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Abstract

Objectives: The study is a comparative randomized study between two groups of patients, the aim of 
which is to compare 3D conformal radiation therapy (3D-CRT) and intensity modulated radiation 
therapy (IMRT) as newer modalities in treating nasopharyngeal carcinomas; evaluating and comparing 
both techniques as regard their efficacy on tumor response, local control and treatment related toxicity as 
well as a dosimetric comparison between both techniques.

Patients and Methods: Between February 2010 and December 2011, 20 patients with nasopharyngeal 
carcinoma were treated by 3D CRT technique (Group A) and compared to another 20 patients treated by 
IMRT (Group B). Both groups were treated at Kasr El-Ainy Center of Clinical Oncology and Nuclear 
Medicine (NEMROCK).The two groups were treated concurrently with platinol based chemotherapy as 
a weekly sensitizer and post-radiotherapy with cisplatin and 5-FU for 3 cycles. Patients were assessed 
for treatment related toxicity using the European Organization for research and treatment of cancer, the 
Radiation Oncology Group (EORTC/RTOG) and the National cancer institute common toxicity (NCI). 

Results: Group A showed a higher incidence of treatment related toxicity than in group B particularly 
xerostomia. IMRT was clearly able to preserve the parotid gland function. Between February 2010 and 
December 2011 with a median follow up 20 months for both groups, all patients entered in complete 
remission after treatment except one in group A. Local control rates were 95% and 100% for groups A 
and B respectively. Results of the dosimetric comparison between both techniques showed that IMRT 
had a better tumor coverage and conformity index. As for the dose homogeneity it was also better in the 
IMRT plans and the reason for this was attributed to the dose inhomogeneity at the photon/electron 
junction in the 3D-CRT plans. Also, doses received by the risk structures, particularly parotids, was 
significantly less in the IMRT plans than those of 3D-CRT. A statistically significant difference was also 
observed in the V30 to the parotid gland, which was 95.8% and 39.3% with CRT and IMRT, 
respectively (p < 0.001). IMRT reduced mean doses to the cochleae from 53.3 Gy to 46.8 Gy (right 
side) and 49.16 Gy to 42.72 Gy (left side) with a p-value of 0.008 and 0.013, respectively. Maximum 
doses to the spinal cord, brainstem, chiasma and temporal lobe were greater for patients treated by CRT 
compared with IMRT (p < 0.05, for all).

Conclusion:  IMRT technique was clearly able to increase the dose delivery to the target volume, 
improve conformity and homogeneity index and spare the parotid glands and reduce dose to the risk 
organs in comparison to 3D-CRT.

Key words: Nasopharynx cancer, 3D-conformal, IMRT, xerostomia.
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Introduction

          Nasopharyngeal carcinoma (NPC) is a malignant tumor of nasopharyngeal 

epithelium. The median number of nasopharyngeal carcinoma patients in NEMROCK 

during the period of 2004- 2009 was 15 cases per year; Comprising 10 % of head and 

neck cancer patients and 0.5 % of all cancer patients (NEMROCK registration 

database).  

          Because the nasopharynx is immediately adjacent to the base of skull, surgical 

resection with an acceptable margin is often not achievable. Nasopharyngeal carcinoma 

(NPC) is highly sensitive to ionizing radiation, and radiation therapy is the mainstay 

treatment modality for nonmetastatic disease. Conformal therapy describes radiotherapy 

treatment that creates a high dose volume that is shaped to closely conform to the desired 

target volumes while minimizing (as much as possible) the dose to critical normal tissues 

(Gunderson et al 2012).

          Chemo-radiotherapy became the standard of care for non-metastatic 

nasopharyngeal carcinomas followed by 3 cycles of adjuvant chemotherapy (Al-Sarraf

et al 2001 and Adelstein et al 2003).

        Intensity- modulated radiation therapy (IMRT) represents one of the major technical 

advancement in modern radiation therapy. IMRT is an advanced three-dimensional (3D) 

conformal treatment that uses non-uniform beam intensity patterns with computer aided 

optimization to achieve superior dose distribution with much higher conformality than 

those achievable with conventional 3D conformal radiation therapy (3DCRT). Because of 

this new capability in manipulating the intensities of individual rays within each beam, 

IMRT allows greater control of dose distributions that, when combined with various 

image-guided techniques to precisely delineate target volumes and deliver the planned 

treatments, may improve tumor control and reduce normal tissue toxicity(Hunt et al 

2001).
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              Several institutions have shown a potential dosimetric improvement for IMRT 

over conventional and 3D conformal techniques in the setting of nasopharyngeal cancer. 

Cheng et al showed that target coverage of the tumor was maintained and nodal coverage 

was improved in 17 nasopharyngeal carcinoma patients, as compared with conventional 

beam arrangements. Also the ability of IMRT to spare parotid gland was exciting (Cheng 

et al 2001).

           In 2002, Lee et al. reported the USCF experience of treating 67 NPC patients 

using IMRT. Approximately, 70% of all patients had stages III and IV diseases. The 

prescribed dose was 65–70 Gy (2.12–2.25 Gy/fraction/day) to the gross target volume 

(GTV) and positive neck nodes, 60 Gy (1.8–2.0 Gy/fraction/day) to the clinical target 

volume (CTV), 50–60 Gy to the clinically negative neck. Fifty patients received 

concomitant cisplatin and adjuvant cisplatin and 5-fluorouracil chemotherapy according 

to Intergroup 0099 trial. With a median follow-up of 31months, the 4-year estimates of 

local progression-free, local-regional progression-free and distant metastases free rates 

were 97%, 98%, and 66%, respectively. The 4-year estimate of overall survival was 88%. 

This was one of the first studies that demonstrated an improved tumor control by 

improved tumor target coverage using IMRT (Lee et al. 2002).

              In a randomized trial from Hong Kong, Kwong et al. (2008) compared the 

disease control and salivary gland dysfunction in stage II NPC patients treated with 

IMRT vs. three-dimensional radiotherapy (3D-CRT). The 4-year local control was 90.5% 

with IMRT vs. 71.7% with 3DRT (p = 0.019). Neck control, distant metastasis, failure-

free, and disease-specific survival were not significantly different between the two arms. 

Because of the improved treatment outcome and toxicity profile (less than 8% of patients

treated with IMRT experienced grade II xerostomia, and no patient had grade III or IV 

parotid dysfunction), IMRT is recommended for definitive treatment for all patients with 

nasopharyngeal cancer.(Kwong et al. 2008)

       One of the major complaints from patients treated with conventional external beam 

radiation therapy to the nasopharynx is xerostomia because of a high dose irradiation to 

parotid glands bilaterally. As mentioned above, the probability and severity of xerostomia 
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is largely dependent on the radiation dose and the volume of the parotid gland. IMRT is 

capable of reducing the dose to the parotid glands while simultaneously delivering high 

doses to the tumor targets. Reported studies of IMRT for NPC have demonstrated a clear 

advantage for preserving salivary functions with IMRT (Peter et al 2004) (Tham et al 

2009).

         The middle ear is exposed to a significant dose of radiation during treatment of 

nasopharyngeal carcinoma (NPC). This exposure can lead to otitis media with effusion 

(OME) which is a very common problem during or after the completion of radiotherapy 

and can persist for many years after treatment.The rate of OME in the IMRT arm was 

less than the 3D-DRT arm significantly ( p-value <0.05)(Sheng et al 2009).

          In another report, the frequency of radiation-induced damage to ear function was as 

high as 54%, second only to xerostomia, as the most common complication associated 

with the treatment of NPC. The incidence of radiation-induced OME is as high as 26% 

and is characterized by deafness, tinnitus, and pain in the ear. Eustachian tube (ET) 

function is the poorest at 6 months after treatment and can last for life (Yeh et al 2005).

         Inspite of several dosimetric and functional superiority of IMRT over 3D- CRT, yet 

there are several concerns regarding this new technique i.e higher doses to undefined 

tissues, second malignancy, 4 fold increase in monitor units per treatment which is 

reflected on overload on radiotherapy machines specially in busy departments. 

Furthermore, the higher cost and longer time required to start treatment are extra-

concerns. Longer follow up of large patient cohort is needed to prove the cost-

effectiveness of this new technique.
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Aim of Work

          The study was conducted to compare 3D conformal radiation therapy and intensity 

modulated radiation therapy as newer modalities in treating nasopharyngeal carcinomas; 

evaluating and comparing both techniques as regard their efficacy on tumor response, 

local control and treatment related toxicity as well as a dosimetric comparison between 

both techniques. 


