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Abstract: Objective: In this study, we compared the effects of combination of celecoxib, intensity-modulated radia-
tion therapy (IMRT) and hippocampal sparing, IMRT with hippocampal sparing and IMRT only on cognitive function, 
life quality and therapeutic effects in patients with nasopharyngeal carcinoma (NPC). Methods: From June 2015 to 
December 2016, 177 cases with NPC in our hospital were finally enrolled and randomly divided into three groups: 
IMRT only group (I group), hippocampal sparing IMRT (H group) and celecoxib combined with hippocampal sparing 
IMRT group (Ce group). Cognitive function and life quality were evaluated three months after treatment via Mini-
Mental State Examination (MMSE) and Quality of life questionnaire (QLQ C30) respectively. Indicators for therapeu-
tic effects including complete remission (CR), partial remission (PR), stable disease (SD), progressive disease (PD), 
adverse reactions, recurrence and metastasis of tumor and serum tumor marker carcinoembryonic antigen (CEA) 
level of patients were also compared. Results: Before the intervention, there was no difference in cognitive func-
tion score among all the patients (P=0.876). After the treatment, no significant difference was found for RR among 
groups (P=0.245), however, patients in the Ce group showed the highest cognitive function score (P<0.001); the 
differences in adverse reactions including dry mouth (P=0.026, Ce vs. H; P=0.000, Ce vs. I; P=0.000, H vs. I), oral 
mucositis (P=0.060, Ce vs. H; P=0.008, Ce vs. I; P=0.396, H vs. I), skin reaction (P=0.654, Ce vs. H; P=0.027, Ce 
vs. I; P=0.065, H vs. I), irradiation otitis media (P=0.097, Ce vs. H; P=0.009, Ce vs. I; P=0.051, H vs. I) had statisti-
cal significance, and their incidence rates in Ce group were lowest. Meanwhile, recurrence and metastasis were 
less in the Ce group although the differences were insignificant (P=0.302 and 0.638). The serum level of CEA was 
notably lower in Ce group (P=0.031, Ce vs. H; P=0.020, Ce vs. I; P=0.512, H vs. I). Life quality scores about cogni-
tive function and role function of H group and Ce group were higher than that of I group while Ce group was the 
highest (Cognitive function: P=0.020, Ce vs. H; P=0.015, Ce vs. I and P=0.023, H vs. I; role function: P=0.039, Ce 
vs. H; P=0.011, Ce vs. I and P=0.031, H vs. I). Conclusion: Celecoxib combined with hippocampus sparing IMRT for 
the treatment of NPC patients could drastically alleviate cognitive dysfunction, improve life quality and reduce the 
occurrence of adverse events compared with hippocampal sparing IMRT and IMRT only.
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Introduction

Originally, nasopharyngeal carcinoma (NPC), as 
a kind of head and neck cancer, was thought 
only common in southern China and rarely 
occurred in other areas of the world [1]. 
Recently, the evidence for occurrences of NPC 

in populations of geographic regions other than 
southern China had been reported, such as 
United Kingdom [2]. Non-keratinizing tumor, the 
typically pathological type, is sensitivity to 
radiotherapy [3]. However, the treatment did 
not always achieve the desired effect and was 
associated with substantial adverse reactions 
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[4]. Therefore, developing more effective and 
safer treatment strategies for NPC was still a 
hotspot in clinical research.

Intensity-modulated radiation therapy (IMRT) 
has been widely applied in the management of 
NPC [5]. However, the decline of cognitive func-
tions and life quality had been observed in 
patients after whole brain radiation therapy, 
which is probably due to the injury of hippocam-
pus, the major brain area involved with recogni-
tion and memory [6-8]. In order to better pro-
tect hippocampus, intensity-modulated radia-
tion therapy (IMRT) with hippocampal sparing 
has been developed as it has more precise 
radiation and less injuries to normal brain tis-
sue nearby [9, 10].

Cyclooxygenase-2 (Cox-2) could promote tumor 
angiogenesis, advance the invasion and metas-
tasis of tumor cells and inhibit tumor cell apop-
tosis so as to participate in the progression of 
tumor [11]. Celecoxib as a selective Cox-2 inhib-
itor, which was firstly approved for treatment of 
adult arthritis, could inhibit Cox-2 activity, 
thereby restrain tumor cell proliferation and 
angiogenesis and promote tumor cell apoptosis 
to play a role in anti-tumor activity. Meanwhile, 
it could also fight against cancer through vari-
ous other signal pathways [12, 13]. Basic 
research found that celecoxib could inhibit can-
cer cell proliferation [14]. The expression level 
of Cox-2 in NPC is as high as 78.8% that is 
closely associated with lymph node metastasis 
and poor prognosis [15]. Currently, both IMRT 
and celecoxib have been widely applied in vari-
ous cancer therapies [16, 17], though there 
were several published studies focusing on the 
impact of these therapies for NPC on patients’ 
health [18, 19], whether celecoxib combined 
with hippocampal sparing IMRT could preserve 
cognitive functions and improve life quality of 
NPC patients remained unclear.

In this study, we compared the effect of combi-
nation of celecoxib and hippocampal sparing 
IMRT, hippocampal sparing IMRT and IMRT only 
on cognitive function, life quality and therapeu-
tic effects in patients with NPC.

Materials and methods

General information

This is a retrospective study of patients with 
NPC treated in our hospital from June 2015 to 

December 2016. According to the computer 
generated random numbers method, all the 
enrolled patients were randomly divided into 
three groups: IMRT only group (I group), hippo-
campal sparing IMRT group (H group) and cele-
coxib combined with hippocampal sparing IMRT 
group (Ce group).

Inclusion criteria: (1) NPC patients diagnosed 
through pathology or cytology were naive for 
the treatment; (2) NPC patients without other 
malignant tumors, disturbance of conscious-
ness, or mental illness; (3) NPC patients who 
understood the content of the questionnaire.

Exclusion criteria: Patients (1) with obvious 
symptoms of cognitive dysfunction before 
radiotherapy; (2) with distant metastasis before 
treatment; (3) with chemoradiation contraindi-
cation; (4) with long-term high blood pressure, 
coronary heart disease, diabetes, chronic ob- 
structive pulmonary disease, epilepsy, cerebral 
vascular disease or a history of mental illness; 
(5) with a history of long-term use of sedatives, 
antidepressants or who had taken such drugs 
recently; (6) with drinking, smoking or having 
medication history for chronic disease for a 
long time; (7) could not complete the neuropsy-
chological tests with any reason, such as obvi-
ous visual auditory dysfunction, language bar-
rier and poor ability to understand, etc. (8) with 
abnormal intelligence could not cooperate with 
medical staff to complete relevant neuropsy-
chological tests.

This study was approved by the Hospital Med- 
ical Ethics Committee, and informed consent 
was signed with the patients or their family 
members.

Therapeutic method

All patients received radical external therapy by 
using the professional radiotherapy equipment 
(ONCOR, SIEMENS AG, Germany) and 6 MV 
X-ray irradiation was used with beam number: 
nine; using full target IMRT, primary tumors and 
lymphatic drainage area were covered in an 
intensity modulation target zone. According to 
the scope determined by magnetic resonance 
(MR) or computed tomography, target region in 
H group was drawn on T1 MR image with IMRT 
workstation step by step using the method by 
Chera et al. [20]. Briefly, the temporal horn was 
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firstly identified and the hippocampus was 
inside the curve. Then, the curve was contoured 
caudally from the temporal horn to pons and 
pituitary gland. Thirdly, contour rostrally to the 
lateral ventricle and ambient cistern [21]. The 
preferences and main target dose were set as: 
GTVnx 7200 cGy/30F, GTVnd 6750 cGy/30F, 
PTVnx 6600 cGy/30F, PTV-1 6000 cGy/30F, 
PTV-2 5400 cGy/30F [20]. The dosage limit for 
bilateral hippocampi was D40≤7.3 Gy, Dmean≤10 
Gy and Dmax≤17 Gy.

Patients in I group received IMRT only, patients 
in H group received hippocampal sparing IMRT, 
however oral celecoxib capsules (Pfizer Phar- 
maceuticals LLC, USA), 200 mg/time with two 
times per day for 42 days were used in Ce group 
since the first hippocampal sparing IMRT.

Cognitive function evaluation

Mini-Mental State Examination (MMSE) was 
adopted to evaluate the cognitive functions  
of patients in each group before and after 3 
months treatment [22]. Briefly, if the score ≥27, 
the patient had general cognitive function, con-
versely, if the score <27, the patient had cogni-
tive dysfunction.

Life quality assessment

Before and after 3 months treatment, quality of 
life was assessed via Quality of life question-
naire (QLQ C30) formulated by the European 
organization for research and treatment of can-
cer (EORTC), including five function scales and 
four symptom scales [23]. The life quality was 
positively related to the score of the function 
scale, while symptom scale was converse.

Outcome measures

After treatment for three months, clinical thera-
peutic effect of three groups was evaluated 
and analyzed, and the standard was set accord-
ing to Response Evaluation Criteria In Solid 
Tumors (RECIST) [24]: complete remission (CR), 
tumor disappear completely; partial remission 
(PR), the diameter of the largest tumor decreas-
es ≥30%; stable disease (SD), maximum diam-
eter of tumor lesion increases ≥20% but <30%; 
progressive disease (PD), the largest tumor 
diameter increases ≥30% or a new lesion is 
observed. Response rate (RR), RR=(CR+PR)/
number of total patients *100%. Adverse reac-
tions were recorded after treatment. During the 
1-year follow-up period, the patients were re- 
viewed every three months after treatment, 
meanwhile, recurrence and metastasis of tu- 
mor were observed. Serum level of tumor mark-
er carcinoembryonic antigen (CEA) in patients 
before treatment and after three months treat-
ment was also detected.

Table 1. Comparison of patients’ baseline information in three groups

Groups
Gender

Age (year)
Tumor stage WHO classification Education level

Male Female T3 T4 I II III N P S U
I group (n=55) 30 25 49.28±9.15 38 17 13 18 19 8 15 23 9
H group (n=61) 29 32 49.51±9.41 40 21 15 22 24 6 18 26 11
Ce group (n=61) 30 31 50.10±10.11 36 25 18 24 19 7 18 27 9
χ2/ANOVA 0.61 2.57 1.34 1.05 0.86
P 0.736 0.871 0.513 0.902 0.990
Note: N: Unschooled; P, Primary school; S, Secondary school; UN, University.

Table 2. Comparison of post-treatment cogni-
tive function score in three groups

Groups
MMSE

Before treatment After treatment
I group (n=55) 28.03±3.42 23.21±2.15a

H group (n=61) 27.99±2.87 25.21±2.78a,b

Ce group (n=61) 28.11±3.21 27.32±3.01b,c

F 1.02 10.23
P 0.876 0.000
Note: In the same group, compared with CEA before 
treatment, aP<0.05; At the same time, compared with I 
group, bP<0.05; At the same time, compared with H group, 
cP<0.05.

Table 3. Comparison of curative effect in 
three groups
Group CR PR SD PD RR
I group (n=55) 29 19 4 3 87.3%
H group (n=61) 30 23 7 1 86.9%
Ce group (n=61) 36 22 2 1 95.1%
χ2 2.81
P 0.245
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Statistics analysis

Data was analyzed by using SPSS17.0 (IBM, 
Armonk, NY, USA). Measurement data was 
expressed as mean ± standard deviation, the 
general comparison among multiple groups 
should be done by ANOVA, and then followed by 
individual comparisons with post hoc test. 
Count data was expressed as ratio with chi-
square test used to analyze the difference 
among the three groups as well as between the 
two independent samples. P<0.05 was consid-
ered statistically significant.

Results

Patients’ characteristics

Twenty three cases in the 200 patients diag-
nosed with NPC were ruled out, containing 6 
death cases, 6 cerebral infarction cases and 

11 ineligible cases. Then 177 enrolled patients 
were randomly divided into three groups ac- 
cording to the treatments: I group, H group, Ce 
group. There was no significant differences in 
age (P=0.871), gender (P=0.736), tumor stage 
(P=0.513), World Health Organization classifi-
cation of tumors (P=0.902) or education de- 
gree (P=0.990) among patients in the three 
groups (Table 1).

Post-treatment cognitive function score

After intervention, cognitive function score in 
Ce group (27.32±3.01) was slightly lower than 
that before the treatment (28.11±3.21) without 
significant difference (P=0.876). Additionally, 
compared with I group, patients in the other 
two group had the higher MMSE scores after 
the treatment while the Ce group was highest 
(P=0.012, Ce vs. H; P=0.000, Ce vs. I and P= 
0.0351, H vs. I, Table 2).

Curative effect

There were 36 patients with CR, 22 patients 
with PR, two patients with SD and one patients 
with PD in Ce group of which the rate of RR 
(95.1%) was higher than that of I group (87.3%) 
and H group (86.9%), however, the difference 
was not statistically significant (P=0.245, Table 
3).

Side effects

There was no significant difference in the inci-
dences of limitation of opening mouth, hemato-

Table 4. Comparison of side effects in three groups

Group Dry 
mouth

Oral  
mucositis

Limitation of 
opening mouth

Hematologic 
toxicity

Skin 
reaction

Irradiation 
otitis media

Inappe-
tence

Nausea and 
vomiting

I group (n=55) 12 9 6 3 8 5 3 3
H group (n=61) 3b 5 3 2 3 1 3 2
Ce group (n=61) 1b,c 1b 2 5 2b 0b 4 5
χ2 16.25 8.09 3.16 1.39 6.20 8.17 0.16 1.39
P 0.000 0.018 0.206 0.499 0.045 0.017 0.923 0.499
Note: At the same time, compared with I group, bP<0.05; at the same time, compared with H group, cP<0.05.

Table 5. Comparison of incidence rate of the recurrence and metastasis in three groups

Group
Recurrence Metastasis

Nasopharynx Neck Nasopharynx and neck Total Lung, bone etc. Recurrence and metastasis Total
I group (n=55) 5 4 2 11 3 4 7
H group (n=61) 3 2 5 10 3 5 8
Ce group (n=61) 3 2 1 6 2 3 5
χ2 1.13 1.40 3.18 2.41 0.35 0.55 0.90
P 0.568 0.496 0.206 0.302 0.839 0.760 0.638

Table 6. Comparison of CEA in three groups

Group
CEA (ng/ml)

Before treatment After treatment
I group (n=55) 13.45±2.01 8.45±0.92a

H group (n=61) 12.98±1.98 8.51±0.78a

Ce group (n=61) 13.01±2.34 8.09±0.68a,b,c

ANOVA 1.34 2.64
P 0.881 0.009
Note: In the same group, compared with CEA before 
treatment, aP<0.05; At the same time, compared with I 
group, bP<0.05; At the same time, compared with H group, 
cP<0.05.
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logic toxicity, inappetence, nausea and vomit-
ing of three groups (all P>0.05). However, the 
differences in dry mouth (P=0.026, Ce vs. H; 
P=0.000, Ce vs. I and P=0.000, H vs. I), oral 
mucositis (P=0.060, Ce vs. H; P=0.008, Ce vs. 
I and P=0.396, H vs. I), skin reaction (P=0.654, 
Ce vs. H; P=0.027, Ce vs. I and P=0.065, H vs. 
I), irradiation otitis media (P=0.097, Ce vs. H; 
P=0.009, Ce vs. I and P=0.051, H vs. I) of three 
groups had statistical significance, and Ce 
group had the lowest incidence rate (Table 4). 

Incidence of the recurrence and metastasis

Although Ce group seemed to have the lowest 
incidences of the recurrence and metastasis, 
the differences among three groups had no 
statistical significance (P=0.302 and 0.638, 
Table 5).

Serum level of CEA

The concentration of CEA in serum after treat-
ment was apparently lower than that before 
treatment for all groups (all P<0.05), while its 
level in Ce group after the treatment was evi-
dently lower than that in other two groups 
(P=0.031, Ce vs. H; P=0.020, Ce vs. I and P= 
0.512, H vs. I, Table 6).

Post-treatment life quality

Except for the cognitive function and role func-
tions, there was no significant differences in 
post-treatment life quality scores among three 
groups after treatment (all P>0.05). Especially, 
after the treatment, life quality scores of cogni-
tive function and role function in H group and 
Ce group were higher than those in I group, 
while Ce group was the highest (Cognitive func-

tion: P=0.020, Ce vs. H; P=0.015, Ce vs. I and 
P=0.023, H vs. I; role function: P=0.039, Ce vs. 
H; P=0.011, Ce vs. I and P=0.031, H vs. I; Table 
7).

Discussion

NPC is a kind of malignancy with low five-year 
survival rate. Currently, there are only few ther-
apeutic options for patients with NPC. IMRT, 
which belongs to the precise radiotherapy tech-
nology with the advantage of improving the tar-
get dose, could reduce the exposure dose to 
the surrounding normal tissues and organs, so 
as to enhance local control of tumor, prolong 
the survival time of patients, reduce the compli-
cations and improve the patient’s life quality. 
Celecoxib, as the nonsteroidal anti-inflammato-
ry drug, is a selective Cox-2 inhibitor that could 
inhibit tumor cell proliferation and angiogene-
sis, promote tumor cell apoptosis, reduce im- 
mune escape, and control tumor cell invasion, 
thus to play a positive role in anti-tumor activity. 
So, in this study, we try to explore the therapeu-
tic efficacy of the combination of celecoxib and 
hippocampal sparing IMRT to treat NPC.

Cognitive function refers to the ability for 
human to process thoughts [25, 26]. Aging and 
disease and some other factors may affect cog-
nitive function over time, resulting in problems 
like memory loss and trouble speaking or writ-
ing the right words [27]. In this study, a total of 
177 patients were successfully treated and the 
analysis result of cognitive function score and 
life quality score showed that celecoxib com-
bined hippocampal sparing IMRT could signifi-
cantly preserve cognitive function. The mecha-
nisms might be that: on the one hand, celecoxib 

Table 7. Comparison of post-treatment life quality in three groups

Projects of life 
quality score

Before treatment
P

After treatment
PI group 

(n=55)
H group 
(n=61)

Ce group 
(n=61) I group (n=55) H group 

(n=61)
Ce group 
(n=61)

Social function 55.23±10.56 56.09±8.39 54.32±9.09 0.344 68.36±13.33a 67.43±14.56a 68.00±15.32a 0.261

Body function 53.41±11.02 53.89±9.89 54.12±10.91 0.211 83.11±12.11a 82.87±13.78a 83.22±15.12a 0.123

Emotional function 47.51±7.80 47.89±9.71 47.73±8.97 0.431 77.32±11.78a 76.89±13.21a 78.01±14.02a 0.311

Cognitive function 64.37±9.18 65.01±8.79 65.45±10.02 0.122 43.24±10.67a 52.56±11.23a,b 63.02±9.56b,c 0.012

Role functions 59.45±10.32 58.76±9.98 59.22±8.98 0.310 41.56±10.34a 51.03±9.87 a,b 57.32±8.56b,c 0.021

Cancerous fatigue 56,88±7.01 57.34±6.54 57.11±8.77 0.142 39.75±12.34a 40.09±13.11a 39.88±14.09a 0.109

Cancerous pain 61.09±10.23 62.32±9.56 61.77±8.95 0.512 18.98±9.08a 19.04±10.34a 19.34±12.33a 0.430

Loss of appetite 46.71±14.56 45.82±13.55 57.00±14.13 0.098 20.33±12.23a 21.01±13.89a 20.99±14.21a 0.352

Sleep disorders 55.67±13.33 56.14±14.03 56.22±13.98 0.120 27.67±11.89a 26.98±12.11a 27.33±11.98a 0.328
Note: In the same group, compared with project before treatment, aP<0.05; At the same time, compared with I group, bP<0.05; At the same time, compared with H group, 
cP<0.05.
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could decrease the expression of Cox-2 to regu-
late NO pathways in the brain to form oxygen 
free radicals which are associated with the 
inflammation and brain damage [28]; on the 
other hand, as glutamate is involved in nerve 
cell degeneration and apoptosis through NMDA 
receptors, celecoxib could inhibit glutamate 
release, thus reduce the neurotoxic effect of 
radiation brain injury [29, 30].

And the RR in Ce group was 95.5%, which is  
in accordance with the research report of 
Mohammadianpanah [31], suggesting that the 
combination therapy of hippocampal sparing 
IMRT and celecoxib (cox-2 inhibitor) has good 
curative effect on local NPC. What’s more, cele-
coxib as a chemotherapy drug did not increa- 
se the related adverse reactions which most 
caused by cranial radiation. Meanwhile, its 
application could not only reduce the incidenc-
es of dry mouth, oral mucositis, skin reaction 
and irradiation otitis media, but also improve 
post-treatment life quality which is in according 
with our findings. In this study, all patients could 
tolerate the complete treatment, indicating the 
safety and good application prospect of this 
kind of combination treatment for NPC.

The low serum level of CEA in Ce group might 
increase the long-term survival more effective- 
ly than the therapy without celecoxib, which 
needs more evidences to confirm since the 
duration of follow-up is too short in this study. 
Meantime, the sample size is relatively small 
which might lead to the deviation of results in 
our research. Therefore, the prospective experi-
ment with adequate samples and longer follow-
up time will be conducted in the future, so as to 
promote the wide use of celecoxib combined 
with hippocampal sparing IMRT to treat NPC 
patients in clinic.

In conclusion, celecoxib combined with hippo-
campal sparing IMRT for the treatment of NPC 
patients could significantly improve their cogni-
tive dysfunction, therapeutic effect, the quality 
of life and reduce adverse after radiotherapy, 
therefore, this combination therapy is worthy  
of consideration in clinical application.
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