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Abstract  Original Research Article 
 

Nasopharyngeal cancer presents unique challenges due to its complex anatomical location and proximity to critical 

organs. This systematic review examines the relevance of proton therapy in treating nasopharyngeal cancer. Twenty-

six articles met the inclusion criteria, comprising conceptual studies, practical evaluations of proton therapy, and 

assessments of acute toxicities. Proton therapy demonstrated comparable tumor conformation and lower doses to 

organs at risk (OARs) compared to intensity-modulated radiotherapy (IMRT). Preliminary evidence suggests that 

proton therapy is at least as effective as IMRT and may be less toxic. Proton therapy shows promise for primary 

treatment, boosting after photon therapy, salvage situations, and pediatric populations, but careful attention to OAR 

doses is crucial. However, large randomized clinical trials are needed to establish its superiority and assess long-term 

outcomes.  

Keywords: Nasopharyngeal neoplasms, proton therapy, intensity modulated proton therapy (IMPT), intensity 
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INTRODUCTION 
Nasopharyngeal cancer is aradiosensitive 

disease and is characterized by a complex anatomical 

configuration. Its deep-seated anatomy and its 

proximity to many organs at risk such as the brainstem, 

cranial nerves, orbit and optic nerves, temporal lobes 

and the constrictors muscles of the pharynx and 

masticators,doesn’tallow surgery in most 

cases(Maingon et al., 2016). The reference treatment is 

radiotherapy, often potentiated by chemotherapy (from 

stage II)(Grégoire et al., 2015; Ribassin-Majed et al., 

2017). But its location in head and neck compartmentis 

associated with several rays acute and late toxicities, 

specially with 3D conformal therapy(Trotti et al., 

2003). These toxicities have been addressed to some 

extent with photon intensity-modulated radiotherapy 

(IMRT), but late toxicities such as consistent 

xerostomia and dysphagia remain a significant 

concern(Langendijk et al., 2008). Proton therapy, by 

virtue of the Bragg‐Peak phenomenon, seems to offer 

more favorable dosimetric profiles compared to other 

photon-based radiotherapy techniques, including IMRT, 

in many cancer types (Mitin & Zietman, 2014).This 

technique capitalizes on the sharp dose fall-off at the 

tumor edge, allowing a remarkable reduction in the 

dose delivered to adjacent normal tissues, particularly 

with intensity-modulated proton therapy (IMPT). IMPT 

has been advocated as a promising radiation technique 

that could potentially reduce toxicity to protect organs 

at risk (OAR) and provide opportunities for dose 

escalation in the tumor area(Blanchard et al., 2018). 

 

Moreover, although proton therapy is still not a 

routine technique in the management of nasopharyngeal 

cancer, its utilization is increasing, with a rapid rise in 

the number of proton centers worldwide, not only in the 

USA (Leeman et al., 2017). 

 

The aim of this systematic review is to clarify 

the relevance of proton therapy in the treatment of 

nasopharyngeal cancer. 

 

MATERIAL AND METHODS 
The systematic review was conducted using 

PubMed as the primary database. The search strategy 

involved utilizing specific Mesh terms, identified by 

Hetop, namely "nasopharyngeal neoplasms" AND 

"proton therapy," to identify relevant articles. The 

inclusion criteria for article selection were limited to 

those available in full text. 
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Following the initial search, all abstracts of the 

identified articles were meticulously reviewed. Articles 

that were determined to be directly relevant to the 

subject matter of the review were retained for further 

analysis. Conversely, articles that were considered too 

general or lacked relevance to the specific topic were 

excluded from the study. 

 

Subsequently, the full text of the selected 

papers was obtained and carefully examined to extract 

the relevant data and insights. The comprehensive 

reading of these papers allowed for a detailed 

evaluation of the methodology employed, the study 

design, the outcomes reported, and any limitations 

identified. 

 

By adhering to a rigorous methodology and 

utilizing the available resources, the systematic review 

aimed to provide a comprehensive and reliable 

synthesis of the existing literature on the use of proton 

therapy for nasopharyngeal neoplasms. 

 

RESULTS 
A total of 41 articles were generated, all of 

which were published between 2002 and 2023. One 

article was eliminated due to the absence of an available 

abstract. Fourteen articles were not retained because 

their major topics were not specific enough to the 

chosen subject. For instance, the first article addressed 

the possibility of generating synthetic images from MR 

images for intensity-modulated proton therapy 

treatment planning of nasopharyngeal cancer (Chen et 

al., 2022), which deviated too far from the topic of this 

review. The remaining thirteen articles primarily 

focused on dosimetric and radiobiological 

considerations, which were too general for the 

technique and not specific to the pathology. 

 

Therefore, a total of twenty-six papers met the 

inclusion criteria. No large randomized clinical trials 

were found, and only retrospective studies, small 

cohorts and two reviews were published. 

 

The topics covered in these articles could 

generally be categorized into three main groups. The 

first category pertained to conceptual subjects that 

linked proton radiobiology to the challenges of 

tumoricidal irradiation of the nasopharynx with minimal 

sequelae. The second category focused on practical 

aspects, evaluating the effectiveness of proton therapy, 

often in comparison to IMRT, as a primary treatment 

and in cases of recurrence. The last category 

specifically addressed acute toxicities caused by proton 

therapy in nasopharyngeal neoplasms. However, this 

topic was also analyzed in all the identified cohorts 

simultaneously with clinical outcomes. 

 

Conceptual studies have been reported, based 

on the comparison of treatment planning between 

proton beam therapy and IMRT for patients with newly 

diagnosed and recurrent nasopharyngeal carcinoma. 

The objective of these studies was to evaluate the 

potential benefits and limitations of both treatment 

modalities. The findings of these studies indicate that 

both proton beam therapy and IMRT achieved 

comparable levels of tumor conformation while 

significantly reducing the radiation dose to the OAR. 

This reduction in radiation dose to the OAR is believed 

to contribute to decreased morbidity and improved 

quality of life for patients(Lewis et al., 2016; Liu et al., 

2010; Noël et al., 2002; Taheri-Kadkhoda et al., 2008). 

 

To start with, in 2015, Steven J. Frank (Frank, 

2016)discussed the toxic effects associated with 

intensity-modulated photon radiation therapy for head 

and neck cancer. Proton therapy, particularly multifield 

optimization IMPT, has been established as a safe and 

effective alternative for treating head and neck tumors 

(Holliday & Frank, 2014). Studies have shown that 

IMPT provides improved dose distribution, reducing 

the need for gastrostomy tubes and minimizing side 

effects (Frank et al., 2013; Holliday et al., 2015; 

Hutcheson et al., 2013). IMPT holds the potential to be 

a disruptive innovation in managing head and neck 

tumors, but further evidence and considerations are 

needed (Goitein & Cox, 2008). 

 

About a year later, Emma B. Holliday and al. 

dedicated a paper to the proton therapy in 

nasopharyngeal neoplasms. She treated the evidence of 

dosimetric advantages, the clinical benefit through 

series that will be cited on the corpus of this review, 

with a word on treatment planning and delivery, 

encouraging similarly opening prospective clinical trials 

so that high-quality evidence can be collected to better 

use this form of treatment for patients in the future 

(Holliday & Frank, 2016).  

 

In 2019, a paper updated the subject, and 

concluded that proton therapy offers advantages in head 

and neck cancer treatment, including reduced doses to 

normal tissues and potential dose escalation in the 

tumor area in nasopharyngeal neoplasms. IMPT has 

demonstrated better sparing of normal tissues compared 

to IMRT, such as the spinal cord, parotid glands, and 

larynx/esophagus. But the same observation was noted : 

further research is needed to explore dosimetric 

superiority, in vivo verification, and conduct 

comparative studies with IMRT(Sun et al., 2019). 

 

These findings lead us to published cohort 

results. Thus,the Jama Network Open article (Falchook, 

2021) edited an article that reported the results of a 

retrospective study comparing IMPT and IMRT in the 

treatment of head and neck cancer. The study found no 

statistically significant differences in loco-regional 

failure-free survival, progression-free survival, distant 

metastasis-free survival, or overall survival between the 

two techniques (Li et al., 2021). Both IMPT and IMRT 

were highly effective at achieving disease control, and 
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reducing toxicities emerged as a key aspect of 

improving treatment outcomes. 

Adaptive IMPT was investigated in two 

studies. The first study by Hideki Minatogawa et al., 

(Minatogawa et al., 2021) demonstrated that the 

adaptive approach enhanced the potential benefit of 

IMPT over IMRT, resulting in reduced doses to OAR 

and potentially reducing adverse effects. The second 

study highlighted the robust target coverage and 

acceptable OAR dose variation achieved through 

optimized IMPT plans combined with volumetric 

verification imaging and adaptive planning (Scandurra 

et al., 2022). 

 

Proton therapy has also been explored for 

boosting tumor treatment after an initial series with 

photons. A French cohort study at the Curie Institute 

showed that complementary proton therapy delivered a 

similar or even better toxicity profile compared to 

IMRT alone, along with comparable local control 

outcomes, particularly for T4N0M0 nasopharyngeal 

carcinoma (Beddok et al., 2019). And a more recent 

Italian cohort study demonstrated that sequential proton 

boost resulted in significantly lower acute toxicity 

profiles compared to a full course of IMRT, with 

similar two-year disease-related outcomes (progression-

free survival and progression-free survival) (Alterio et 

al., 2020). 

 

Lastly, it was interesting to propose proton 

therapy for the management of recurrences. And Hing 

Ming Hung et al., (Hung et al., 2022) showed a 

dosimetric advantages of Intensity Modulated Proton 

Therapy over Intensity Modulated Radiotherapy in 

terms of coverage of target volume and sparing of 

neurological organs-at-risk in salvaging recurrent 

nasopharyngeal carcinoma, but with high doses to 

carotid artery and nasopharyngeal mucosa, which are 

associated with potential carotid blowout and massive 

epistaxis. This paper warned on the necessity to be 

rigorous to the doses at these organs, which was not 

always assured with protons. The analyze of a sub 

group of seven patients of a Korean study who were re 

irradiated by IMPT at the recurrence showed a similar 

rate of overall survival, local free survival and toxicity 

free survival with IMRT, and suggested that this 

technique was feasible in treating locally recurrent 

disease (Nam et al., 2022). 

 

Pediatric patients with non-metastatic 

nasopharyngeal neoplasms were also considered in a 

cohort and two reported cases. The first one treated 

these patients with induction chemotherapy followed by 

moderate-dose proton therapy(Uezono et al., 2019). 

Overall survival, progression-free survival, and local 

control rates were 100% at 3 years. Serious late side 

effects included cataract, esophageal stenosis requiring 

dilation, sensorineural hearing loss requiring aids, and 

hormone deficiency, concluding that moderate-dose 

proton therapy could potentially reduce toxicity in the 

brain and skull base region without compromising 

disease control, but with the necessity to evaluate any 

reduction in long-term complications with a further 

follow up. On the other hand, the two cases reported a 

total remission from the disease and few late toxicities 

(right parotid gland smaller than the left gland, and right 

lower back teeth showed atrophy, grade 1 trismus, 

retardation on parotids, mandibular ramus and cervical 

spine in the treatment field) but no xerostomia or facial 

deformation (Oshiro et al., 2011). 

 

Acute toxicities were the major topics of two 

papers. The first one was a general paper in 

nasopharynx and paranasal sinus cancers, and showed a 

decreased dose at OAR with IMPT. For example, in 

node negative, oral cavity received 5.1 Gy versus 

31.5Gy with IMRT.None of the patients required the 

placement of gastrostomy tube at the time of treatment 

and IMPT was associated with a lower opioid pain 

requirement at the completion of radiation and a lower 

rate of gastrostomy tube dependence by the completion 

of radiation therapy and at 3 months after 

radiation(McDonald et al., 2016). The second paper 

was an observational study that investigated the 

prognostic factors and treatment outcomes of acute 

radiation dermatitis among fifty-seven patients with 

nasopharyngeal carcinoma treated with IMPT. The 

results showed this toxicity is a major concern for these 

patients, especially those with habitual smoking or 

advanced nodal status (Fang et al., 2023). Only topical 

corticosteroid, silver sulfadiazine, and non-adhering 

silicone dressing were used. 

 

DISCUSSION 
The analysis of the corpus revealed a 

collection of 41 articles published between 2002 and 

2023, with a wide range of topics related to proton 

therapy in nasopharyngeal neoplasms. However, it is 

important to note that the majority of the studies were 

based on retrospective designs or small cohorts, which 

may limit the generalizability of the findings and 

introduce potential biases. 

 

While some studies highlighted the conceptual 

aspects of proton therapy and its potential benefits in 

achieving tumoricidal irradiation with minimal 

sequelae, the evidence supporting these claims was 

often limited. Additionally, the practical comparisons 

between proton therapy and intensity-modulated 

radiation therapy (IMRT) lacked robust evidence from 

large randomized clinical trials. 

 

The corpus included studies that emphasized 

the dosimetric advantages of proton therapy, such as 

reduced radiation dose to organs at risk and improved 

target coverage. However, the clinical significance of 

these dosimetric improvements and their impact on 

patient outcomes remained unclear. Furthermore, the 

long-term complications and late toxicities associated 

with proton therapy were not thoroughly addressed, 
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highlighting the need for further research and longer 

follow-up periods. 

 

The limited number of large-scale randomized 

clinical trials addressing proton therapy in 

nasopharyngeal neoplasms is a significant limitation. 

This scarcity of high-quality evidence makes it 

challenging to draw definitive conclusions about the 

superiority of proton therapy over other treatment 

modalities, such as IMRT. Future research efforts 

should focus on conducting well-designed prospective 

studies with larger sample sizes to provide more reliable 

and robust evidence. 

 

In summary, while the corpus of articles on 

proton therapy in nasopharyngeal neoplasms presented 

some promising findings regarding tumor conformation 

and organ-at-risk sparing, it is crucial to approach the 

results with caution due to the limitations of the 

available evidence. Further research, including rigorous 

randomized controlled trials and long-term follow-up 

studies, is needed to better understand the true clinical 

benefits, potential toxicities, and overall efficacy of 

proton therapy in this specific context. 

 

CONCLUSION 
In conclusion, the corpus of articles on proton 

therapy in nasopharyngeal neoplasms highlights the 

potential benefits of this treatment modality in terms of 

tumor conformation and reduced radiation dose to 

organs at risk. However, the evidence primarily consists 

of retrospective studies, small cohorts, and case studies, 

limiting its generalizability. Comparative studies with 

intensity-modulated radiation therapy (IMRT) and 

large-scale randomized controlled trials are needed to 

establish the efficacy and long-term outcomes of proton 

therapy. Further research is necessary to fully 

understand its potential advantages and limitations in 

improving patient outcomes. 
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