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Purpose: The study aimed to evaluate 1) the correlation of doses of swallowing-related organs at risk (OAR) with severe swallowing-
related late adverse effects (AE) in nasopharyngeal carcinoma (NPC) patients and 2) the effect of high mean doses of OARs on overall
survival (OS).
Patients and Methods: This retrospective cohort study enrolled non-metastatic Stage I–IV NPC patients from January 2012 to June 2017.
OAR mean doses and severe (≥G3) swallowing-related late AE (xerostomia, dysphagia, and lung infection) were evaluated by t-test and
validated using receiver operating characteristic curves. The risk factors of OS were calculated by Cox regression methods.
Results: This study enrolled 185 (43 female, 142male) NPC patients, mean age 52.4 years, primarily with Stage III (93, 50.3%) or Stage IV
(67, 36.2%) disease. The mean doses of pharyngeal constrictor muscle (PCM), superior-middle PCM (SMPCM), and superior PCM
(SPCM) were significantly higher in those with severe (≥G3) lung infection than in those without (65.7 vs 62.2 Gy, p = 0.036; 68.1 vs 64.2
Gy, p = 0.015; and 70.0 vs 65.9 Gy, p = 0.012, respectively). Patients with severe (≥G3) dysphagia had significant higher mean doses of base
of tongue (56.2 vs 50.2 Gy, p = 0.008), laryngeal box (50.6 vs 46.4 Gy, p = 0.036), PCM (65.4 vs 62.1 Gy, p = 0.008), SMPCM (67.1 vs 64.2
Gy, p = 0.014), and SPCM (69.3 vs 65.8 Gy, p = 0.004). Mean SMPCM dose >64.9 Gy (adjusted hazard ratio [aHR] = 3.2, 95% confidence
interval [CI] 1.2–8.8, p = 0.021), age >62 years (aHR = 2.7, 95%CI 1.1–6.9, p = 0.032), N3 status (aHR = 4.0, 95%CI 1.8–9.0, p = 001), and
severe late AE of lung infection (aHR = 4.6, 95% CI 1.5–14.0, p = 0.007) significantly affected OS.
Conclusion: Severe lung infection and dysphagia were associated with significantly higher mean doses of PCM, SMPCM, and
SPCM. Among these OARs, only a high SMPCM mean dose was a risk factor for OS in NPC patients.
Keywords: nasopharyngeal carcinoma, late adverse effect, pneumonia, dysphagia, pharyngeal constrictor muscle, intensity-modulated
radiotherapy

Introduction
The results for treatment of nasopharyngeal carcinoma (NPC) have improved in recent decades.1 In addition to systemic
chemotherapy,2 numerous studies have confirmed the usefulness of intensity-modulated radiotherapy (IMRT).3–6 For
example, the RTOG-0225 trial demonstrated that IMRT could be used in multi-institutional setting with 2-year progres-
sion-free and overall survival (OS) rates of 72.7% and 80.2%, respectively.3 Zhang et al5 in a meta-analysis, found that
IMRT treatment significantly improved both 5-year OS (Odds Ratio [OR] = 1.51; 95% confidence interval [CI] 1.23–1.87;
p<0.05) and local control (OR = 1.94; 95% CI 1.53–2.46; p < 0.05). Furthermore, IMRT could significantly reduce the
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incidence of the swallowing-related late adverse effects (AEs) of trismus and xerostomia, compared to 2D or 3D radio-
therapy treatments (OR = 0.18; 95% CI 0.04–0.83; p<0.05; OR = 0.18; 95% CI 0.07–0.46; p<0.05, respectively). However,
at long-term follow up, patients who received IMRTstill suffer from many kinds of swallowing-related severe late AE such
as malnutrition, dysphagia, xerostomia, trismus and aspiration pneumonia.7,8 Together with other late AEs, these conditions
impair quality of life in such patients.7

A recent study found that the swallowing-related severe late AE of lung infection significantly reduced the OS in
NPC patients (adjusted Hazard Ratio [aHR] 6.3, 95% CI 1.6–24.2, p=0.007).9 Aspiration pneumonia as a late AE after
definitive radiotherapy with or without chemotherapy in head and neck cancer patients (especially NPC and hypophar-
yngeal cancer) were found using population database studies.10−11 Xu et al found that these patients had a significantly
increased rate of aspiration pneumonia (5-year: 23.8% vs 8.7%, p<0.001) and, most importantly, risk of death (HR=1.42,
p<0.001).10 In oropharyngeal cancer patients, it is well documented that these swallowing-related late AE (dysphagia and
pneumonia) are significantly correlated with the dosages of swallowing-related OARs.12–14 However, such findings are
lacking for NPC patients. Also unknown are the cut-off values for which swallowing-related OARs are correlated with
AEs and OS in NPC patients. Therefore, the primary aim of this study was to evaluate whether severe swallowing-related
late AE correlated with the doses of swallowing-related OARs in NPC patients. The secondary aim was to evaluate
whether certain high mean doses of OARs were risk factors in the OS of NPC patients.

Patients and Methods
Ethics
This study was approved by the Institutional Review Board of the Kaohsiung Veterans General Hospital (KSVGH20-
CT5-23) and conducted in accordance with the Declaration of Helsinki. The informed consent was waived by the Board
due to its retrospective design and the use of de-identified data without patient’s personal information.

Patients
This retrospective cohort study included patients with pathologically-proven NPC from January 2012 to June 2017. The
inclusion criteria were Stage I to IV NPC without any distant metastatic disease and total radiotherapy doses >66 Gy. The
exclusion criteria were previous malignant disease or non-standard chemotherapy regimens. The studies used to
determine clinical stage were magnetic resonance imaging (MRI) or computed tomography (CT) scan, physical
examination, chest X-ray, bone scan and liver sonography. The stage group was that defined by American Joint
Committee on Cancer’s (AJCC) Cancer Staging Manual, 7th Edition.15 The treatments consisted of radiotherapy,
concurrent chemoradiotherapy (CCRT), neoadjuvant chemotherapy and/or adjuvant chemotherapy.

Radiotherapy
IMRT was performed for all patients. The immobilization device was a thermoplastic mask combined with localizer
(U-Plast thermoplastic mask, Orfit Industries NV, Wijnegem, Belgium). Image acquisition was done by CT simulator
with 3 mm slice thickness. All treatment plans were calculated using the Eclipse planning system (Varian Medical
System, Palo Alto, CA). During this study period, two different clinical target volumes (CTVs) and CTV dosage
protocols were defined as per those reported in a previous study.9 Subjects were divided into the simultaneously
reduced volume and dose (SRVD) group and the conventional volume and dose (CVD) group. The principles of target
delineation of CTV-1 and CTV-2 in SRVD group were similar to those of the study by Lin et al.16 The principle of
target delineation of CTV-1 in the CVD group was similar to that of the RTOG 0225 study.3

Delineation of Swallowing-Related Structures
Many muscles and structures involved in the function of swallowing also correlate with the late AEs of dysphagia and
aspiration pneumonia.12–14,17,18 This study retrospectively delineated swallowing-related muscles and structures for
analysis. These structures included soft palate (SP), base of tongue (BOT), laryngeal box (LB), pharyngeal constrictor
muscle (PCM), superior-middle PCM (SMPCM), superior PCM (SPCM), middle PCM (MPCM), inferior PCM (IPCM),
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and cricopharyngeal muscle (CPM). Except for the LB,18 the delineation principle of all above organs at risk (OARs) was
based on the Danish Head and Neck Cancer Group consensus19 and the study of Christianen et al.20

Chemotherapy and Salvage Treatments
Chemotherapy was suggested for all patients except those with Stage I disease. For all Stage IV and some Stage III
patients, chemotherapy with either neoadjuvant or adjuvant therapy were suggested as the standard of care. The regimens
of CCRTwere weekly cisplatin of 40 mg/m2 or 80 mg/m2 cisplatin every 3 weeks. The regimens of both neoadjuvant and
adjuvant chemotherapy were 2–3 cycles of 80 mg/m2 cisplatin for one day and 800–1000 mg/m2 5-fluorouracil for 4–5
days every 3 weeks.

Salvage treatments were performed individually depended on the types of recurrence and the patient’s condition.
These included radiotherapy with or without chemotherapy; surgical excision with or without adjuvant radiotherapy; and
chemotherapy with or without target therapy, etc.

Evaluation of Severe Late Adverse Effects (AEs) and Clinical Response
All treatment-related late AEs were recorded using the Common Terminology Criteria for Adverse Events 4.0 system.21

The grading of late AEs was recorded thought-out the follow-up period to the end of study or death of patient. The late
AEs were repeatedly recorded at every outpatient follow-up. In addition, the grading of severe late dysphagia and lung
infection (pneumonia) were double checked with all admission medical records. The time definition of late AEs was the
event happened six months after the completion of treatment.

Clinical response was evaluated by physical examination, nasopharyngeal fiberscope; MRI or CT scan; and Epstein-
Barr virus test 3 months after the completion of radiotherapy or CCRT with or without adjuvant chemotherapy.
Evaluation of disease status using a series of imaging studies was performed annually for five years at least and included
MRI/CT scans, chest X-rays, upper abdominal sonography and whole body bone scan (optional) as well as other images
as deemed appropriate. Nasopharyngeal biopsy was performed in cases with any suspicion of persistent or recurrent
disease. The status of neck residual disease was evaluated by aspiration cytology or excisional biopsy if indicated.
Survival time was defined as the time from the date of radiotherapy initiation to the date of death or last follow-up.

Statistical Analysis
First, this study used t-test to evaluate whether the mean doses of swallowing-related OARs significantly differed
between T or N groups. Second, we used Friedman test to evaluate the differences in mean doses for different PCM sub-
structures (SPCM, MPCM, IPCM and SMPCM). Third, we evaluated the relationship among mean doses of swallowing-
related OARs and swallowing-related severe late AEs by t-test. Fourth, we used the receiver operating characteristic
(ROC) curve method to validate the findings of the above results. Finally, we used Cox proportional hazard models to
evaluate the risk factors for lower OS, including positive OARs correlated with severe late lung infection. A p value of
less than 0.05 was considered as statistically significant. The statistical software used was IBM SPSS version 20 (IBM
Corp., Armonk, NY, USA).

Results
Patient Characteristics
During the study period, 207 patients were diagnosed with NPC. After applying inclusion and exclusion criteria, we
enrolled 185 patients for further analysis. There were 43 female and 142 male patients with a median age of 52.0 years
(mean 52.4 ± 13.7 years, range 18–89 years). The Stage distribution was: 7 in Stage I, 18 in Stage II, 93 in Stage III and
67 in Stage IV. The patient and treatment characteristics are listed in Table 1. Patients with Stage I disease received
radiotherapy treatment only. For Stage II to IV patients, 97.2% (173/178) received CCRT with or without induction and/
or adjuvant chemotherapy. The mean doses of planning target volume (PTV) −1, PTV-2 and PTV-3 were 71.0 Gy, 58.2
Gy and 52.3 Gy, respectively (Table 1).
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The Doses of Various Swallowing-Related Muscles and Structures
The mean doses of SP, BOT, LB, PCM, SMPCM, SPCM, MPCM, IPCM and CPM were 65.3 Gy, 50.6 Gy, 46.7 Gy, 62.3
Gy, 64.4 Gy, 66.1 Gy, 58.6 Gy, 52.7 Gy and 48.8 Gy, respectively (Table 2). For the PCM sub-structures, the mean doses
of SMPCM (64.4 Gy), SPCM (66.1 Gy), MPCM (58.6 Gy) and IPCM (52.7 Gy) were significantly different (p=0.000)
from each other. The PCM sub-structures nearest the primary nasopharyngeal tumor received significantly higher doses
than those distal to the primary tumor site.

Among various swallowing-related OARs, only the SP mean dose differed significantly between T stage groups (63.8
Gy for T1-2 vs 66.1 Gy for T3-4, p=0.005). For all evaluated OARs, N2-3 patients had significantly higher mean doses of
swallowing-related OARs than N0-1 patients (Table 3). The mean doses of all OARs did not differ significantly between
Stage I–II patients and Stage III–IV patients.

Severe Swallowing-Related Late AEs vs Mean Doses of Swallowing-Related Organs at
Risk
Table 4 lists the correlations between different mean doses of OARs and the groups with or without severe swallowing-
related late AEs. The mean doses of PCM, SMPCM and SPCM were significantly higher in patients with severe (≥ G3)
lung infection than in those without lung infection (65.7 vs 62.2 Gy, p=0.036; 68.1 vs 64.2 Gy, p=0.015; 70.0 vs 65.9 Gy,
p=0.012, respectively). Patients with severe (≥ G3) dysphagia had significant higher mean doses of BOT (56.2 vs 50.2
Gy, p=0.008), LB (50.6 vs 46.4 Gy, p=0.036), PCM (65.4 vs 62.1 Gy, p=0.008), SMPCM (67.1 vs 64.2 Gy, p=0.014) and
SPCM (69.3 vs 65.8 Gy, p=0.004) than patients who did not have severe dysphagia. However, the mean doses of OARs
did not differ significantly between those with or without severe (≥ G3) xerostomia. ROC curve analysis validated the
above findings (Figure 1). For ≥ G3 lung infections, the area under the curve (AUC) of PCM, SMPCM and SPCM mean
doses were 0.734 (95% CI 0.52–0.94, p=0.036), 0.741 (95% CI 0.54–0.94, p=0.031) and 0.763 (95% CI 0.56–0.96,
p=0.018), respectively (Figure 1A). For ≥ G3 dysphagia, the AUC of the mean doses of PCM, SMPCM, SPCM, BOT

Table 1 Patient and Treatment Characteristics (n =185)

Variables Number Mean (Median ± SD)

Female/male 43/142
Age (y/o) 52.4 (52.0 ± 13.7)

T Stage*

T1/T2 42/24
T3/4 81/38

N Stage*

N0/1 16/41
N2/N3 87/41

Stage*
I/II 7/18

III/IV 93/67

RT alone/CCRT±IC±AC 12/173
MRI/CT 172/13

PTV-1 dose (Gy) 71.0 (70.0 ± 1.2)

PTV-1 fractions 35.4(35.0 ± 0.8)
PTV-2 dose (Gy) 58.2 (56.0 ± 3.1)

PTV-2 fractions 30.4 (28.0 ± 3.3)

PTV-3 dose (Gy) 52.3 (50.4 ± 3.2)
PTV-3 fractions 30.4 (28.0 ± 3.3)

Follow-up (months) 41.7 (44.0 ± 18.6)

Note: *AJCC Cancer Staging Manual, 7th Edition.
Abbreviations: RT, radiotherapy; CCRT, concurrent chemoradiotherapy; IC, induction chemotherapy; AC, adjuvant chemother-
apy; MRI, magnetic resonance imaging; CT, computerized tomography; PTV-1, planning target volume of CTV-1; PTV-2, planning
target volume of CTV-2; PTV-3, planning target volume of CTV-3.
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and LB were 0.721 (95% CI 0.58–0.86, p=0.008), 0.685 (95% CI 0.54–0.83, p=0.026), 0.731 (95% CI 0.60–0.86,
p=0.005), 0.725 (95% CI 0.59–0.86, p=0.007) and 0.686 (95% CI 0.56–0.82, p=0.025), respectively (Figure 1B).

Risk Factors Affecting Overall Survival
The median follow-up time for this study population was 44.0 months (mean 41.7 ± 18.6 months). The OS rate of the
whole population was 83.5% (24 deaths within the follow-up period). Cox regression analysis showed that SMPCM
mean dose higher than 64.9 Gy (aHR 3.2, 95% CI 1.2–8.8, p=0.021) was a predictor of low OS (Table 5). In addition,
older age (>62 years, aHR 2.7, 95% CI 1.1–6.9, p=0.032), N3 status (aHR 4.0, 95% CI 1.8–9.0, p=0.001) and severe (≥
G3) lung infection (aHR 4.6, 95% CI 1.5–14.0, p=0.007) were also prognostic factors for poor OS (Table 5).

Discussion
IMRT with or without chemotherapy is the standard of care for patients with non-metastatic NPC.2,5,6 Compared to
conventional (2D/3D) radiotherapy, IMRT can significantly improve survival1,4,5 and reduce the severity of late effects.4,5,22

However, long-term follow-up studies found that survivors treated with IMRT suffer from many late AEs.7,23 Addressing this
issue, researchers have tried to decrease the elective CTV volume or dose to reduce the severity of AEs.9,16,24,25 A recent
report on the results of SRVD compared to conventional CTV volume and dose found that SRVD treatment could significantly
reduce the ratio of severe (≥ G3) late xerostomia, dysphagia and lung infection.9 Furthermore, it improved the OS by reducing
the severe late AE of lung infection (aHR=6.3, 95% CI 1.6–24.2, p=0.007), although it did not improve disease control.
Previous studies also found this negative impact on survival caused by severe lung infection after radiotherapy or CCRT.10,11

For example, Xu et al analyzed 3513 head and neck cancer patients who received CCRT, using the SEER-Medicare database.
They reported a significantly higher incidence of aspiration pneumonia in these patients than in control populations (5-year
rates 23.8% vs 8.7%, respectively, p<0.001).10 Among all head and neck malignant diseases, the diagnosis of NPC was one of
the independent risk factors correlated with this event. Most importantly, this AE was associated with a significantly higher
risk of death (42% increase, HR 1.42, p<0.001). Another population-based study documented a 5.5% incidence of late-onset
pneumonia in NPC patients. After the diagnosis of late-onset pneumonia, 30% (64/210) died within 2 months.11 Hence, if we
could identify which factor(s) cause this severe late AE of lung infection in NPC patients, we could devise a strategy to reduce
its occurrence.

Table 2 The Volume and Mean Doses of Swallowing Related Structures (n =185)

Variable Mean (Median ± SD) Range Quartile (25%, 50%, 75%)

SP volume (mL) 4.4 (4.7± 1.8) 1.7 ~ 13.9 3.5, 4.4, 5.5
SP dose (Gy) 65.3 (65.8 ± 5.3) 52.8 ~ 74.8 61.9, 65.8, 69.6

BOT volume (mL) 18.3 (17.3 ± 6.3) 7.6 ~ 43.5 13.4, 17.3, 22.8

BOT dose (Gy) 50.6 (50.0 ± 7.8) 34.0 ~ 68.8 44.8, 50.0, 56.9
LB volume (mL) 21.5 (22.6 ± 5.9) 10.2 ~ 34.0 16.5, 22.6, 26.1

LB dose (Gy) 46.7 (46.4 ± 7.0) 12.2 ~ 63.9 41.7, 46.4, 52.0

PCM volume (mL) 16.1 (16.3 ± 3.9) 7.8 ~ 26.7 13.4, 16.3, 18.9
PCM dose (Gy) 62.3 (62.9 ± 4.4) 47.5 ~ 71.3 59.2, 62.9, 65.8

SMPCM volume (mL) 13.1 (12.9 ± 3.3) 5.8 ~ 21.9 10.8, 12.9, 15.3
SMPCM dose (Gy) 64.4 (64.9 ± 4.2) 50.6 ~ 74.4 61.6, 64.9, 67.3

SPCM volume (mL) 9.7 (9.5 ± 2.5) 4.6 ~ 17.3 7.9, 9.5, 11.3

SPCM dose (Gy) 66.1 (66.9 ± 4.2) 51.6 ~ 76.2 63.3, 66.9, 69.1
MPCM volume (mL) 3.1 (2.6 ± 1.9) 0.3 ~ 9.7 1.6, 2.6, 4.1

MPCM dose (Gy) 58.6 (58.8 ± 6.1) 37.7 ~ 71.3 54.9, 58.8, 62.9

IPCM volume (mL) 2.6 (2.5 ± 1.2) 0.3 ~ 6.4 1.7, 2.5, 3.4
IPCM dose (Gy) 52.7 (52.6 ± 6.3) 11.6 ~ 67.9 48.9, 52.6, 57.1

CPM volume (mL) 1.8 (1.8 ± 0.7) 0.5 ~ 8.2 1.3, 1.8, 2.2

CPM dose (Gy) 48.8 (49.0 ± 7.2) 14.1 ~ 64.9 43.9, 49.0, 53.9

Abbreviations: SP, soft palate; BOT, base of tongue; LB, laryngeal box; PCM, pharyngeal constrictor muscle; SMPCM, superior-middle pharyngeal constrictor muscle;
SPCM, superior pharyngeal constrictor muscle; MPCM, middle pharyngeal constrictor muscle; IPCM, inferior pharyngeal constrictor muscle; CPM, cricopharyngeal muscle.
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Table 3 The Correlation Between Disease Status and Mean Doses of Swallowing Related Structures (n =185)

T p N p Stage p

T1-2 (66) (Gy) T3-4 (119) (Gy) N0-1 (57) (Gy) N2-3 (128) (Gy) I–II (25) (Gy) III–IV (160) (Gy)

SP 63.8 66.1 0.005 64.0 65.9 0.028 64.2 65.5 NS

BOT 50.9 50.2 NS 46.8 52.3 0.000 49.3 50.8 NS

LB 47.0 46.5 NS 43.9 47.9 0.000 45.9 46.8 NS
PCM 61.7 62.6 NS 59.9 63.4 0.000 61.0 62.5 NS

SMPCM 63.9 64.6 NS 62.4 65.2 0.000 63.8 64.5 NS

SPCM 65.3 66.5 NS 63.5 67.3 0.000 65.2 66.2 NS
MPCM 58.9 58.4 NS 55.8 59.8 0.000 58.0 58.7 NS

IPCM 52.8 52.7 NS 49.6 54.1 0.000 51.5 52.9 NS

CPM 48.9 48.8 NS 46.4 49.9 0.002 48.2 48.9 NS

Abbreviations: SP, soft palate; BOT, base of tongue; LB, laryngeal box; PCM, pharyngeal constrictor muscle; SMPCM, superior-middle pharyngeal constrictor muscle; SPCM, superior pharyngeal constrictor muscle; MPCM, middle
pharyngeal constrictor muscle; IPCM, inferior pharyngeal constrictor muscle; CPM, cricopharyngeal muscle.
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As early as 2004, Eisbruch et al found that the radiation damage to the pharyngeal constrictors, glottis and
supraglottic larynx caused dysphagia and aspiration after radiotherapy combined with gemcitabine CRT in head and
neck cancer patients (not including NPC patients).12 They suggested reducing the V50 of dysphagia and aspiration-
related structures as a planning and evaluation goal. Levendag et al reviewed 81 patients receiving treatment for
oropharyngeal cancer and concluded that every additional 10 Gy added to the mean dose of the superior constrictor
muscle (51 Gy) and the middle constrictor muscle (48 Gy) increased the probability of dysphagia 19%.13 Hutchison et al
analyzed 53 oropharyngeal cancer patients who received radiotherapy with or without chemotherapy.26 They found a
significant correlation between moderate-severe physiological swallowing impairment and doses of > 40 Gy to the
extended oral cavity, 50 Gy to the supraglottic/glottic larynx and 60 Gy to the pharyngeal constrictor muscle. As above,
many studies have found a significant correlation between a higher dose of swallowing-related OARs and the incidence
of post-irradiation dysphagia or aspiration pneumonia.12–14,17,18,25 Petkar et al conduct the first Phase III clinical trial
(ISRCTN25458988) that included oropharyngeal and hypopharyngeal cancer patients to validate the role of dysphagia-
optimized IMRT.27 However, these studies did not include patients with NPC. The treatment fields and high dose regions
differ among NPC, oropharyngeal cancer and other head and neck malignant diseases.3,6 Hence, different conclusions
may be drawn on the impact of OARs on the swallowing-related AEs from studies including NPC or oropharyngeal
cancer patients. To our best knowledge, this study is the first designed to disclose whether swallowing-related OARs and

Table 4 The Correlation Between Severe Swallowing Related Adverse Effects and Mean Doses of Swallowing Related Structures
(n=185)

Lung Infection* Dysphagia* Xerostomia*

< G3 (178) ≥ G3 (7) < G3 (172) ≥ G3 (13) < G3 (160) ≥ G3 (25)

SP (Gy±SD) 65.2±5.3 67.2±4.4 65.2±5.4 67.3±4.2 65.0±5.4 67.0±4.3

p-value NS NS NS

BOT (Gy±SD) 50.5±7.8 54.0±7.9 50.2±7.8 56.2±7.1 50.5±7.4 51.8±9.9

p-value NS 0.008 NS

LB (Gy±SD) 46.6±7.0 48.5±5.4 46.4±7.0 50.6±5.5 46.3±6.8 48.9±7.9

p-value NS 0.036 NS

PCM (Gy±SD) 62.2±4.3 65.7±4.4 62.1±4.4 65.4±3.5 62.2±4.5 63.0±3.8

p-value 0.036 0.008 NS

SMPCM (Gy±SD) 64.2±4.1 68.1±4.5 64.2±4.2 67.1±3.8 64.3±4.3 64.8±3.3

p-value 0.015 0.014 NS

SPCM (Gy±SD) 65.9±4.1 70.0±4.7 65.8±4.2 69.3±3.6 65.9±4.3 67.0±3.6

p-value 0.012 0.004 NS

MPCM (Gy±SD) 58.4±6.1 62.8±4.3 58.4±6.1 61.4±4.7 58.6±6.0 58.4±6.3

p-value NS NS NS

IPCM (Gy±SD) 52.7±6.4 53.6±5.8 52.6±6.4 54.7±4.8 52.6±6.4 53.6±5.8

p-value NS NS NS

CPM (Gy±SD) 48.7±7.2 51.6±4.9 48.6±7.3 52.2±5.1 48.7±7.3 49.7±6.5

p-value NS NS NS

Note: *According to CTCAE 4th edition.
Abbreviations: SP, soft palate; BOT, base of tongue; LB, laryngeal box; PCM, pharyngeal constrictor muscle; SMPCM, superior-middle pharyngeal constrictor muscle;
SPCM, superior pharyngeal constrictor muscle; MPCM, middle pharyngeal constrictor muscle; IPCM, inferior pharyngeal constrictor muscle; CPM, cricopharyngeal muscle.
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their doses correlate with severe late dysphagia and pneumonia in NPC patients. Among various OARs, the mean doses
of BOT, LB, PCM, SMPCM and SPCM were significantly higher in patients with ≥ G3 dysphagia than those patients
without G3 dysphasia (56.2 vs 50.2 Gy, p=0.008; 50.6 vs 46.4 Gy, p=0.036; 65.4 vs 62.1 Gy, p=0.008; 67.1 vs 64.2 Gy,
p=0.014; and 69.3 vs 65.8 Gy, p=0.004; respectively) (Table 4). As for patients with ≥ G3 lung infection, the mean doses
of PCM, SMPCM and SPCM were significantly higher than in patients without this severe late AE (65.7 Gy vs 62.2 Gy,
p=0.036; 68.1 Gy vs 64.2 Gy, p=0.015; 70.0 Gy vs 65.9 Gy, p=0.012; respectively) (Table 4). Not like severe dysphagia,
the mean doses of BOT and LB did not reach significant differences between with or without severe late lung infection
groups. The above findings were also confirmed by ROC analysis (Figure 1). When patient needed nutritional support
and/or rehabilitation of swallow, our multidisciplinary team would take their professional action for them. As expected,
the severity of xerostomia did not correlated with any mean doses of OARs. It is well documented that the incidence of
xerostomia is correlated with the dosage of parotid glands.28,29 Although the dosage levels differed, our findings of a
correlation of higher mean doses of PCM, SMPCM and SPCM with dysphagia and lung infection are compatible with

Figure 1 ROC curve analysis of correlations between severe late AEs and mean doses of OARs. (A) For severe late lung infection, the AUC of mean doses of PCM, SPCM
and SMPCM were 0.734, 0.763 and 0.741, respectively. (B) For severe late dysphagia, the AUC of mean doses of PCM, SMPCM, SPCM, BOT and laryngeal box were 0.721,
0.685, 0.731, 0.725 and 0.686, respectively.

Table 5 Prognostic Factors of Overall Mortality Evaluated by Cox Regression (n=185)

Variables Full Model Stepwise

aHR 95% CI P value aHR 95% CI P value

Age (yrs) > 62 3.4 1.3–9.3 0.015 2.7 1.1–6.9 0.032
Male 1.0 0.4–2.6 0.192

T4* 1.0 0.7–5.7 0.995

N3* 3.8 1.7–9.0 0.002 4.0 1.8–9.0 0.001
RT time > 55 days 2.6 1.1–6.3 0.037

Lung infection ≥ G3† 3.6 1.1–11.4 0.032 4.6 1.5–14.0 0.007

PCM > 62.9 Gy 0.6 0.2–2.0 0.397
SMPCM > 64.9 Gy 4.3 1.0–18.5 0.048 3.2 1.2–8.8 0.021

SPCM > 66.9 Gy 1.3 0.4–4.5 0.710

Notes: *According to 7th AJCC staging system; †According to CTCAE 4th edition.
Abbreviations: aHR, adjusted hazard Ratio; CI, Confidence interval; PCM, pharyngeal constrictor muscle; SMPCM, superior-middle pharyngeal constrictor muscle; SPCM,
superior pharyngeal constrictor muscle.
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those from studies analyzing patients with oropharyngeal cancer.12–14,17,26 However, we did not find that other OAR
structures (such as soft palate, IPCM or CPM) were associated with severe late dysphagia or lung infection in NPC
patients. Bhide et al demonstrated that the doses of sub-structures of the pharyngeal constrictor muscles differed
significantly by different types of head and neck cancer.30 So, it is reasonable that our finding of significant structures
and its dosages (Table 4) were different from previous studies contributed by diseases other than NPC. Among different
groupings of patients by T-, N- and Stage, only higher N-status (N2-3 vs N0-1) was significantly correlated with all mean
doses of OARs (Table 3). Hence, for NPC patients, we should pay attention to protect these OARs, especially PCM/
SMPCM/SPCM in N2-3 patients.

A recent study found that severe dysphagia did not significantly impair survival, but severe late lung infection did.9

Hence, we included those OARs correlation with severe lung infection (PCM, SMPCM and SPCM, Table 4) for Cox
regression model calculation. Among these three sub-structures of pharyngeal muscles, only SMPCM > 64.9 Gy (50%
quartile) was a risk factor influencing OS (aHR 3.2, 95% CI 1.2–8.8, p=0.021, Table 5). The SMPCM mean dose was not
just correlated with the incidence of severe late lung infection; it also affected OS. Besides SMPCM mean dose, the
severe late AE of ≥ G3 lung infection (aHR 4.6, p=0.007), N3 status (aHR 4.0, p=0.001) and older age (> 62 years, 75%
quartile) (aHR 2.7, p=0.032) significant impaired OS in NPC patients (Table 5). It is well documented that above three
risk factors (≥ G3 lung infection, N3 and older age) significantly impair the survival of NPC patients.1,2,9–11,31–33

Clinically, we cannot alter the patient’s characteristics such as N status or age. However, if we could reduce the incidence
of severe lung infection (pneumonia), it is highly possible that we could improve the survival of NPC patients. For this
purpose, setting a dose constraint of SMPCM, such as less than 64.9 Gy (Table 5), is warranted.

The limitations of this study were stated as follows. The retrospective nature of the study may have introduced
selection bias. Not routinely evaluated the status of dysphagia prior to treatment and during the follow-up period by
video-fluoroscopy or other objective methods may underrate the incidence of dysphagia. Lastly, the median follow-up
time of 44.0 months may have led us to underestimate the incidence of severe late AEs.

Conclusions
Among various swallowing-related OARs, higher mean doses of PCM, SMPCM and SPCM were significantly correlated
with the incidence of the severe late AEs of lung infection and dysphagia in NPC patients treated by the IMRT. In
addition to older age, N3 disease and severe late lung infection, higher SMPCM mean dose significantly impaired the
survival of NPC patients. Limiting the mean dose of SMPCM is warranted, if possible, for reduction of the incidence of
severe lung infections and potentially may increase survival in this population.

Abbreviations
NPC, nasopharyngeal carcinoma; IMRT, intensity-modulated radiotherapy; AE, adverse effect; OAR, organs at risk; OS,
overall survival; aHR, adjusted Hazard Ratio; PCM, pharyngeal constrictor muscle; SPCM, superior pharyngeal
constrictor muscle; MPCM, middle pharyngeal constrictor muscle; IPCM, inferior pharyngeal constrictor muscle;
SMPCM, superior-middle pharyngeal constrictor muscle; CPCM, cricopharyngeal constrictor muscle; SP, soft palate;
BOT, base of tongue; LB, laryngeal box; CCRT, Concurrent chemoradiotherapy.
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