Head and neck cancers (HNC) represent approximately 4% of all cancers in the United States [1]. These malignancies affect various anatomic structures, including the oral cavity, oropharynx, nasopharynx, hypopharynx, larynx, paranasal sinuses, and salivary glands [2]. The treatment of these cancers can include surgery and/or chemotherapy along with radiation therapy (RT) as a definitive or adjuvant therapy [2]. 
The brain’s response to radiation therapy is divided into three categories based on the time of onset. The symptoms or signs vary according to the part of the CNS irradiated. If they occur, acute symptoms are generally mild and of little consequence [3]. The acute effects occur within the first few weeks of RT and include increased cerebral edema which may result in drowsiness alongside headache and nausea. For acute reactions, the brain is directly irradiated. The early delayed (subacute) effects occur within 1-6 months after incidental irradiation of the spinal cord and include headache, somnolence, and fatigue. Both acute and subacute effects are reversible. The late (delayed) effects constitute the major hazard of CNS exposure to therapeutic irradiation. Onset may occur after more than 6 months of the onset of RT. The symptoms in this phase vary and may include seizures, significant memory loss and severe dementia [3].
The side effects of radiation therapy are not limited to the brain tissue. Other side effects of therapeutic radiation to an organ include radiation pneumonitis and radiation fibrosis of the lungs [4], damage to the pericardium, myocardium, or coronary vasculature [5] and xerostomia [6].
Traditional imaging modalities such as computed tomography (CT) and magnetic resonance imaging (MRI) have been used for staging cancer and monitoring structural changes. In contrast, positron emission tomography (PET) is used to visualize physiological and molecular changes [7]. 18F-fluorodeoxyglucose (18FDG), a radiolabeled glucose analog, is the most commonly used tracer for PET scanning. It is taken up by cells that rapidly consume and metabolize glucose, such as cancer and inflammatory cells [8-10].   Combined FDG-PET/CT modality allows for detection and quantification of glucose metabolism on the molecular level correlated with anatomical structures leading to a more accurate detection of malignancies and inflammatory changes [11,12]. 
Proton RT may offer clinical advantages compared with conventional radiation therapy with x-rays (photons) or electrons for cancer patients because of a more favorable distribution of the radiation dose [13]. Using proton therapy, the risk of damage to normal tissues is decreased which in turn may permit dose escalation and increased probability of cure [14]. If the treatment effect was the only concern, proton therapy would be in some cases superior to photon therapy since either a higher curative dose with the same side effects or the same curative dose with lower side effects can be achieved with proton therapy. However, proton therapy is expensive which limits its use [14].
In a nonrandomized retrospective study by Baumann et al. the effectiveness of proton compared to photon RT in head and neck cancer (HNC) patients was evaluated. The study included 1483 adult patients that were treated with chemoradiotherapy and received proton or photon therapy. The objective of that study was to assess whether proton therapy was associated with fewer unplanned hospitalizations or other adverse events and similar disease-free and overall survival compared with photon therapy. It was concluded that proton RT was associated with significantly reduced acute adverse events that caused unplanned hospitalizations, with similar disease-free and overall survival [15].
In a study by Lee et al, dose-volume histograms for proton radiation therapy was compared to photon therapy and other radiation therapies. The results showed that proton therapy has the best target coverage combined with the most orbital bone sparing in retinoblastoma patients (10% was the mean orbital bone volume irradiated at ≥5 Gy for protons compared to 25% for photons). In medulloblastoma cases, the use of proton RT resulted in the least radiation to the cochlea [16].
A study by Petr et al, 2018 compared the brain tissue volume and perfusion in 47 patients that received photon therapy and 19 patients that received proton therapy. The results showed a 2.2% reduction in grey matter and 1.2% reduction in white matter in 3-6 post-treatment with photon therapy. No significant difference in volume could be seen with proton therapy. The difference between both modalities was statistically significant. [17]. As for perfusion, a 10% decrease was observed in patients treated with photon therapy compared to 9% in patients treated with proton therapy. The latter was not statistically significant [17].
As proton therapy reduces the dose to normal tissues, Khalley et al postulated that it may yield better neurocognitive outcomes in pediatric patients with brain tumors. The study compared the change in intelligence quotient (IQ) for patients that received proton therapy and those that received photon therapy. The results did not show a difference. However, the authors suggested that long-term data is needed [18].
A study by Raschke et al looked into cerebellar atrophy in glioma patients after radiation therapy. The results showed that cerebellar volume decreased significantly as a function of time and dose. The cerebellar dose was significantly lower in patients treated with protons as compared to those treated with photons [19].
As mentioned earlier, 18-fluorodeoxyglucose (FDG), a radiolabeled glucose analog, is commonly used as a tracer in PET scanning. It is rapidly absorbed by cancer cells. Brain cells rely greatly on glucose as a source of energy. The aim of this study is to compare FDG uptake by the cerebellum before and after radiation therapy. Reduced FDG uptake may indicate reduced cerebellar activity and an increase in FDG uptake may indicate an increase in cerebellar inflammation.
Utilizing FDG, Rege et al. studied the effects of RT on normal tissues in the head and neck region. The authors concluded that the average metabolic ratio in the tonsils, nasal turbinates, soft palate, and gingiva did not change significantly after a 6-week course of radiation therapy. The subjects of this study had a biopsy-confirmed squamous cell carcinoma of the head and neck region [20]. In a recent study from our group by Mouminah et al, Parotid gland showed a significant increase in the uptake of FDG 3 months post-treatment in patients receiving photon radiation therapy. This suggested a radiation-induced inflammation of the parotid gland. The primary tumor location for the patients was tongue, oropharynx, nasoparhynx, hypopharynx or larynx [21]. 
Protocols utilizing photon beams are currently the most common form of RT for HNC while less than 1% of patients are treated with proton therapy [22]. When comparing proton to photon therapy, proton therapy has the advantage of lower dose and smaller number of beams [23]. Abdulla et al. reported that relative to the non-irradiated contralateral lung, the directly irradiated lung parenchyma of patients undergoing treatment for lung cancer, exhibited an increase in the global standardized uptake value of 18FDG (global SUVmean) [24]. Jahangiri showed that the SUVmean increase is significant in locally advanced non-small cell lung cancer patients treated with photon therapy but not proton therapy [25]. Mouminah et al. showed a statistically significant increase in global SUVmean in the parotid gland of patients who underwent photon therapy for treatment of HNC [21]. 
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