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Abstract

Background—We aim to characterize serial (i.e., acute and late) MRI signal intensity (SI) 

changes in dysphagia-associated structures as a function of radiotherapy (RT) in nasopharyngeal 

cancer (NPC) patients.

Materials and Methods—We retrospectively extracted data on 72 patients with stage III-IV 

NPC treated with intensity-modulated RT (IMRT). The mean T1- and T2-weighted MRI SIs were 
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recorded for the superior pharyngeal constrictor (SPC) and soft palate (SP) at baseline, early-after 

IMRT, and last follow up, with normalization to structures receiving <5 Gy.

Results—All structures had a significant increase in T2 SIs early after treatment, irrespective of 

the mean dose given. At last follow-up, the increase in T2 SI subsided completely for SPC and 

partially for SP. The T1 SI did not change significantly in early follow-up images of both 

structures; on late follow-up, patients with mean doses >62.25 Gy had significant decrease in the 

corresponding T1 SI for SPC (1.6 ± 0.4 vs. 1.3 ± 0.4, P=0.007) but decreased non-significantly for 

SP.

Conclusions—Serial MRI acquisitions enable the identification of both early and late radiation-

induced changes in swallowing structures after definitive IMRT for NPC. Dose dependent 

decreased signal intensity on late T1 images is associated with higher RT doses to the superior 

pharyngeal constrictor muscle; while dose independent increased SI for both structures on early 

post-RT T2 images is observed and subsides after therapy. Further efforts will seek to elucidate 

the relationship between dose-dependent muscle SI changes and the potential functional alteration 

of swallowing muscles.
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Introduction

Radiation therapy (RT) for head and neck cancer can result in changes to the muscles 

responsible for swallowing, leading to short-term or long-term dysphagia. [1–4] In general, 

the early acute toxicities that are largely attributable to acute mucosal injury from RT are 

self-limited, whereas “late effects” occurring >90 days after therapy typically reflect 

progressive and irreversible fibrosis and soft tissue injury. [5–7] Since concurrent 

chemotherapy and RT represents the standard of care for nasopharyngeal cancer (NPC) [8, 

9], chronic dysphagia can have a substantial negative impact on the quality of life of long-

term survivors [7, 10–14]. Therefore, investigation into the pathophysiology and predictors 

of permanent dysfunction is paramount. [15]

The major muscular structures involved in the propulsive phase of swallowing are the 

superior pharyngeal constrictor (SPC), the middle pharyngeal constrictor, the inferior 

pharyngeal constrictor, the base of the tongue, the soft palate (SP), and the esophageal inlet. 

[16–18] Suprahyoid and floor of mouth musculature are critical for protecting the airway by 

preventing aspiration and penetration since they elevate the hyoid and larynx to allow for 

appropriate bolus diversion away from the airway and help to open the esophagus for bolus 

entry. [19] Many studies have reported strong correlations between dysphagia and the 

radiation dose to the pharyngeal constrictors. More specifically, the superior pharyngeal 

constrictor dose has been identified as a strong correlate and predictor of long-term, dose-

related, radiation-associated dysphagia (RAD). [15, 20] During deglutition, the soft palate 

functions to both prevent premature entry of the bolus into the unprepared pharynx and to 

provide a velopharyngeal seal to allow distal driving pressure during pharyngeal transit. [18] 
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While the effects of RAD on the soft palate have not been studied as extensively as those on 

the superior pharyngeal constrictor, it typically receives a large dose of radiation in the 

treatment of NPC and is a logical organ-at-risk to study.

For several years, magnetic resonance imaging (MRI) has been used to track radiation-

induced changes in normal tissue. [21, 22] Irradiation of the pharyngeal wall results in T2-

weighted signal intensity (SI) increases and T1-weighted SI decreases, reflecting radiation-

induced edema and fibrosis, respectively. The T2-weighted sequence is sensitive at detecting 

even slight mucosal edema, represented by high SI. [23] Consequently, the use of such 

techniques could provide a method of assessing post-therapy injury, potentially even before 

the clinically apparent development of late RT sequelae. [24]

Other investigators have studied MRI SI changes that occur after head and neck RT and the 

qualitative pathophysiological characteristics of these changes [21–23], and preliminary data 

indicative of dose-dependent changes have been identified in a general head and neck 

dataset; however, to our knowledge, no study has tracked serial (i.e., acute and late) 

quantitative dose-response MRI parameter kinetics in a uniform NPC dataset.

The aim of this retrospective study is to characterize serial MRI SI changes that are 

indicative of RT-induced changes in dysphagia-associated volumes of interest (VOIs) as a 

function of the radiation dose. Our investigation serves as a hypothesis-generating study for 

a prospective clinical trial set to validate the T1 and T2 SI changes in correlation with 

patient treatment toxicity data.

Materials and Methods

Patients

The study was approved by the institutional review board of The University of Texas MD 

Anderson Cancer Center (Houston, Texas). Data were extracted from electronic medical 

records for all patients with stage III-IV NPC who had been treated with curative intensity-

modulated RT (IMRT) between 2002 and 2013 as part of a programmatic investigation into 

therapeutic outcomes for NPC. [25] The criteria included a proven pathologic diagnosis of 

NPC, treatment with curative intent, no prior RT to the head and neck area, available 

baseline pretreatment MRI, no evidence of recurrence or salvage therapy, and 2 or more 

serial MRIs after therapy.

MRI

For each patient, serial T1- and T2-weighted diagnostic MRIs had been obtained at baseline 

(pre-IMRT), early after IMRT, and at last follow-up after IMRT (Figure 1 a–c). The head 

and neck MRI images were obtained using a 1.5T Signa Excite MRI scanner (GE 

Healthcare, Waukesha, WI) with T1-weighted images (spin echo (SE), TE 8–24 ms, TR 50–

800 ms, slice thickness 3–5 mm, matrix 256×256 without fat suppression) and T2-weighted 

images (fast spin echo (FSE), TE 69–108 ms, TR 3000–6500 ms, slice thickness 3–5 mm, 

echo train length 16, matrix 256×256with fat suppression) and patients lying in the supine 

position. The effect of TR and TE variation on signal intensity changes is described in 

details in the supplementary online data.
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Image segmentation and registration

The mean T1- and T2-weighted MRI signal intensities (SIs) were recorded at each time 

point for the segmented VOIs, including the superior pharyngeal constrictor and the soft 

palate. While there are many candidate dysphagia structures of interest, we chose these 

structures as they are routinely imaged as part of skull base protocols. Using axial MRI 

slices for both VOIs, we contoured the superior pharyngeal constrictor from the level of the 

caudal pterygoid plates to the upper border of the hyoid bone; the soft palate was contoured 

from the inferior nasal cavity to the tip of the uvula. The manually segmented superior 

pharyngeal constrictor and soft palate structures were propagated from baseline to 

subsequent follow-up images using the deformable image registration platform of a 

benchmarked commercial image registration software (Velocity AI, version 3.0.1, Atlanta, 

GA).[26, 27] Additional quality assurance review of the propagated contours was done by 

two expert radiation oncologists (ASRM, CDF) with manual corrections when deemed 

necessary. The MRI SIs of the VOIs were normalized, in the manner of Popovtzer et al [22], 

to structures receiving a <5 Gy cumulative dose to account for MRI variability since a 

negligible radiation dose to these reference regions would be expected to have a minimal 

effect on SIs. The T1-weighted VOIs were normalized to the ocular globe, and the T2-

weighted VOIs were normalized to the caudate nucleus because these structures received no 

detectable radiation dose and were easily segmented in each scan. The IMRT plans were 

restored. Serial T1- and T2-weighted MRIs were co-registered using Velocity software with 

the treatment planning computed tomography images and the radiation dose grid to 

determine the dose-response relationship for all VOIs (Figure 1 d, e).

Statistical analysis

Time-interval-dependent T1- and T2-muscle signal alteration—A non-parametric 

Wilcoxon rank test statistical analysis was used, with a non-Bonferroni-corrected α=0.05 as 

a pre-specification for statistical significance, to compare changes in both T1 and T2 SI 

alteration over time, normalized to the pre-therapy baseline images. To evaluate alteration 

trends, we used linear regression to detect proportional alterations in T1 and T2 SI at 

discrete time intervals: “early” (within 12 months of therapy completion) and “late” (>12 

months after RT).

Dichotomous dose-response characterization—A recursive partitioning analysis 

(RPA) was used to identify dichotomous dose threshold parameters associated with 

subsequent significant T1 and T2 SI changes, using a previously described method [28], 

with extracted dose-volume histogram (DVH) data in 1-cGy bins. RPA was selected over 

other model-dependent methods as it is ideal for discriminating “thresholds” for continuous 

variables when a priori data are scant regarding optimum “cutpoint” or “threshold” 

candidates; it is also statistically powerful, even in the presence of multi-collinearity or 

interactions within and between candidate covariates. RPA is well known in other 

disciplines as “Classification and Regression Trees”, developed initially by Leo Breiman as 

an alternative to neural networks[29]. While RPA well-known in the radiation oncology 

literature[30] for discriminating between categorical variables (i.e. “classification trees”), 

RPA can also be used with continuous discriminant variables (i.e. regression tree analysis)

[31, 32]. In this case, normalized continuous change in from baseline in T1- or T2-signal 
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intensity was used as discriminant variable, so that we could define what dose-volume 

“cutpoint(s)” were associated late with a non-linear increase in T1- or T2-signal alteration.

DVH data were converted to a range of continuous doses that represented the mean dose 

(Dmean) to a VOI. Initially, RPA was performed using Dmean for all patients as candidates, 

using the normalized change from the baseline status as a discriminant variable. For decision 

tree partitioning, a 20% training “holdback” and a minimum split size of 10% per split/

partition (i.e., 7 patients per bin) were pre-specified. An a priori α =0.05 was specified for 

significance, with iterative trees and splits accepted using a Bonferroni-corrected logworth 

(i.e., the natural log of the inverse p-value); subsequent pruning after the first split 

demonstrated non-significance to account for multiple comparisons, with 10-fold cross-

validation. [28]

Post hoc confirmation of splits was performed using a confirmatory bivariate Wilcoxon 

comparison between trees, and the receiver-operator curve (ROC) was determined after the 

completion of all partitions, using derived “cutpoints” as an identified discriminator, again 

with a randomly selected 20% holdback verification.

Continuous (non-linear) dose-response modeling—To evaluate potential 

continuous dose-to-SI changes, we used the same RPA method, specifying VOI Dmean as a 

continuous discriminator variable, and normalized early and late delta mean T1 and T2 SIs 

as continuous candidates, with identical constraints (vide supra). After post hoc MRI SI 

“cutpoint” confirmation, a logistic regression analysis was performed, with the maximum 

likelihood fitting of probability of SI alteration assessed using 5-Gy “bins”.

To characterize continuous dose responses with greater statistical robustness, we performed 

bootstrap resampling. A bootstrap estimation [33] of the incidence of T1 SI alteration was 

then performed across 1-Gy bins using 104 iterative replicates. Using the method of 

Wedenberg [34], we performed 104 serial curve fittings on the subsequent distributions, 

which provided a probabilistic estimate of the “true” population probability range of T1 SI 

alteration across continuous doses.

Statistical analyses were performed using JMP 11.2 Pro (SAS Institute, Cary, NC), SPSS 

V22 (IBM, Chicago, IL, USA), and MATLAB R2013b (MathWorks, Natick, MA, USA) 

statistical analytic software packages.

Results

Seventy-seven patients were extracted but only 72 patients had dose response grids 

recovered and therefore only these were completely analyzed. For the 72 patients, the 

demographic characteristics, tumor stage and grade, and RT and chemotherapy regimens are 

outlined in Table 1. The patients’ median age at the completion of RT was 52 years, with a 

range between 20 and 77 years. Most of the patients were Caucasian (63%) and males (79%) 

and received induction chemotherapy (68%). Gross tumor (with margin) was prescribed a 

dose of 70 Gy in 33 fractions, and all were treated with IMRT.
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The median time to early post-RT follow-up for the 72 patients was 4 months, and the 

median late post-RT follow-up was 41 months. The mean dose to the superior pharyngeal 

constrictor was 62.4 Gy (SD, 8.7 Gy), and the mean dose to the soft palate was 66.8 Gy (SD, 

7.3 Gy).

Figure 2 shows 2 examples of MRI subtraction images that were created to visually depict 

the SI alterations between different time points. The subtraction of the late follow-up data 

from the pre-therapy T1-weighted scan demonstrates a decrease in superior pharyngeal 

constrictor SI (Figure 2c), likely indicating late scarring and fibrosis. A similar effect was 

observed in the subtraction image between the pre-therapy and early follow-up T2-weighted 

scans; an early increase was seen in superior pharyngeal constrictor T2 SI, reflecting edema 

that developed in the mucosa around the superior pharyngeal constrictor (Figure 2f).

Linear RPA revealed that 62.25 Gy represented a “cutoff” value that was associated with 

alteration in the normalized T1 SI for the superior pharyngeal constrictor in the last follow-

up images (logworth=2.214) with ROC area-under-the-curve (AUC) of 0.707 (95% CI, 

0.58–0.84; asymptotic significance, P=0.003, Figure 3a). Table 2a shows that patients in 

cohort that received mean dose ≥ 62.25 Gy to the superior pharyngeal constrictor were 

associated with significant drop of T1 SI in the follow up scans (P= 0.007, Figure 3b); The 

soft palate also had decreases in the T1 normalized SI at late follow-up for mean doses 

>62.25 Gy; however, no candidate Dmean “cutpoint” met statistical significance on RPA. 

While the first split occurred at a dose of 62.9 Gy, the logworth of 1.27 approximated, but 

failed to reach, the pre-specified statistical significance for the first split (P=0.053). The 

normalized T1 SI did not change significantly in early follow-up images of both structures, 

nor was there a dose-response detectable threshold for early T2 enhancement (P=n.s.).

The normalized T2 SIs, which are detailed in Table 2b, did not demonstrate a dose-response 

relationship, but all patients had significant increases on early follow-up images for both 

VOIs, irrespective of the mean dose received (P<0.0001 for both SPC and SP, Table 2b). At 

last follow-up, the normalized T2 SIs for superior pharyngeal constrictor had returned to 

pre-therapy levels after the initial post-therapy surge (P=0.8, Table 2c), while for the soft 

palate, they showed significant recovery compared to early post-treatment scans (0.70±0.2 

vs. 0.82±0.2, P<0.0001, Table 2b,c) but did not return to initial baseline levels (P<0.0001, 

Table 2c).

The mean linear dose-response relationships for T1-weighted MRI SI changes between the 

baseline and late follow-up images qualitatively show decreases above the 62.25 Gy 

thresholds derived from the linear RPA for both VOIs (Supp. Figure S2a, b). Below 62.25 

Gy, the T1 SI differences were less pronounced. Almost all patients showed increases in T2 

SI, regardless of the dose delivered (Supp. Figure S2c, d).

To generate SI alteration estimates as a function of dose, we obtained an RPA-derived SI 

threshold. Using the aforementioned method, a “threshold” normalized T1 alteration of 0.57 

was noted for the superior pharyngeal constrictors (logworth=1.42) and confirmed using 

post hoc analytics as the primary candidate for Dmean; no other candidates met the pre-

specified criteria. A post hoc bivariate assessment confirmed discrimination, with a Dmean of 
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63.8 Gy (95% CI, 61.6–66.0) for the group < 0.57 threshold compared to 56.7 Gy (95% CI, 

52.2–61.1) for those above 0.57 (Wilcoxon P=0.005). A confirmatory ROC analysis showed 

an AUC of 0.72 (95% CI, 0.54–0.88; asymptotic significance P=0.013, Figure 4a).

Using the defined threshold as a response indicator, the probability of T1 SI alteration at the 

specified level was subjected to non-linear fitting using a sigmoidal fit of the observed data, 

with binning to allow an incidence estimation of T1 SI alteration in 5-Gy bins (Figure 4b). 

The derived maximum likelihood 2-parameter sigmoidal fitting of the actual collected data 

showed acceptable fit quality (observed R2=0.928). Exploratory incidence-adjusted 

bootstrapped normal tissue probability estimates were then generated as serial curve fits 

were performed after 104 resampling procedures. The resultant sigmoidal curves were fit 

independently as a function of the continuous dose in 1-Gy bins (Figure 4). Bootstrapped 

normal tissue complication probability (NTCP) estimates are presented graphically in Figure 

4.

Discussion

Our results show that serial MRI acquisitions enable the identification of both early non-

dose-related and late dose-dependent RT-induced changes in swallowing structures after 

definitive IMRT for NPC. The decrease in late follow-up T1-weighted SI likely 

demonstrates muscle fibrosis that develops over time in patients who receive higher doses, 

particularly over 62.25 Gy to the superior pharyngeal constrictor VOI [21, 22]. The increase 

in early post-RT T2-weighted SI likely represents acute RT-induced edema that subsides 

over time, as suggested by the lack of difference in T2 SI late follow-up images relative to 

the baseline [21, 22].

Our data, in agreement with those of Nomayr et al. [21], showed high SI for soft palate and 

superior pharyngeal constrictor on T2 images in the early follow-up period compared to 

MRI in the pre-treatment period, indicating an acute inflammatory reaction, with edema. No 

significant change in T1 images was found on early post-RT follow-up. This finding could 

be attributed to the injured endothelium, which leads to increased permeability and fluid that 

leaks into the interstitial tissue; resolution occurs once the endothelium has been repaired. 

Both the soft palate and superior pharyngeal constrictor are composed of striated muscle 

covered by mucosa. RT-induced edema commonly occurs in soft tissues such as mucosa; 

however, it is rare in skeletal muscle, which is relatively radioresistant. [35] Therefore, the 

edema on MRI is likely in the mucosa overlying the superior pharyngeal constrictor and soft 

palate.

A study by Manara et al. [36] showed that muscle fibrosis and fatty degeneration after RT 

can be found on histopathological examination. In addition, Khan et al. suggested that direct 

radiation effects and delayed fibrinoid necrosis of the microvasculature in the muscle are 

contributors to the pathogenesis of RT-induced muscle atrophy and fibrosis in rabbit skeletal 

muscle. [35] Our study showed that the decreases in T1-weighted SI between the late 

follow-up MRI and the pretreatment MRI in the superior pharyngeal constrictor were 

associated with a higher mean radiation dose (≥62.25 Gy). The change noted on MRI could 

be attributed to the fibrosis of the skeletal muscle or the mucosa of the superior pharyngeal 
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constrictor [21, 22]. Since no significant change was noted in the structures receiving <62.25 

Gy, it could be a dose threshold that results in fibrosis and subsequent late-onset dysphagia. 

The threshold of 62.25 Gy found in our study correlates with the findings of a study by 

Awan et al [20], in which 62.1 Gy delivered to the superior pharyngeal constrictor was a 

dichotomization point for late RAD due to cranial neuropathies in oropharyngeal cancer 

patients.

Popovtzer et al. demonstrated MRI-detectable anatomical changes in pharyngeal 

constrictors before and 3 months after chemotherapy and RT of the head and neck in 12 

patients. [22] The irradiated constrictors showed increases in T2-weighted MRI SI, 

irrespective of dose. When the pharyngeal constrictors were stratified on the basis of the 

mean dose received, those above 50 Gy still had T2 SI increases, with no changes for those 

receiving less than this value. However, the constrictors receiving >50 Gy showed early 

decreases in T1 SI changes. The authors suggested that these early changes were correlated 

to the late dysfunction of the swallowing muscles. Nevertheless, these potentially 

“dysphagia-predictive” early T1 changes did not manifest in our studied cohort until after 

further prolonged follow-up, likely due to the chronic nature of the fibrotic process.

Our results are limited by the retrospective nature of this study, including variable MRI 

acquisition protocols. In addition, we were not able to examine all desired candidate 

swallowing-related muscles for SI alteration because of the variable extent of the field of 

view in different patients’ scans. Furthermore, although we attempted to extract data 

regarding dysphagia, the retrospective nature of the dataset precluded an analysis of granular 

dysphagia endpoints.

Nonetheless, these data demonstrate that RT dose-dependent alteration in functionally 

important muscle groups can be observed at late time points (>1 year) and suggest that late 

T1 SI changes from the baseline in superior pharyngeal constrictor can serve as a 

quantitative imaging biomarker of the previous RT dose. This, along with other patient, 

disease, and treatment parameters could be incorporated in normal tissue control probability 

(NTCP) models in attempt to improve the prediction of early and late toxicities and provide 

tools for radiation plan optimization and early intervention[37–40]

While we sought to implement robust statistical methods (e.g., non-parametric comparison, 

RPA, and bootstrap resampling techniques), independent confirmation in additional datasets 

is needed to confirm the veracity of our estimates before large-scale clinical implementation. 

Our preliminary results were considered hypothesis-generating findings for a prospective 

study that is currently underway to validate the utility of T1 and T2 SI changes for the 

prediction of RAD; that study uses patient-reported dysphagia questionnaires and changes 

seen on modified barium swallow studies (the gold standard) as objective correlates. With 

further studies, MRI could be used as a tool to evaluate patients after RT and select those at 

risk for chronic or late-RAD. Ideally, a predictive pattern would be ascertained in which 

patients are treated more aggressively with earlier dysphagia therapies if MRI biomarkers 

indicate that they are at high risk for late RAD. In a prospective series, we seek to determine 

whether T1 SI alterations can be linked with subjective or objective measures of dysphagia 

or muscle dysfunction.
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In conclusion, serial MRI acquisitions enable the identification of both early and late 

radiation-induced changes in swallowing structures after definitive IMRT for NPC. Dose-

dependent T1 SI alterations were observed in the superior pharyngeal constrictors on late 

scans, suggesting that quantitative dose-response relationships can be observed in the 

swallowing musculature, most notably at doses in the therapeutic range (i.e., >62.25 Gy). 

Further efforts will seek to elucidate the relationship between dose-dependent muscle SI 

changes and the potential functional alteration of swallowing muscles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
An example patient illustrates the segmentation of the soft palate (anterior) and the superior 

pharyngeal constrictor (posterior) and co-registration process. 1a) Patient T1-weighted 

image at baseline, 1b) T2-weighted image at 3 months after RT, 1c) T1-weighted image at 

29 months after RT. 1d) The radiation dose grid superimposed on the T1-weighted MR 

image. 1e) Co-registration of MRI and planning computed tomography (thermal).
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Figure 2. 
A subtraction image between the pre-RT T1-weighted MRI (2a) and the late follow-up T1-

weighted MRI (2b) shows the outline of the superior pharyngeal constrictor (2c, red arrow), 

demonstrating the fibrosis that developed between the 2 time points. Another subtraction 

image between the pre-RT T2-weighted MRI (2d) and the early follow-up T2-weighted MRI 

(2e) shows the outline of the superior pharyngeal constrictor (2f, blue arrow head), 

demonstrating the edema that developed between the 2 time points.
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Figure 3. 
Dichotomous dose-response assessment. 3a: Confirmatory analysis of the RPA-derived 

dose-threshold; ROC shows split performance for late T1 SI changes in superior pharyngeal 

constrictors above and below 62.25 Gy as an AUC of 0.707 (P=0.003, with H0 denoting 

AUC =0.5). 3b: Bivariate confirmatory analysis shows distributional plots of T1 SI 

alteration for superior pharyngeal constrictors, stratified by doses above and below 62.25 

Gy.
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Figure 4. 
Continuous (non-linear) dose-response characterization of late T1 superior pharyngeal 

constrictor SI alteration from the baseline. 4a) Confirmatory analysis of the RPA-derived T1 

SI change threshold; ROC shows split performance for T1 SI changes of > or <0.57 in the 

superior pharyngeal constrictors, as a function of Dmean, with an AUC of 0.72 (P=0.013, 

with H0 denoting AUC =0.5). 4b) Sigmoidal fit of the observed probability of threshold T1 

SI alteration as function of Dmean to superior pharyngeal constrictor muscles (R2=0.93). 4c) 

Incidence-resampled bootstrap predicted the probability of threshold T1 alteration as a 

function of dose; 104 independently resampled distributions were individually fit using a 

maximum likelihood 2P-sigmoidal function, representing the range of possible dose-

response normal tissue complication probability curves to best approximate a “true 

population incidence.”
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Table 1

Table displays patient demographics (age, sex, and ethnicity) for the 72 patients that were completely 

analyzed. Tumor characteristics included TNM stage and WHO grade. Treatment statistics are shown for RT 

and chemotherapy. Other induction chemotherapy regimens included combinations of cisplatin, carboplatin, 

docetaxel, cetuximab, 5-fluorouracil, etoposide, and paclitaxel. Other concurrent chemotherapy regimens 

included combinations of cisplatin, carboplatin, docetaxel, etoposide, cetuximab, paclitaxel, and erlotinib, 

unique to certain patients.

Characteristic Result

Number of patients 72

Median age at RT completion (SD, range) 52 (12, 20–77)

Sex, n (%)

 Female 15 (21%)

 Male 57 (79%)

Ethnicity, n (%)

 Asian 10 (14%)

 Arabic 2 (3%)

 Black 11 (15%)

 Caucasian 38 (53%)

 Hispanic 10 (14%)

 Unknown 1 (1%)

TNM stage, n (%)

 T1 16 (22%)

 T2 13 (18%)

 T3 12 (17%)

 T4 27 (37%)

 TX 4 (6%)

 N0 11 (15%)

 N1 17 (24%)

 N2 31 (43%)

 N3 8 (11%)

 NX 5 (7%)

 M0 67 (93%)

 M1 5 (7%)

WHO grade, n (%)

 1 7 (10%)

 2 26 (36%)

 2 to 3 6 (8%)

 3 30 (42%)

 Unknown 3 (4%)

Dose (Gy), n (%)

 60 2 (3%)

 66 4 (5%)
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Characteristic Result

 70 66 (91%)

 74 1 (1%)

Fractions, n (%)

 30 2 (3%)

 32 1 (1%)

 33 61 (85 %)

 35 8 (11%)

IMRT, n (%) 72 (100%)

Induction chemotherapy, n (%)

 Yes 49 (68%)

 No 23 (32%)

Type, n (%)

 TPF 14 (28%)

 Cisplatin/docetaxel 10 (20%)

 Carboplatin/docetaxel 6 (12%)

 Carboplatin/paclitaxel 5 (10%)

 TIC 4 (8%)

 Modified TPF 3 (6%)

 Other 7 (14%)

Concurrent chemotherapy, n (%)

 Yes 63 (87%)

 No 9 (13%)

Type, n (%)

 Cisplatin 38 (60%)

 Carboplatin 16 (25%)

 Cisplatin/carboplatin 3 (5%)

 Other 6 (10%)

TPF, docetaxel, cisplatin, fluorouracil; TIC, paclitaxel, ifosfamide, carboplatin.
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Table 2

2a) Normalized T1 SI changes between baseline and late follow-up. 2b) Normalized T2 SI changes between 

baseline and early after RT. 2c) Normalized T2 SI changes between pre-RT and late follow up after RT show 

a return to baseline for the superior pharyngeal constrictor and a partial recovery for the soft palate. There is a 

statistically significant decrease in T2 SI between early post-RT and late post-RT for the soft palate (0.82 ± 

0.2 vs. 0.70±0.2, P<0.0001) *indicates statistical significance (p <0.05)

a.

VOI (#) Average mean dose

Normalized T1 intensity: mean ± SD

pPre-RT Late Post-RT

Superior Pharyngeal Constrictor

 All (72) 62.4 ± 8.7 1.5 ± 0.4 1.4 ± 0.6 0.1

 Mean dose <62.25 Gy (25) 53.1 ± 8.4 1.3 ± 0.4 1.6 ± 0.9 0.2

 Mean dose ≥ 62.25 Gy (47) 67.3 ± 3.1 1.6 ± 0.4 1.3 ± 0.4 0.007*

Soft Palate

 All (72) 66.8 ± 7.3 1.7 ± 0.5 1.7 ± 0.7 0.3

 Mean dose <62.25 Gy (11) 52.8 ± 9.3 1.5 ± 0.3 2.2 ± 1.0 0.2

 Mean dose ≥ 62.25 Gy (61) 69.3 ± 2.6 1.7 ± 0.5 1.6 ± 0.5 0.09

b.

VOI (#) Average mean dose

Normalized T2 intensity: mean ± SD

pPre-RT Early Post-RT

Superior Pharyngeal Constrictor

 All (72) 62.4 ± 8.7 0.48 ± 0.1 0.73 ± 0.2 <0.0001*

 Mean dose <62.25 Gy (25) 53.1 ± 8.4 0.48 ± 0.2 0.71 ± 0.2 <0.0001*

 Mean dose ≥ 62.25 Gy (47) 67.3 ± 3.1 0.48 ± 0.1 0.74 ± 0.2 <0.0001*

Soft Palate

 All (72) 66.8 ± 7.3 0.56 ± 0.1 0.82 ± 0.2 <0.0001*

 Mean dose <62.25 Gy (11) 52.8 ± 9.3 0.53 ± 0.2 0.76 ± 0.1 0.0008*

 Mean dose ≥ 62.25 Gy (61) 69.3 ± 2.6 0.57 ± 0.1 0.83 ± 0.2 <0.0001*

c.

VOI (#)

Normalized T2 intensity: mean ± SD

pPre-RT Late Post-RT

Superior Pharyngeal

Constrictor (72) 0.48 ± 0.1 0.52±0.2 0.8

Soft Palate (72) 0.56 ± 0.1 0.70±0.2 <0.0001*
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