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Summary

Purpose: To investigate the efficacy of chemoradiotherapy 
combined with bevacizumab in patients with nasopharyn-
geal carcinoma and its clinical value in the cognitive func-
tion and radiation-induced brain injury.

Methods: A total of 80 patients with nasopharyngeal car-
cinoma treated in our hospital from March 2013 to October 
2015 were selected and randomly divided into the control 
group (n=40) and the observation group (n=40). Patients 
in the control group were treated with three-dimensional 
conformal radiotherapy and regular chemotherapy, while 
patients in the observation group were treated with bevaci-
zumab. Progression-free survival (PFS) and median survival 
(MS), the therapeutic effect, the levels of vascular endothe-
lium-related indexes, S-100B protein and neuron-specific 
enolase (NSE), the changes in subjective evaluation criteria 
for cognitive function, the changes in auditory event-related 
potential P300 amplitude and latency, and the changes in 
neurological score during treatments were compared.

Results: In the observation group, both PFS and MS were 
longer than those in the control group (p<0.05); meanwhile, 
the overall effective rate of treatment was significantly higher 

(p<0.05). In addition, S-100B protein and NSE levels in the 
observation group 6 months after treatments were obviously 
lower than those in control group. At 3 and 6 months after 
treatments, the cognitive function score in the observation 
group was obviously higher compared to the control group. 
The auditory event-related potential P300 amplitude in ob-
servation group was lower than that in control group, while 
the latency was longer compared to the control group. At 3 
and 6 months after treatments, the neurological score in ob-
servation group was remarkably higher than that in control 
group (p<0.05).

Conclusions: The combined application of bevacizumab 
for patients with nasopharyngeal carcinoma after chemo-
radiotherapy can significantly prolong the survival time of 
patients, improve the clinical therapeutic effect and the cog-
nitive function of patients, and reduce the incidence rate of 
radiation-induced brain injury.
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Introduction

 Nasopharyngeal carcinoma is a frequently-oc-
curring tumor in the southern provinces in China. 
Previous studies have proved that the pathogenesis 
of nasopharyngeal carcinoma is related to factors 
such as environment and genetics, and Epstein-

Barr virus infection is considered as an independ-
ent risk factor for the occurrence and development 
of this disease [1]. Nasopharyngeal carcinoma is a 
malignant tumor with moderate and higher sen-
sitivity to radiotherapy, and it seriously threatens 
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the physical and mental health of people [2], while 
its treatment is dominated by radiotherapy, espe-
cially for patients with locally middle-advanced 
nasopharyngeal carcinoma [3]. Chemotherapy can 
be combined when necessary to improve the clini-
cal therapeutic effect, but large-dose chemoradio-
therapy, in addition to treating the disease and kill-
ing the malignant tumor cells, will inevitably kill 
normal cells [4,5].
 Radiation-induced brain injury is a major com-
plication after radiotherapy for nasopharyngeal 
carcinoma. It is a severe condition and difficult to 
treat and its prognosis is poor [6]. Therefore, radio-
therapy will lead to an even devastating situation 
on the prognosis of patients once radiation-induced 
brain injury occurs. Bevacizumab is a currently 
commonly used monoclonal antibody and widely 
recognized as a biological agent inhibiting the 
vascular endothelial growth factor receptor [7]. 
Previous studies have demonstrated that bevaci-
zumab has shown good clinical in the treatment of 
radiation-induced brain injury. However, whether 
bevacizumab has value in the treatment of cogni-
tive dysfunction caused by radiation-induced brain 
injury deserves further clinical investigation. In 
this study, radiation-induced brain injury in naso-
pharyngeal carcinoma patients was treated with 
bevacizumab and the results are cited below.

Methods 

General data

 A total of 80 patients with nasopharyngeal carci-
noma treated in our hospital from March 2013 to Octo-
ber 2015 were selected. All patients were preliminarily 
diagnosed via preoperative imaging examination and 
definitely diagnosed via pathological biopsy. All of them 
signed informed consent before enrollment. This study 
was approved by the Ethics Committee of Weifang Peo-
ple’s hospital. The longest follow-up period in this study 
was 5 years, and survival time more than 5 years indi-
cated clinical cure.
 Patients with malignant tumors in other sites, car-
diopulmonary or hepatic-renal insufficiency, allergic 
to the drug to be used, systemic immune dysfunction 
complicated with endocrine-related diseases, distant me-
tastasis of nasopharyngeal carcinoma, hearing impair-
ment, mental disorders, language impairment or tumor 
cachexia before enrollment, or complicated with nervous 
system ischemic or hemorrhagic stroke in the past were 
excluded. 
 The patients enrolled were divided into the control 
group (n=40) and the observation group (n=40) using a 
random number table. In the observation group, there 
were 26 males and 14 females aged 18-55 years with 
an average of 40.5±1.1 years. There were 18 cases in 
stage II, 19 cases in stage III and 3 cases in stage IV 
according to the American Joint Committee on Cancer 

(AJCC). At enrollment, the plasma S-100B protein level 
was 0.3±0.1 ng/mL, the neuron-specific enolase (NSE) 
level was 8.1±0.5 ng/mL, the auditory event-related po-
tential P300 amplitude was 9.0±0.5 μV, and the latency 
was 398.6±13.7 ms. 
 In the control group, there were 25 males and 15 
females aged 18-55 years with an average of 40.6±1.1 
years. There were 19 cases in stage II, 19 cases in stage 
III and 2 cases in stage IV according to AJCC. At en-
rollment, the plasma S-100B protein level was 0.3±0.1 
ng/mL, the NSE level was 8.0±0.5 ng/mL, the auditory 
event-related potential P300 amplitude was 9.1±0.5 μV, 
and the latency was 398.7±13.8 ms. There were no statis-
tically significant differences in the gender, age, duration 
of nasopharyngeal carcinoma, AJCC tumor stage, plasma 
S-100B protein, NSE, auditory event-related potential 
P300 amplitude and latency between the two groups 
(p>0.05).

Methods 

 The patients in the control group were treated with 
three-dimensional conformal radiotherapy. The patients 
were fixed with thermoplastic body model made accord-
ing to the condition of lesion, followed by multi-slice 
spiral CT scanning and positioning. The target region 
was delineated in the lesion using the three-dimensional 
conformal radiotherapy system. The total dose of radio-
therapy was 50 Gy in 95% planning target volume (PTV) 
(2 Gy/time) for 5 times a week. Gemcitabine-cisplatin 
(GP) chemotherapy was administered: Gemcitabine 
(1000 mg/m2, NMPN H20030105, Jiangsu Hanson Phar-
maceutical Co., Ltd., Nanjing, China) was intravenously 
administered on days 1 and 8, and cisplatin (25 mg/m2, 
NMPN H22022966, Tonghua Maoxiang Pharmaceutical 
Co., Ltd., Tonghua, China) was intravenously adminis-
tered on days 1 and 3. Chemotherapy was repeated once 
every 4 weeks, and 3 courses of treatment were consid-
ered as 1 treatment cycle. Nutritional support was given 
to all patients during treatment, and the patients with 
neurological dysfunction were treated with neurotroph-
ic drugs, hormones, hyperbaric oxygen and functional 
exercise.
 The patients in the observation group were treat-
ed with bevacizumab (5 mg/kg, approval No. registra-
tion No.: S20120068, Roche, Basel, Switzerland) via 
intravenous injection once every 14 days till disease 
progression.

Observation indexes

 The survival-related indexes after treatments in-
cluding progression-free survival (PFS) and overall sur-
vival (OS), the levels of vascular endothelium-related 
indexes before and after treatments, the cognitive func-
tion-related biochemical indexes at 6 months after treat-
ments including S-100B protein and NSE, the changes 
in subjective evaluation criteria for cognitive function 
before treatments and at 3 and 6 months after treat-
ments, the changes in auditory event-related potential 
P300 amplitude and latency at 6 months after treatments 
and the changes in neurological score during treatments 
were compared between the two groups.
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Evaluation criteria 

 The evaluation criteria for the clinical therapeu-
tic effect were as follows: complete remission (CR): The 
lesion completely disappeared in the imaging studies 
after treatment for 28 days and above. Partial remis-
sion (PR): The maximum diameter of the lesion was re-
duced by more than 50% in the imaging studies after 
treatment for 28 days and above. Stable disease (SD): 
The maximum diameter of lesion was reduced by 25-
50% in the imaging studies after treatment, and there 
were no new lesions in the reexamination within 28 
days. Progression: The maximum diameter of the lesion 
was increased by more than 25% in the imaging stud-
ies after treatment, or there were new lesions. Effective 
rate (%) = (cases of CR +cases of PR + cases of SD)/total 
cases×100%. The vascular endothelium-related indexes 
included mainly endothelin-1 (ET-1, detected via ra-
dioimmunoassay, normal value: 43.50-58.38 ng/L) and 
nitric oxide [NO, detected via enzyme-linked immuno-
sorbent assay (ELISA), normal value: 13.8-34.6 μmol/L]. 
The cognitive function-related biochemical indexes 
included plasma S-100B protein (detected via ELISA, 
normal value: <0.5 μg/L) and NSE (detected via ELISA, 
normal value: <12.5 μg/L). The subjective evaluation of 
cognitive function was based on the mini-mental state 
examination (MMSE): 30 questions in 7 items with a 
total score 0-30 points. Score below 27 points indicated 
cognitive dysfunction, and the score was positively pro-
portional to the cognitive function of patients. The ob-
jective evaluation of cognitive function was performed 
via the auditory event-related potential using the UK 
OXPORD evoked potential machine: The ‘’auditory tar-
get/non-target stimulus’’ was given, and the stimulus 
intensity was set as 110 DB, filter bandwidth as 1-50 Hz, 
and multiplicity of target stimulus as 30 times. The P300 
amplitude and latency in target stimulus were recorded 
in detail. The neurological function was evaluated using 
the European Stroke Scale (ESS), a total of 14 items with 
a total score of 0-100 points. The score was positively 
proportional to the neurological function of objects. 

Statistics

 SPSS 20.0 software (IBM, Armonk, NY, USA) was 
used for statistical processing. Measurement data were 
expressed as mean±standard deviation (x±s). T-test was 
used for the comparison of means between two groups, 
and chi-square test was used for the comparison of rates 
between two groups. P<0.05 suggested that the differ-
ence was statistically significant.

Results

Comparison of survival time-related indexes between 
the two groups after intervention

 In the observation group, both PFS and MS 
were longer than those in the control group 
(p<0.05) (Table 1).

Comparison of the therapeutic effect between the two 
groups

 The overall effective rate of treatment in the 
observation group was significantly higher than 
that in the control group (p<0.05) (Table 2).

Comparison of vascular endothelium-related indexes 
between the two groups before and after intervention 

 There were no statistically significant differ-
ences in the levels of vascular endothelium-related 
indexes (ET-1 and NO) between the two groups 
before intervention (p>0.05). After intervention in 
both groups, the ET-1 level was lower than that 
before intervention (p<0.05), while the NO level 
was higher than that before intervention (p<0.05). 
In the observation group, the ET-1 level after inter-
vention was lower than that in the control group 
after intervention (p<0.05), while the NO level was 
higher than that in the control group after interven-
tion (p<0.05) (Table 3).

Comparison of cognitive function-related biochemi-
cal indexes between the two groups at 6 months after 
intervention   

 In terms of the cognitive function-related bi-
ochemical indexes, the S-100B protein and NSE 
levels in the observation group at 6 months after 
intervention were obviously lower than those in 
the control group (p<0.05) (Table 4).

PFS MS

Observation group 11.2±1.8 24.7±3.5

Control group 9.7±1.4 19.1±3.1

t 4.160 7.575

p 0.000 0.000
PFS: progression-free survival, MS: median overall survival

Table 1. Comparison of survival time-related indexes be-
tween the two groups after treatments (months, x±s)

CR PR SD Ineffective Effective rate (%)

Observation group (n) 11 12 16 1 2.5

Control group (n) 8 9 10 13 32.5

x2 - 34.341

p - 0.000

Table 2. Comparison of the therapeutic effect on solid tumors between the two groups
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Changes in subjective evaluation criteria for cognitive 
function in both groups during treatments

 Before treatments and at 3 and 6 months af-
ter treatments, the cognitive function score was 
21.1±0.7, 27.8±0.4 and 28.5±0.2 points, respectively, 
in the observation group, and 21.2±0.7, 24.6±0.3 and 
24.7±0.3 points, respectively, in the control group. 
There was no statistically significant difference

in the cognitive function score between the two 
groups before treatments (t=0.639, p=0.525), and 
the cognitive function score in the observation 
group was obviously higher compared to the 
control group at 3 and 6 months after treatments 
(t=66.656 and 40.477, p<0.05) (Figure 1).

Changes in objective evaluation criteria for cognitive 
function in both groups 

 The comparison of auditory event-related po-
tential P300 amplitude and latency at 6 months 
after treatments revealed that the auditory 
event-related potential P300 amplitude in the

ET-1 (ng/L) NO (μmol/L)

Observation group

Before treatments 243.9±37.7 8.1±1.1

After treatments 78.9±11.3 15.9±1.6

Control group

Before treatments 244.1±37.8 8.2±1.1

After treatments 109.3±14.9 11.2±1.4

t1 26.515 25.407

p1 0.000 0.000

t2 20.983 13.981

p2 0.000 0.000

t3 0.024 0.407

p3 0.981 0.685

t4 10.281 10.657

p4 0.000 0.000
t1 & p1: in the comparison in observation group before and after 
treatments; t2 & p2: in the comparison in control group before 
and after treatments; t3 & p3: in the comparison between the two 
groups before treatments; t4 & p4: in the comparison between the 
two groups after treatments

Table 3. Comparison of vascular endothelium-related in-
dexes between the two groups before and after treatments 
(mean±SD)

S-100B protein NSE

Observation group 2.8±0.2 0.7±0.1

Control group 5.1±1.1 1.8±0.3

t 13.011 22.000

p 0.000 0.000

Table 4. Comparison of cognitive function-related bio-
chemical indexes between the two groups at 6 months af-
ter treatments (ng/mL, mean±SD)

Amplitude (μV) Latency (ms)

Observation group 6.9±0.3 466.7±32.5

Control group 9.1±0.5 398.7±13.8

t 23.862 12.180

p 0.000 0.000

Table 5. Comparison of auditory event-related potential 
P300 amplitude and latency at 6 months after treatments 
between the two groups (mean±SD)

Figure 1. Changes in cognitive function in both groups 
during treatments. The cognitive function score in the ob-
servation group is obviously higher than that in the control 
group at 3 and 6 months after treatments (p<0.05).

Figure 2. Changes in the neurological score in both groups 
during treatments. The neurological score in the observa-
tion group is remarkably higher than that in the control 
group at 3 and 6 months after treatments (p<0.05).
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observation group was lower compared to the con-
trol group (p<0.05), while the latency was longer 
than that in control group (p<0.05) (Table 5).

Changes in the neurological score in both groups dur-
ing treatments

 Before treatments and at 3 and 6 months after 
treatments, the neurological score was 76.7±2.6, 
88.1±3.3 and 93.2±2.1 points, respectively, in the 
observation group, and 76.8±2.7, 81.5±2.8 and 
83.9±3.1 points, respectively, in the control group. 
No statistically significant difference in the neu-
rological score between the two groups before 
treatments (t=0.168, p=0.866) was noted, but the 
neurological score in the observation group was 
remarkably higher than that in the control group 
at 3 and 6 months after treatments (t=9.645 and 
15.8709, p<0.05) (Figure 2). 

Discussion

 Nasopharyngeal carcinoma occurs frequently 
in the southern provinces in China. The effective-
ness of radiotherapy has been widely recognized, 
and radiotherapy combined with chemotherapy has 
been the preferred therapeutic approach for naso-
pharyngeal carcinoma, especially in locally ad-
vanced disease [8]. With the development of medi-
cal technology, intensity modulated radiotherapy 
has been successfully applied in the treatment of 
nasopharyngeal carcinoma, significantly prolong-
ing the survival of patients [9]. With the prolonga-
tion of survival, the mid- and long-term complica-
tions, such as radiation-induced brain injury, have 
also been significant, seriously affecting the qual-
ity of life of patients after radiotherapy. Accord-
ing to a study [10], manifestations of neurological 
impairment generally develop at 3-6 months after 
treatment in radiation-induced brain injury of na-
sopharyngeal carcinoma, which mainly include the 
decline in S-100B protein and NSE and changes in 
auditory event-related potential.
 To better reduce the influence of radiation-
induced brain injury after radiotherapy for naso-
pharyngeal carcinoma and improve the patient 
quality of life, the patients in the observation group 
were treated with bevacizumab. The survival-relat-
ed indexes were compared between the two groups 
after treatments and the therapeutic effect in both 
groups was also assessed. The results revealed that 
both PFS and MS in the observation group were 
longer than those in the control group, and the 
overall effective rate of treatment in the observation 
group was higher compared to the control group, 
indicating that the application of bevacizumab 

in nasopharyngeal carcinoma patients receiving 
chemoradiotherapy had positive impact in the 
prolongation of survival and improved the overall 
clinical therapeutic effect. Moreover, the vascular 
endothelium-related indexes were compared be-
tween the two groups before and after treatments, 
and it was found that in the observation group the 
ET-1 level after treatments was lower than that in 
the control group after treatments, while the NO 
level was higher than that in the control group 
after treatments, indicating that the combined ap-
plication of bevacizumab in nasopharyngeal carci-
noma patients receiving chemoradiotherapy has a 
certain value in improving the vascular endothe-
lial function. At the same time, the changes in the 
cognitive function-related biochemical indexes (S-
100B protein and NSE) in both groups at 6 months 
after treatments were studied and it was found 
that the cognitive function score in the observa-
tion group was obviously higher than that in the 
control group at 3 and 6 months after treatments, 
suggesting that the treatment with bevacizumab 
in nasopharyngeal carcinoma patients receiving 
chemoradiotherapy is valuable in improving the 
cognitive function of patients. Besides, the changes 
in subjective and objective evaluation criteria for 
cognitive function in both groups were also stud-
ied, and the results showed that the MMSE score 
in the observation group was higher compared to 
the control group at 3 and 6 months after treat-
ments. The comparison of auditory event-related 
potential P300 amplitude and latency at 6 months 
after treatments revealed that this potential was 
lower in the observation group, further suggest-
ing that the combined application of bevacizumab 
in nasopharyngeal carcinoma patients receiving 
chemoradiotherapy has positive impact in improv-
ing the patients’ cognitive function and reducing 
the severity and incidence rate of radiation-induced 
brain injury. 
 Finally, the changes in the neurological score 
in both groups during treatments were compared, 
and it was noted that the neurological score in the 
observation group was remarkably higher com-
pared to the control group at 3 and 6 months after 
treatments, indicating that the combined applica-
tion of bevacizumab in nasopharyngeal carcinoma 
patients receiving chemoradiotherapy has impor-
tant value in improving the neurological function 
of patients with this disease after radiotherapy.
 Bevacizumab is the most commonly used bio-
logical agent inhibiting the vascular endothelial 
growth factor [11], which can obviously improve 
the vascular endothelial function of cancer pa-
tients [12], inhibit neoangiogenesis in the tumor 
site, suppress the aseptic inflammatory response 
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in the body [13] and increase the body’s immunity 
[14]. Moreover, it can also enhance the apoptosis 
and necrosis of malignant tumor cells [15], reduce 
the drug resistance of these cells and increase the 
therapeutic effect of chemotherapeutic drugs [16]. 
In radiation-induced brain injury, bevacizumab can 
effectively decrease the levels of vascular endothe-
lial growth factor, reduce the tissue edema [17], 
especially the brain edema [18], promote the reduc-
tion of edema of brain cells after radiotherapy, and 
reduce the water molecule content in brain tissues 
[19], thus lowering the intracranial pressure, re-
lieving the clinical symptoms and improving the 
neurological function [20].

Conclusion

 The combined application of bevacizumab 
for patients with nasopharyngeal carcinoma after 
chemoradiotherapy can significantly prolong their 
survival and improve the clinical therapeutic effect, 
and it is also of great significance in improving 
their cognitive function and reducing the incidence 
rate of radiation-induced brain injury.
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