-term. The one-year, three-year, and five-year overall 
survival (OS) rates were 94.1%, 89.8%, and 88.2%, respectively. 
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There was no radiation-associated toxicity to the brainstem 
in the majority of patients. The findings of this study suggest 
that for patients with locally advanced NPC, with a large tumor 
size who may have limited available therapeutic options, high-
dose IMRT might improve patient survival. Further large-scale 
controlled studies are recommended to support the findings 
from this study, with the aim of providing further guidance for 

clinicians and radiotherapists when planning radiation treat-
ment and the choice of optimal IMRT dose.

Competing interests

None.

References:

 1. Chen W: Cancer statistics: Updated cancer burden in China. Chin J Cancer 
Res, 2015; 27(1): 1

 2. Wu X, Huang J, Liu L et al: Cetuximab concurrent with IMRT versus cispla-
tin concurrent with IMRT in locally advanced nasopharyngeal carcinoma: 
A retrospective matched case-control study. Medicine, 2016; 95: e4926

 3. Torre LA, Bray F, Siegel RL et al: Global cancer statistics, 2012. Cancer J Clin, 
2015; 65(2): 87–108

 4. Caponigro F, Longo F, Ionna F, Perri F: Treatment approaches to nasopha-
ryngeal carcinoma: A review. Anticancer Drugs, 2010; 21: 471–77

 5. Perri F, Bosso D, Buonerba C et al: Locally advanced nasopharyngeal car-
cinoma: Current and emerging treatment strategies. World J Clin Oncol, 
2011; 2: 377–83

 6. Yi J, Huang X, Gao L et al: Intensity-modulated radiotherapy with simulta-
neous integrated boost for locoregionally advanced nasopharyngeal carci-
noma. Radiat Oncol, 2014; 9: 56

 7. Lee AW, Ma BB, Ng WT, Chan AT: Management of nasopharyngeal carcino-
ma: Current practice and future perspective. J Clin Oncol, 2015; 33: 3356–64

 8. Greene-Schloesser D, Robbins ME, Peiffer AM et al: Radiation-induced brain 
injury: A review. Front Oncol, 2012; 2: 73

 9. Zhang B, Mo Z, Du W et al: Intensity-modulated radiation therapy versus 
2D-RT or 3D-CRT for the treatment of nasopharyngeal carcinoma: A sys-
tematic review and meta-analysis. Oral Oncol, 2015; 51: 1041–46

 10. Lee N, Harris J, Garden AS et al: Intensity-modulated radiation therapy with 
or without chemotherapy for nasopharyngeal carcinoma: Radiation thera-
py oncology group phase II trial 0225. J Clin Oncol, 2009; 27: 3684–90

 11. Peng G, Wang T, Yang KY et al: A prospective, randomized study compar-
ing outcomes and toxicities of intensity-modulated radiotherapy vs. con-
ventional two-dimensional radiotherapy for the treatment of nasopharyn-
geal carcinoma. Radiother Oncol, 2012; 104: 286–93

 12. Wang TJC, Riaz N, Cheng SK et al: Intensity-modulated radiation therapy 
for nasopharyngeal carcinoma: A review. J Radiat Oncol, 2012; 1: 129–46

 13. Chen YY, Zhao C, Wang J et al: Intensity-modulated radiation therapy reduc-
es radiation-induced trismus in patients with nasopharyngeal carcinoma: A 
prospective study with >5 years of follow-up. Cancer, 2011; 117: 2910–16

 14. Pow EH, Kwong DL, McMillan AS et al: Xerostomia and quality of life after 
intensity-modulated radiotherapy vs. conventional radiotherapy for early-
stage nasopharyngeal carcinoma: Initial report on a randomized controlled 
clinical trial. Int J Radiat Oncol Biol Phys, 2006; 66: 981–91

 15. Zhou GQ, Yu XL, Chen M et al: Radiation-induced temporal lobe injury for 
nasopharyngeal carcinoma: A comparison of intensity-modulated radio-
therapy and conventional two-dimensional radiotherapy. PLoS One, 2013; 
8: e67488

 16. Kam MK, Leung SF, Zee B et al: Prospective randomized study of intensi-
ty-modulated radiotherapy on salivary gland function in early-stage naso-
pharyngeal carcinoma patients. J Clin Oncol, 2007; 25: 4873–79

 17. Otto K: Volumetric modulated arc therapy: IMRT in a single gantry arc. Med 
Phys, 2008; 35: 310–17

 18. Teoh M, Clark CH, Wood K et al: Volumetric modulated arc therapy: A re-
view of current literature and clinical use in practice. Br J Radiol, 2011; 84: 
967–96

 19. Lu SH, Cheng JC, Kuo SH et al: Volumetric modulated arc therapy for na-
sopharyngeal carcinoma: A dosimetric comparison with tomotherapy and 
step-and-shoot IMRT. Radiother Oncol, 2012; 104: 324–30

 20. Jia P, Xu J, Zhou X et al: [Comparison of planning quality and delivery ef-
ficiency between volumetric modulated arc therapy and dynamic intensi-
ty modulated radiation therapy for nasopharyngeal carcinoma with more 
than 4 prescribed dose levels.] Sheng Wu Yi Xue Gong Cheng Xue Za Zhi, 
2017; 34: 907–13 [in Chinese]

 21. Lee N, Harris J, Garden AS et al: Intensity-modulated radiation therapy with 
or without chemotherapy for nasopharyngeal carcinoma: Radiation Therapy 
Oncology Group Phase II trial 0225. J Clin Oncol, 2009; 27: 3684–90

 22. Li YC, Chen FP, Zhou GQ et al: Incidence and dosimetric parameters for 
brainstem necrosis following intensity-modulated radiation therapy in na-
sopharyngeal carcinoma. Oral Oncol, 2017; 73: 97–104

 23. Mayo C, Yorke E, Merchant TE: Radiation-associated brainstem injury. Int J 
Radiat Oncol Biol Phys, 2010; 76: S36–41

 24. Emami B, Lyman J, Brown A et al: Tolerance of normal tissue to therapeu-
tic irradiation. Int J Radiat Oncol Biol Phys, 1991; 21: 109–22

 25. Debus J, Hug EB, Liebsch NJ et al: Dose-volume tolerance of the brainstem 
after high-dose radiotherapy. Front Radiat Ther Oncol, 1999; 33: 305–14

 26. Jian JJ, Cheng SH, Tsai SY et al: Improvement of local control of T3 and T4 
nasopharyngeal carcinoma by hyperfractionated radiotherapy and concom-
itant chemotherapy. Int J Radiat Oncol Biol Phys, 2002; 53: 344–52

 27. Edge SB, Compton CC: The American Joint Committee on Cancer: The 7th 
edition of the AJCC cancer staging manual and the future of TNM. Ann Surg 
Oncol, 2010; 17(6): 1471–74

 28. Miller AB, Hoogstraten B, Staquet M, Winkler A: Reporting results of can-
cer treatment. Cancer, 1981; 47: 207–14

 29. World Health Organization. (1979). WHO handbook for reporting results of 
cancer treatment. Geneva: World Health Organization. Available at: http://
www.who.int/iris/handle/10665/37200

 30. Zeng L, Tian YM, Sun XM et al: Late toxicities after intensity-modulated ra-
diotherapy for nasopharyngeal carcinoma: Patient and treatment-related 
risk factors. Br J Cancer, 2014; 110: 49–54

 31. Kwong DL, Sham JS, Leung LH et al: Preliminary results of radiation dose es-
calation for locally advanced nasopharyngeal carcinoma. Int J Radiat Oncol 
Biol Phys, 2006; 64: 374–81

 32. Xiao WW, Huang SM, Han F et al: Local control, survival, and late toxici-
ties of locally advanced nasopharyngeal carcinoma treated by simultane-
ous modulated accelerated radiotherapy combined with cisplatin concur-
rent chemotherapy: Long-term results of a phase 2 study. Cancer, 2011; 
117: 1874–83

 33. Kong FF, Ying H, Du CR et al: Effectiveness and toxicities of intensity-mod-
ulated radiation therapy for patients with T4 nasopharyngeal carcinoma. 
PLoS One, 2014; 9: e91362

 34. Lee AW, Ng WT, Chan LL et al: Evolution of treatment for nasopharyngeal 
cancer – success and setback in the intensity-modulated radiotherapy era. 
Radiother Oncol, 2014; 110: 377–84

 35. Xue F, Hu C, He X: Impact of minimum point dose on local control and tox-
icity in T3–4 nasopharyngeal carcinoma treated with intensity-modulated 
radiation therapy plus chemotherapy. Jpn J Clin Oncol, 2018; 48: 265–71

 36. Ooishi M, Motegi A, Kawashima M et al: Patterns of failure after postop-
erative intensity-modulated radiotherapy for locally advanced and recur-
rent head and neck cancer. Jpn J Clin Oncol, 2016; 46: 919–27

 37. Zheng Y, Han F, Xiao W et al: Analysis of late toxicity in nasopharyngeal car-
cinoma patients treated with intensity modulated radiation therapy. Radiat 
Oncol, 2015; 10: 17

 38. Siala W, Mnejja W, Khabir A et al: Late neurotoxicity after nasopharyngeal 
carcinoma treatment. Cancer Radiother, 2009; 13: 709–14

8858
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Sun P.-Y. et al.: 
High-dose static and dynamic intensity-modulated radiotherapy…

© Med Sci Monit, 2018; 24: 8849-8859
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 39. Kwong DL, Pow EH, Sham JS et al: Intensity-modulated radiotherapy for 
early-stage nasopharyngeal carcinoma: A prospective study on disease con-
trol and preservation of salivary function. Cancer, 2004; 101: 1584–93

 40. Wong FC, Ng AW, Lee VH et al: Whole-field simultaneous integrated-boost 
intensity-modulated radiotherapy for patients with nasopharyngeal carci-
noma. Int J Radiat Oncol Biol Phys, 2010; 76: 138–45

 41. Kam MK, Teo PM, Chau RM et al: Treatment of nasopharyngeal carcinoma 
with intensity-modulated radiotherapy: The Hong Kong experience. Int J 
Radiat Oncol Biol Phys, 2004; 60: 1440–50

 42. Lee NY, Zhang Q, Pfister DG et al: Addition of bevacizumab to standard 
chemoradiation for locoregionally advanced nasopharyngeal carcinoma 
(RTOG 0615): A phase 2 multi-institutional trial. Lancet Oncol, 2012; 13: 
172–80

 43. Tham IW, Hee SW, Yeo RM et al: Treatment of nasopharyngeal carcino-
ma using intensity-modulated radiotherapy – the National Cancer Centre 
Singapore Experience. Int J Radiat Oncol Biol Phys, 2009; 75: 1481–86

 44. Ma BB, Kam MK, Leung SF et al: A phase II study of concurrent cetuximab-
cisplatin and intensity-modulated radiotherapy in locoregionally advanced 
nasopharyngeal carcinoma. Ann Oncol, 2012; 23: 1287–92

 45. Ng WT, Lee MC, Hung WM et al: Clinical outcomes and patterns of failure 
after intensity-modulated radiotherapy for nasopharyngeal carcinoma. Int 
J Radiat Oncol Biol Phys, 2011; 79: 420–28

8859
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Sun P.-Y. et al.: 
High-dose static and dynamic intensity-modulated radiotherapy…
© Med Sci Monit, 2018; 24: 8849-8859

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


