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Radiation-induced carotid artery stenosis and brain necrosis for nasopharyngeal cancer 

 need to be concerned 

 

 

 

 Radiotherapy (IMRT)-induced carotid     

 artery stenosis (CAS) and brain necrosis (BN) 

are  late life-threatening complications that 

can develop after treatment in patients with 

nasopharyngeal carcinoma (NPC). However, 

there are limited data reporting the risk and 

prevention strategies of CAS or BN in patients 

receiving radiotherapy for NPC. 

 

 

 

 

 

 

 

 

 

 

 

  

The aim of this study was to examine the 

incidence and risk factors of radiation-induced 

carotid stenosis in a large real-world database, 

brought to the attention of junior radiation 

oncologists. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We identified a cohort of HNC patients from the 

catastrophic illness patient dataset of Taiwan 

National Health Insurance Research Database 

(NHIRD) using ICD-9 or ICD-10 to investigate the 

incidences of radiotherapy induced carotid artery 

stenosis and brain necrosis as well as its risk 

factors among HNC patients between January 2005 

and December 2018. The cohort of HNC patients 

was identified as an exposure and non-exposure 

group.  Patients who received radiotherapy or did 

not receive radiotherapy were defined as exposure 

or non-exposure group, respectively. Propensity-

score matching analysis was performed with a 1:1 

ratio to reduce baseline difference between the two 

groups. The incidence and hazard ratios were 

quantified using Cox proportional hazards models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Sun Y, Zhou GQ, Qi ZY, Zhang L, et al. Radiation-induced temporal lobe injury after intensity modulated 

radiotherapy in nasopharyngeal carcinoma patients: a dose-volume-outcome analysis. BMC Cancer. 2013 

Aug 27;13:397. 

2. Liu CH, Chang JT, Lee TH, Chang PY, et al. Total plaque score helps to determine follow-up strategy for 

carotid artery stenosis progression in head and neck cancer patients after radiation therapy. PLoS One. 

2021 Feb 12;16(2):e0246684. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Table 2. Comparison of CAS and RIBN risks in radiotherapy and non-radiotherapy groups associated with all covariates 

 

A total of 65,880 HNC patients were included in our study.  Among them, there were 27194 patients who received 

radiotherapy and 38,686 patients who did not receive radiotherapy. After propensity score matching analysis, there 

were 19,964 patients identified as the exposed and non-exposed groups. We found 863 and 965 cases of CAS and 435 

and 359 cases of brain nevrosis in the exposed and non-exposed groups, respectively. The incidence rates of CAS and 

BN were 8.57 and 8.61 cases/1000 person/year, and 4.26 and 3.13 cases/1000 person/year in the exposed and non-

exposed groups, respectively. There was no significantly increased risk of CAS in exposure group compared with the 

non-exposure group (HR=1.05; 95% CI: 0.95-1.16, p=0.329). Patients with HNC who received radiotherapy had a 

significantly increased risk of brain necrosis compared with patients who did not receive radiotherapy (HR=1.29;95% 

CI: 1.11-1.5, p< 0.001) (Table 1). In a multivariate logistic regression model comparing the radiotherapy and non-

radiotherapy groups, male patients aged 20-59 with grade 1 and 2 tumors or  followed-up for   more than 6 years were 

found to be associated with a significantly increased risk of CAS and RIBN (Table 2). 
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Table 1. Risk of Carotid Artery Stenosis and BN associated with radiotherapy and covariates 

Carotid Artery Stenosis 

Variable N PY IR cHR (95% CI) p-value aHR (95% CI) p-value 

Radiotherapy 

No 965 112077.72 8.61 1.00 (reference) - 1.00 (reference) - 

Yes 863 100648.57 8.57 1.03 (0.94, 1.13) 0.525 1.05 (0.95, 1.16) 0.329 

Gender 

female 250 35636.74 7.02 1.00 (reference) - 1.00 (reference) - 

male 1578 177089.55 8.91 1.34 (1.17, 1.53)*** <0.001 1.44 (1.26, 1.65)*** <0.001 

Age, year 

20-59 950 147311.82 6.45 1.00 (reference) - 1.00 (reference) - 

60+ 878 65414.46 13.42 2.13 (1.95, 2.34)*** <0.001 1.66 (1.51, 1.83)*** <0.001 

Mean, (SD) 1.04 (1.04, 1.05)*** <0.001 1.03 (1.03, 1.04)*** <0.001 

Primary site 

Oropharynx 13 1525.20 8.52 1.00 (reference) - 1.00 (reference) - 

Nasopharyneal 181 22256.50 8.13 0.89 (0.51, 1.57) 0.695 1.05 (0.58, 1.90) 0.862 

Hypopharynx 37 4449.10 8.32 0.98 (0.52, 1.84) 0.943 0.94 (0.50, 1.76) 0.836 

Larynx 13 1934.67 6.72 0.85 (0.39, 1.83) 0.671 0.67 (0.31, 1.44) 0.299 

Oral cavity 8 3047.80 2.62 0.29 (0.12, 0.70)** 0.006 0.32 (0.13, 0.78)* 0.012 

Other 1576 179513.01 8.78 0.89 (0.52, 1.54) 0.677 0.85 (0.49, 1.47) 0.561 

Comorbidities 

Hyperlipidemia 694 58765.59 11.81 1.64 (1.49, 1.8)*** <0.001 1.17 (1.06, 1.30)** 0.002 

Cerebrovascular events 35 1887.18 18.55 2.22 (1.59, 3.11)*** <0.001 1.37 (0.98, 1.92) 0.065 

Hypertension 1035 78685.54 13.15 2.31 (2.10, 2.53)*** <0.001 1.71 (1.55, 1.90)*** <0.001 

Coronary artery disease 456 32478.67 14.04 1.87 (1.68, 2.08)*** <0.001 1.12 (0.99, 1.26) 0.070 

Atrial Fibrillation 35 1952.30 17.93 2.28 (1.63, 3.19)*** <0.001 1.26 (0.90, 1.78) 0.177 

myocardial infarction 26 2589.32 10.04 1.36 (0.93, 2.01) 0.116 0.80 (0.53, 1.18) 0.260 

Peripheral artery  
disease 

35 2717.43 12.88 1.57 (1.12, 2.19)** 0.008 1.10 (0.79, 1.54) 0.574 

Smoking 56 7481.59 7.49 0.95 (0.73, 1.24) 0.719 0.97 (0.74, 1.27) 0.838 

The Charlson comorbidity index, CCI  

0-2 1251 157356.67 7.95 1.00 (reference) - 1.00 (reference) - 

3+ 577 55369.61 10.42 1.43 (1.29, 1.58)*** <0.001 1.09 (0.99, 1.21) 0.088 

Tumor Grade 

1 144 24243.78 5.94 1.00 (reference) - 1.00 (reference) - 

2 298 47113.45 6.33 1.09 (0.89, 1.33) 0.390 1.08 (0.88, 1.32) 0.450 

3 88 12068.65 7.29 1.28 (0.98, 1.66) 0.072 1.20 (0.92, 1.58) 0.179 

4 121 15524.15 7.79 1.36 (1.07, 1.73)* 0.012 1.36 (0.98, 1.88) 0.063 

X 1177 113776.25 10.34 1.64 (1.38, 1.95)*** <0.001 1.60 (1.34, 1.91)*** <0.001 

Brain Necrosis (BN) 

Variable N PY IR cHR (95% CI) p-value aHR (95% CI) p-value 

Radiotherapy 

No 359 114571.10 3.13 1.00 (reference) - 1.00 (reference) - 

Yes 435 102141.31 4.26 1.46 (1.27, 1.68)*** <0.001 1.29 (1.11, 1.5)** <0.001 

Gender 

female 124 36211.08 3.42 1.00 (reference) - 1.00 (reference) - 

male 670 180501.34 3.71 1.24 (1.02, 1.50)* 0.028 1.28 (1.06, 1.56)* 0.012 

Age, year 

20-59 503 149255.57 3.37 1.00 (reference) - 1.00 (reference) - 

60+ 291 67456.84 4.31 1.33 (1.15, 1.54)*** <0.001 1.16 (0.99, 1.35) 0.067 

Mean, (SD)       1.02 (1.01, 1.03)*** <0.001 1.01 (1.01, 1.02)** <0.001 

Primary site 

Oropharynx 7 1545.29 4.53 1.00 (reference) - 1.00 (reference) - 

Nasopharyngeal 111 22413.71 4.95 1.05 (0.49, 2.24) 0.909 0.88 (0.39, 2.00) 0.760 

Hypopharynx 18 4470.40 4.03 0.87 (0.36, 2.09) 0.759 0.83 (0.35, 1.99) 0.679 

Larynx 6 1948.32 3.08 0.88 (0.30, 2.63) 0.822 0.73 (0.24, 2.17) 0.565 

Oral cavity 10 3051.79 3.28 0.68 (0.26, 1.78) 0.432 0.77 (0.29, 2.02) 0.591 

Other 642 183282.91 3.50 0.50 (0.24, 1.06) 0.069 0.56 (0.26, 1.18) 0.124 

Comorbidities 

Diabetes 280 60331.79 4.56 1.49 (1.30,1.70)** <0.001 1.16 (1.01, 1.37)** 0.040 

Hyperlipidemia 281 60341.79 4.66 1.51 (1.31, 1.75)** <0.001 1.18 (1.01, 1.39)** 0.041 

Cerebrovascular events 9 1968.25 4.57 1.27 (0.66, 2.44) 0.480 0.93 (0.48, 1.79) 0.822 

Hypertension 395 81100.88 4.87 1.80 (1.57, 2.07)** <0.001 1.60 (1.37, 1.88)** <0.001 

Coronary artery  156 33592.77 4.64 1.37 (1.15, 1.64)** <0.001 0.94 (0.77, 1.14) 0.519 

Atrial Fibrillation 16 2013.67 7.95 2.65 (1.62, 4.35)** <0.001 1.89 (1.14, 3.14)* 0.014 

Myocardiac infarction 10 2635.58 3.79 1.42 (0.76, 2.65) 0.272 1.01 (0.53, 1.92) 0.984 

Peripheral artery disease 14 2793.47 5.01 1.53 (0.90, 2.60) 0.112 1.23 (0.72, 2.09) 0.451 

Smoking 32 7541.60 4.24 1.54 (1.08, 2.20)* 0.017 1.47 (1.03, 2.11)* 0.033 

Table 2. Comparison of CAS and RIBN risks in radiotherapy and non-radiotherapy groups associated 
with all covariates 


