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Abstract 
There is considerable inter-individual variability in chemoradiotherapy responses in nasopharyngeal carcinoma (NPC) patients receiving 
the same or similar treatment protocols.  In this study we evaluated the association between the gene polymorphisms in endoplasmic 
reticulum (ER) stress pathway and chemoradiation responses in Chinese NPC patients.  A total of 150 patients with histopathologically 
conformed NPC and treated with concurrent chemoradiotherapy were enrolled.  Genotypes in ER stress pathway genes, including 
VCP (valosin-containing protein) rs2074549, HSP90B1 rs17034943, CANX (calnexin) rs7566, HSPA5 [heat shock protein family A 
(Hsp70) member 5] rs430397, CALCR (calcitonin receptor) rs2528521, and XBP1 (X-box binding protein 1) rs2269577 were analyzed 
by Sequenom MassARRAY system.  The short-term effects of primary tumor and lymph node after radiotherapy were assessed based 
on the Response Evaluation Criteria in Solid Tumors (RECIST) of WHO.  And acute radiation-induced toxic reactions were evaluated 
according to the Radiation Therapy Oncology Group or European Organization for Research and Treatment of Cancer (RTOG/EORTC).  
The effects of gene polymorphisms on clinical outcomes of chemoradiotherapy were assessed by chi-square test, univariate and 
multivariate logistic regression analyses.  We found that CT and CT+CC genotypes of CANX rs7566 was significantly correlated with 
primary tumor treatment efficacy at 3 months after chemoradiotherapy and with occurrence of radiation-induced myelosuppression in 
Chinese NPC patients.  CT and CT+CC genotypes of CALCR rs2528521 were significantly correlated with cervical lymph node efficacy 
at 3 months after chemoradiotherapy.  And CC and CT+CC genotypes of VCP rs2074549 were significantly associated with occurrence 
of myelosuppression.  In conclusion, SNPs of VCP rs2074549, CANX rs7566 and CALCR rs2528521 in ER stress pathway genes may 
serve as predictors for clinical outcomes of chemoradiotherapy in Chinese NPC patients.
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Introduction
Nasopharyngeal carcinoma (NPC) is a head and neck epithe-

lial malignant tumor that is located on the surface of the naso-
pharynx and has distinct ethnic and regional characteristics.  
The incidence of NPC is much greater in southeast Asia and 
southern China than in the United States[1].  In high-prevalence 
areas, such as southern China, 90%–95% of NPC cases are clas-
sified as nonkeratinized undifferentiated carcinoma[2].  Owing 
to its pathological features and the radiosensitivity of NPC, 
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radiotherapy has been a major modality in the treatment of 
NPC[3].  Concurrent chemoradiotherapy (CCRT) either with or 
without induction (neoadjuvant) chemotherapy is more ben-
eficial than radiotherapy alone for the treatment of advanced 
NPC patients[4–6].

There is little doubt that chemoradiotherapy improves 
treatment outcomes and reduces recurrence and death rates.  
However, there is also considerable inter-individual variabil-
ity in chemoradiotherapy reactions in tumor patients receiv-
ing the same or similar treatment protocols[7, 8].  Because TNM 
stage is the main criterion for predicting prognosis in NPC 
patients, patients with the same TNM stage still exhibit vari-
able efficacy and toxic effects, owing to heterogeneity among 
the tumors and the hosts[9].  Xerostomia, myelosuppression, 
dermatitis and oral mucositis are common side effects induced 
by chemoradiotherapy.  Myelosuppression occurs with leuco-
penia, neutropenia, anemia and thrombocytopenia, and some-
times is even life threatening[10].  In addition to the clinical and 
demographic factors, genetic background plays an important 
role in inter-individual variations in response to chemoradio-
therapy[11–13].

Protein synthesis and folding, intracellular calcium levels, 
and lipid and sterol synthesis are all regulated by the endo-
plasmic reticulum (ER)[14].  ER stress may be activated by 
perturbation of the tumor microenvironment by factors such 
as hypoxia, pH changes, and oxidative stress induced by both 
chemotherapy and radiotherapy[15, 16].  ER stress is also involved 
in cancer cell proliferation, cytoprotective autophagy, apop-
tosis, angiogenesis, and the inflammatory response mediated 
by the unfolded protein response (UPR), thereby resulting in 
cancer development and metastases[17].  Functional polymor-
phisms in ER stress pathway related genes, especially single 
nucleotide polymorphisms (SNPs) in the coding regions, 
may affect the expression or activity of proteins.  The expres-
sion level of glucose-regulated protein of molecular mass 78 
(GRP78, a major ER chaperone) has prognostic value in neoad-
juvant chemoradiotherapy and laparoscopic surgery for locally 
advanced rectal cancer[16].  Peng et al  have found that the G/G 
genotype at rs2269577, compared with the homozygous C/C 
genotype, is significantly associated with severe gastrointesti-
nal toxicity in advanced non-small cell lung cancer (NSCLC) 
patients undergoing platinum-based chemotherapy[18].  The 
SNP rs2074549 in the valosin-containing protein (VCP) gene 
is significantly associated with severe neutropenia in Chinese 
advanced NSCLC patients on platinum-based regimens[19].  As 
a molecular folding chaperone responding to ER stress, heat 
shock protein 90 beta family member 1 (HSP90B1) has been 
implicated in chemoresistance and radioresistance and often is 
an anticancer therapeutic target[20, 21].  These findings suggest 
that the ER stress pathway may play an important role in can-
cer development and metastases.  However, there is a lack of 
direct clinical evidence of the relationship between ER stress 
gene SNPs and chemoradiotherapy efficacy or toxic reactions, 
thus leading to difficulties in determining which genes are risk 
factors.

In this study, we speculated that SNPs in ER stress path-

way genes might be predictive factors for chemoradiotherapy 
efficacy and toxic reactions in NPC patients and may account 
for the inter-patient heterogeneity in clinical efficacy and toxic 
reactions.  Thus, we explored the association between SNPs 
in ER stress response-related genes, including VCP (valosin-
containing protein) rs2074549, HSP90B1 rs17034943, CANX 
(calnexin) rs7566, HSPA5 (heat shock protein family A (Hsp70) 
member 5) rs430397, CALCR (calcitonin receptor) rs2528521, 
and XBP1 (X-box binding protein 1) rs2269577, and clinical 
efficacy and toxic reactions. 

Materials and methods
Study population 
This study was approved by the Ethics Committee of Jiangxi 
Cancer Hospital (China) and was registered on the official 
website of the Chinese Clinical Trial Registry (www.chictr.
org, registration number: ChiCTR-OPC-14005257).  Between 
April 2014 and September 2015, a total of 150 patients with 
histopathologically confirmed NPC were enrolled at the Radi-
ology Department of Jiangxi Cancer Hospital, China.  Only 
patients whose performance status (PS) scores were ≤1.0 with-
out severe heart, lung, liver or kidney dysfunction and whose 
lesions were measurable according to the WTO evaluation cri-
teria, were eligible for this study.  The other inclusion criteria 
included no anti-tumor treatment prior to chemoradiotherapy 
and the completion of radical treatment.  The exclusion criteria 
included pregnancy or lactation, active infection before treat-
ment, history of cancer, or complication with other tumors.  
All patients provided signed informed consent.  Basal demo-
graphic and clinical information was collected.  

Treatment regimen
All patients received intensity-modulated radiotherapy (IMRT) 
with 6-MV photons at a dose of 2 Gy/d, 5 times weekly.  The 
doses were prescribed on the basis of the gross tumor volume 
(GTV), clinical target volume (CTV), and planning target vol-
ume (PTV).  The accumulated doses for nasopharyngeal pri-
mary lesions and positive cervical lymph nodes were 66–77 
Gy and 54–60 Gy, respectively, and were applied to the cervi-
cal prevention area in 30–33 fractions.  

All patients received concurrent chemoradiotherapy (CRT).  
Platinum-based chemoradiotherapy was used as induction 
chemotherapy and adjuvant chemotherapy.

Evaluation of treatment efficacy and toxic reactions
On the basis of the Response Evaluation Criteria In Solid 
Tumors (RECIST) of the World Health Organization (WHO), 
the short-term effects on the primary tumor and lymph node 
after RT were evaluated with computed tomography (CT) and 
magnetic resonance imaging (MRI) immediately and 3 months 
after RT.  The RECIST definition of efficacy included complete 
remission (CR), partial remission (PR), stable disease (SD) and 
progression disease (PD).  In this study, for specific compari-
son with the CR group, the PR, SD and PD groups were con-
solidated into a single non-CR group.

Acute radiation-induced toxic reactions were evaluated 
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according to the guidelines of the Radiation Therapy Oncol-
ogy Group or European Organization for Research and Treat-
ment of Cancer (RTOG/EORTC).  In this study, acute toxic 
reactions of xerostomia, myelosuppression, dermatitis and 
oral mucositis were evaluated.  On the basis of the RTOG/
EORTC scores of the toxic reactions, the patients were further 
divided into subgroups.  Patients with xerostomia of grade 
2 or higher (grades 2–3) were defined as the chemoradiation 
sensitive subgroup, whereas those with mild toxicity (grade 
1) were classified as the chemoradiation insensitive subgroup.  
For myelosuppression, patients were subdivided into the 
grade 0–2 (grades 0, 1, and 2) group and the grade 3+ (grades 
3 and 4) group.  For dermatitis, patients were subdivided into 
a grade 1–2 group and a grade 3+ (grades 3 and 4) group.  
For oral mucositis, patients were subdivided into a grade 0–2 
(grades 0, 1, and 2) group and a grade 3+ (grades 3 and 4) 
group.

Genotyping assay
Peripheral blood samples (3 mL) were collected for genotyp-
ing before radiotherapy and were stored at -20 °C in EDTA 
anticoagulant tubes.  DNA was extracted using a Wizard 
Genomic DNA Purification Kit (Promega, Madison, USA), per 
the instructions.  Polymorphisms in 6 genes were analyzed 
with a Sequenom MassARRAY system (BioMiao Biological, 
Beijing, China).  

Statistical analysis
All data were analyzed with SPSS 19.0 software.  All statisti-
cal tests were two-sided.  P values <0.05 were considered to 
be statistically significant.  Descriptive statistics were used to 
report the demographics and treatment characteristics.  Chi-
square tests were performed to evaluate the effect of clinical 
factors on the short-term treatment efficacy (including primary 
tumor efficacy and cervical lymph node efficacy) and the risk 
of occurrence of xerostomia, myelosuppression, dermatitis and 
oral mucositis.  The association between polymorphisms in 
ER stress pathway genes and short-term efficacy as well as the 
risk of acute toxic reactions was evaluated by estimating the 
odds ratios (ORs) and 95% confidence intervals (CIs) through 
univariate and multivariate logistic regression analyses.  Mul-
tivariate analyses were adjusted for age, sex, drinking, smok-
ing, family history, body mass index (BMI), TNM stage and 
clinical stage.

Results
Population characteristics and clinical outcome
A total of 150 NPC patients with a defined pathological diag-
nosis of non-keratinized nasopharyngeal carcinoma (NPC) 
were recruited.  There were 100 males and 50 females with a 
mean age of 49.56 years (ranging from 14–71 years).  On the 
basis of the clinical criteria of the 7th Union for International 
Cancer Control (UICC) staging standard, there were no NPC 
patients at stage I, 12 patients at stage II, 67 patients at stage 
III, and 71 patients at stage IV.  Their demographics and treat-
ment characteristics are summarized in Table 1.  Epstein-Barr 

virus (pEBV) was detectable in the plasma of 109 patients 
(72.7%; pEBV-positive population).  However, the pEBV-posi-
tive rate after CRT decreased to 2.2%.

The associations between population characteristics and 
short-term effects in NPC patients immediately after and 3 
months after CRT are listed separately in Table S1 (supple-
mentary materials) and Table 2.  We primarily evaluated pri-
mary tumor efficacy and cervical lymph node efficacy in NPC 

Table 1.  Baseline demographics and clinical characteristics. 

                  
Characteristics

	             Number of patients (%) 
                                                                  (n=150)

 
Age at diagnosis (mean±SD)	 49.56±11.00

Gender
    Male	   100 (66.7)
    Female	     50 (33.3)

Drinking
    Yes	     38 (25.3)
    No	   112 (74.7)	

Smoking
    Yes	     67 (44.7)
    No	     83 (55.3)

Family history of tumor
    Yes	     19 (12.7)
    No	   131 (87.3)

BMI
    ≤24.0	     98 (65.3)
    >24.0	     52 (34.7)

Tumor size
    TI–T2	    36 (24.0)
    T3–T4	   114 (76.0)	

Lymph node metastasis
    N0–N1	     68 (45.3)
    N2–N3	     82 (54.7)

Distant metastasis
    M0	   145 (96.7)
    M1	        5 (3.3)

Clinical stage
    I–II	     12 (8.0)
    III–IV	   138 (92.0)

EBV-DNA
    Positive	   109 (72.7)
    Negative	     41 (27.3)

SD, standard deviation; BMI, body mass index; EBV-DNA, plasma Epstein-
Barr virus (EBV) DNA. TNM staging is based on Clinical stage 7th AJCC/
UICC staging system.
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patients.  For short-term effects immediately after CRT, the 
distribution of primary tumor efficacy was significantly dif-
ferent in the two tumor-size groups (T1–T2 group versus the 
T3–T4 group; P=0.036) in that the T3–T4 group showed poorer 
efficacy than the T1–T2 group (OR: 3.581; 95% CI: 1.019–12.582; 
P=0.047).  The association between cervical lymph node effi-
cacy and stages of lymph node metastasis was nearly signifi-

cant (OR: 3.358; 95% CI: 0.919–12.272; P=0.067; N2–N3 vs N0–
N1).  There was no correlation between the short-term effect 3 
months after CRT and clinical factors.  

When assessing the associations between clinical factors and 
the risk of occurrence of toxic reactions such as xerostomia, 
myelosuppression, dermatitis and oral mucositis, we found 
that a family history of NPC was the most relevant risk factor 
for xerostomia (P=0.008), and patients who had a family his-
tory of NPC were at lower risk of developing grade 2+ xero-
stomia (OR: 0.239; 95% CI: 0.078–0.735; P=0.013).  The results 
are shown in Table 3.  Additionally, compared with patients 
with a body mass index (BMI)≤24.0, patients with a BMI>24.0 
had a lower risk of developing grade 3+ oral mucositis (OR: 
0.431; 95% CI: 0.215–0.865; P=0.018), as shown in Table S2.  

Relationship between gene polymorphisms in the ER stress 
response pathway and short-term effects in NPC patients
As shown in Tables S3 and S4, there were no statistically sig-
nificant associations between SNPs and primary tumor effi-
cacy or cervical lymph node efficacy immediately after chemo-
radiotherapy in either the univariate analysis or the multivari-
ate analysis.  

The CT and CT+TT genotypes of rs7566 in the CANX gene 
were significantly associated with better primary tumor effi-
cacy 3 months after CRT, as compared with the CC genotype 
(CT OR: 0.133; 95% CI: 0.020–0.886; P=0.037 and CT+TT OR: 
0.122; 95% CI: 0.018–0.815; P=0.030).  The CT and CT+CC 
genotypes of rs2528521 in the CALCR gene were significant 
factors predicting cervical lymph node efficacy 3 months after 
CRT in NPC patients (CT OR: 15.294; 95% CI: 1.625–143.976; 
P=0.017 and CT+CC OR: 13.478; 95% CI: 1.470–123.575; 
P=0.021).  The results are listed in Tables 4 and 5.

Relationship between gene polymorphisms in the ER stress 
response pathway and the risk of toxicity
The associations between genotypes of ER stress response 
pathway genes and xerostomia and myelosuppression are 
shown in Tables 6 and 7.  The results showed that the CC and 
CT+CC genotypes of VCP rs2074549 were associated with a 
significantly increased risk of developing grade 3+ myelosup-
pression, by using the TT genotype as a reference (CC OR: 
3.040; 95% CI: 1.336–6.914; P=0.008 and CT+CC OR: 2.768; 
95% CI: 1.243–6.162; P=0.013).  A significant association was 
detected between the CT and CT+TT genotypes of CANX 
rs7566, compared with the CC genotype, and there was an 
increased risk of occurrence of grade 3+ myelosuppression 
(CT OR: 2.459; 95% CI: 1.096–5.518; P=0.029 and CT+TT OR: 
2.382; 95% CI: 1.112–5.104; P=0.026).  There was no associa-
tion between the selected SNPs and the risk of occurrence of 
xerostomia.  As shown in Table S5, no relationship was found 
between SNPs in ER stress response pathway genes and the 
risk of dermatitis.  We identified only a borderline significant 
association between the CT genotype of rs2074549 in the VCP 
gene and the risk of developing grade 3+ oral mucositis (OR: 
3.939; 95% CI: 0.976–15.902; P=0.054), as shown in Table S6.

Table 2.  Association of clinical factors and the short term treatment effect 
3 months after CRT. 

                                          Primary tumor                      Cervical lymph
Clinical                                   efficacy                             node efficacy
characteristics                      (n=110)                                 (n=99)
                                            CR    Non-CR       P                CR     Non-CR     P

 
Age (year)			   0.786			   0.828
    ≤60	 87	 9		  78	 9
    >60	 13	 1		  11	 1

Gender			   0.799			   0.691
    Male	 66	 7		  59	 6
    Female	 34	 3		  30	 4

Drinking			   0.777			   0.075
    Yes	 24	 2		  22	 0
    No	 76	 8		  67	 10

Smoking			   0.626			   0.978
    Yes	 42	 5		  36	 4
    No	 58	 5		  53	 6

Family history			   0.171			   0.176
    Yes	 16	 0		  14	 0
    No	 84	 10		  75	 10

BMI			   0.751			   0.746
    ≤24.0	 65	 7		  58	 6
    >24.0	 35	 3		  31	 4

Tumor size			   0.314			   0.593
    T1–T2	 24	 1		  20	 3
    T3–T4	 76	 9		  69	 7

Lymph node metastasis			   0.176			   0.814
    N0–N1	 42	 2		  30	 3
    N2–N3	 58	 8		  59	 7

Distant metastasis			   0.260			   0.494
    M0	 97	 9		  85	 10
    M1	 3	 1		  4	 0

Clinical stage			   0.826			   0.703
    I–II	 8	 1		  6	 1
    III–IV	 92	 9		  83	 9

CRT, chemoradiotherapy; CR, complete remission; Non-CR, not complete 
remission; BMI, body mass index. 
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Stratification analyses of patients at tumor stages T3 and T4
To evaluate the effects of SNPs in ER stress pathway genes on 
clinical efficacy and toxic reactions of patients at only tumor 
stages T3 and T4, we performed additional stratification 
analyses.  As shown in Table 8, the CT and CT+TT genotypes 
of rs7566 in the CANX gene were significantly associated with 
better primary tumor efficacy 3 months after CRT in NPC 
patients at stages T3 and T4 only (CT OR: 0.112; 95% CI: 0.013–

0.941; P=0.044 and CT+TT OR: 0.101; 95% CI: 0.012–0.849; 
P=0.035).  Regarding the myelosuppression in patients at only 
the T3 and T4 stages, we obtained similar results: the CC and 
CT+CC genotypes of VCP rs2074549 and the CT and CT+TT 
genotypes of CANX rs7566 were significantly associated with 
increased risk of grade 3+ myelosuppression (Table 9).  In 
addition, the association was more significant for the entire 
patient population.

Discussion
In this study, the effects of 6 SNPs in ER stress pathway 
genes on the chemoradiotherapy responses in NPC patients 
were evaluated.  Our data demonstrated that the T allele 
of CANX rs7566 was a favorable factor related to primary 
tumor treatment efficacy 3 months after CRT, but it was also 
significantly associated with the development of grade 3+ 
myelosuppression in Chinese NPC patients.  The C allele of 
CALCR rs2528521 was significantly correlated with cervical 
lymph node efficacy 3 months after CRT.  The C allele of VCP 
rs2074549 was significantly associated with the occurrence of 
3+ myelosuppression.  To our knowledge, this is the first study 
to investigate the effects of polymorphisms in ER stress path-
way genes on chemoradiotherapy reactions in NPC patients.  

Through correlation analysis of population characteristics 
and clinical outcomes, NPCs classified as T3 and T4 showed 
poorer primary tumor efficacy after chemoradiotherapy than 
those classified as T1 and T2.  TNM stage is a major prognostic 
predictor in NPC patients, and patients classified as T3 and 
T4 often have a poor prognosis[22].  Additionally, patients with 
a family history of NPC tended to have a lower risk of devel-
oping grade 2+ xerostomia as well as an improved survival 
rate[23].  Thus, it was surmised that patients with a family his-
tory of xerostomia might be more tolerant than those without 
this family history.  Our results revealed that patients with 
a BMI >24.0 were at lower risk of developing grade 3+ oral 
mucositis.  Pretreatment BMI was a significant independent 
prognostic factor for patients with NPC.  Compared with their 
low-BMI counterparts, high-BMI patients have better 5-year 
failure-free survival rates (FFS)[24].  High-BMI patients may be 
more tolerant of oral mucositis than low-BMI patients.  How-
ever, the underlying mechanism remains unknown, and fur-
ther studies are wanted.

Valosin-containing protein (VCP) is a conserved structural 
protein in eukaryotes that belongs to the ATPase family.  The 
expression of VCP has been found to be related to the patho-
logical state and clinical outcome of human tumors such as 
childhood acute lymphoblastic leukemia[25].  The results from 
our study indicated that the C allele of VCP rs2074549 was 
significantly associated with the risk of occurrence of grade 
3+ myelosuppression directly after CRT in NPC patients 
(P=0.008), particularly in the subgroup of patients at stage T3 
and T4 (P=0.003).  Rs2074549 is located in the intronic region 
of the VCP gene, and mutations at this SNP may influence 
the expression of VCP by affecting mRNA splicing, localiza-
tion and stability[26].  Another conceivable mechanism is that 
the real functional variant mediating this process is not SNP 

Table 3.  Association of clinical factors and the risk of xerostomia and 
myelosuppression after CRT. 

                                          Xerostomia                       Myelosuppression
Clinical 	                           (n=150)		   (n=150)
characteristics               Grade   Grade         P             Grade   Grade        P
                                           1          2+                             0–2       3+

 
Age (year)			   0.583			   0.936
    ≤60	 110	 15		  89	 36
    >60	 21	 4		  18	 7

Gender			   0.728			   0.523
    Male	 88	 12		  73	 27
    Female	 43	 7		  34	 16

Drinking			   0.646			   0.711
    Yes	 34	 4		  28	 10
    No	 97	 15		  79	 33

Smoking			   0.810			   0.244
    Yes	 59	 8		  51	 16
    No	 72	 11		  56	 27

Family history			   0.008*			   0.764
    Yes	 13	 6		  13	 6
    No	 118	 13		  94	 37

BMI			   0.831			   0.270
    ≤24.0	 86	 12		  67	 31
    >24.0	 45	 7		  40	 12

Tumor size			   0.748			   0.160
    T1–T2	 32	 4		  29	 7
    T3–T4	 99	 15		  78	 36

Lymph node metastasis			   0.239			   0.585
    N0–N1	 57	 11		  47	 21
    N2–N3	 74	 8		  60	 22

Distant metastasis			   0.386			   0.663
    M0	 126	 19		  103	 42
    M1	 5	 0		  4	 1

Clinical stage			   0.664			   0.709
    I–II	 10	 2		  8	 4
    III–IV	 121	 17		  99	 39

CRT, chemoradiotherapy; CR, complete remission; Non-CR, not complete 
remission; BMI, body mass index.  *P<0.05 was shown in bold. 
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rs2074549 but other polymorphisms in linkage disequilibrium 
(LD) with this SNP[27].  This SNP is significantly associated 
with severe neutropenia[19].  VCP is supposedly involved in the 
dissociation and proteasomal degradation of I-κB, an inhibitor 
of nuclear factor-kappaB (NF-κB)[28].  Interestingly, the NF-κB 
pathway is related to neutrophil apoptosis[29, 30], but its detailed 
mechanism requires further study.  Variation in this SNP is 
probably related to the regulation of neutrophil apoptosis, 
thus leading to myelosuppression.  However, there was no 
association between rs2074549 and treatment efficacy in NPC 
patients.

Calcitonin receptor (CALCR), one of seven transmembrane-
spanning G protein–coupled receptors, is involved in the 
maintenance of calcium homeostasis and the regulation of 
bone resorption.  The C1377T polymorphism in the CALCR 
gene has been found to be associated with bone mineral den-
sity (BMID) in the lumbar spine in a postmenopausal Han 
Chinese population[31].  Furthermore, the CT and CT+CC gen-
otypes at rs2528521 were significantly correlated with cervical 
lymph node efficacy 3 months after CRT both in the whole 
population and in patients at stages T3 and T4.  Rs2528521 is a 
C/T single-nucleotide variation located in the promoter region 
of the CALCR gene.  SNPs located within promoters might 
influence overall protein activity or gene expression[32].  Few 
studies have examined the association between CALCR gene 

variations and disease, and the relationship between CALCR 
gene variations and toxic reaction in response to CRT has not 
been reported.  An elevated intracellular calcium level may 
induce cell apoptosis[33, 34].  We speculate that functional muta-
tion of this SNP may decrease the intracellular concentration 
of Ca2+, thereby leading to cervical lymph node cell survival.  

We also analyzed the relationship between CANX (calnexin) 
gene polymorphisms and clinical outcomes of chemoradia-
tion in NPC patients.  Our data indicated that the C/T single-
nucleotide variation in CANX rs7566 is a favorable prognostic 
factor 3 months after CRT, and it was significantly associated 
with the development of chemoradiotherapy-induced myelo-
suppression in Chinese NPC patients.  Stratification analyses 
of NPC patients at stages T3 and T4 yielded similar results 
regarding the risk of myelosuppression.  As a calcium-binding 
molecular chaperone of ER, CANX interacts with newly syn-
thesized N-linked glycoproteins in a timely manner and thus 
plays an important role in protein synthesis and folding[35].  
Accumulating evidence indicates that CANX is involved 
in apoptosis induced by ER stress[36, 37].  CANX silencing in 
murine neonatal cardiomyocytes induces Ca2+ cycling defects, 
ER stress, and apoptosis[38].  The over-expression of CANX 
provokes apoptosis[39, 40].  In addition, CANX rs7566 is located 
in the 3’-terminal untranslated region (3’-UTR), which can be 
fully or partly bound by microRNAs (miRNAs), thereby trig-

Table 4.  Association of the selected SNPs with primary tumor efficacy 3 months after CRT.

                                                                                     CR	                             Non-CR	                      Crude	                                           Adjusteda

	                               Genotypes	      n	     f (%)	        n	     f (%)	                OR, 95% CI, P	                      OR, 95% CI, P
 

VCP (rs2074549)	 TT	 48	 48.0	 4	 40.0	 1	 1
	 CT	 8	 8.0	 1	 10.0	 1.500, 0.148–15.197, 0.731	 2.165, 0.146–32.152, 0.575
	 CC	 44	 44.0	 5	 50.0	 1.364, 0.344–5.404, 0.659	 1.499, 0.280–8.024, 0.636
	 CT+CC	 52	 52.0	 6	 60.0	 1.385, 0.368–5.207, 0.630	 1.603, 0.322–7.976, 0.565
HSP90B1 (rs17034943)	 GG	 25	 25.0	 3	 30.0	 1	 1
	 AG	 45	 45.0	 3	 30.0	 0.556, 0.104–2.961, 0.491	 0.411, 0.060–2.817, 0.365
	 AA	 30	 30.0	 4	 40.0	 1.111, 0.227–5.439, 0.897	 0.806, 0.128–5.074, 0.818
	 AG+GG	 75	 75.0	 7	 70.0	 0.778, 0.187–3.238, 0.730	 0.575, 0.110–3.017, 0.513
CANX (rs7566)	 CC	 48	 48.0	 8	 80.0	 1	 1
	 CT	 48	 48.0	 2	 20.0	 0.250, 0.050–1.239, 0.090	 0.133, 0.020–0.886, 0.037*
	 TT	 4	 4.0	 0	 0.0	 NC	 NC
	 CT+TT	 52	 52.0	 2	 20.0	 0.231, 0.047–1.141, 0.072	 0.122, 0.018–0.815, 0.030*
HSPA5 (rs430397)	 CC	 72	 72.0	 10	 100.0	 1	 1
	 CT	 27	 27.0	 0	 0.0	 NC	 NC
	 TT	 1	 1.0	 0	 0.0	 NC	 NC
	 CT+TT	 28	 28.0	 0	 0.0	 NC	 NC
CALCR (rs2528521)	 TT	 45	 45.0	 5	 50.0	 1	 1
	 CT	 39	 39.0	 5	 50.0	 1.154, 0.311–4.283, 0.831	 1.328, 0.311–5.671, 0.702
	 CC	 16	 16.0	 0	 0.0	 NC	 NC
	 CT+CC	 55	 55.0	 5	 50.0	 0.818, 0.223–3.004, 0.762	 0.860, 0.207–3.568, 0.835
XBP1 (rs2269577)	 CC	 50	 50.0	 2	 20.0	 1	 1
	 GC	 40	 40.0	 7	 70.0	 4.375, 0.861–22.230, 0.075	 4.425, 0.692–28.288, 0.116
	 GG	 10	 10.0	 1	 10.0	 2.500, 0.206–30.293, 0.472	 2.051, 0.119–35.279, 0.621
	 GC+GG	 50	 50.0	 8	 80.0	 4.000, 0.809–19.779, 0.089	 3.830, 0.635–23.086, 0.143

CR, complete remission; Non-CR, not complete remission.  *P<0.05 was shown in bold. 
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gering specific mRNA cleavage or translational repression[41, 42].  
Thus, we speculate that rs7566 located at the miRNA-binding 
sites may influence the binding ability of miRNAs and con-
sequently the expression of target genes, thereby leading to 
alterations in susceptibility to CRT and increasing CRT effi-
cacy and the risk of development of myelosuppression.
   There were several limitations of this study.  First, clinical 
evaluations of acute radiation-induced toxic reactions, were 
somewhat dependent on the patients’ subjective feelings.  For 
example, reporting and tolerance degree of xerostomia may 
vary greatly among patients.  Second, patients with different 
CRT regimens may have different tumor responses and side 
effects and thus might have confounded our analyses.  Third, 
the number of enrolled patients in this study was small, thus 
potentially limiting the statistical power of the correlation 
analysis.  Nevertheless, we will verify our current findings in 
our upcoming study with a larger sample size.
   In conclusion, we identified the VCP rs2074549, CANX 
rs7566 and CALCR rs2528521 SNPs as novel chemoradiation 
associated genes that can be regarded as predictors of 
clinical outcome of CRT in NPC patients.  Knowledge of 
chemoradiation-related genes may aid in identification of 

targets for innovative therapies and promote individualized 
CRT.  To our knowledge, our study is the first attempt to 
explore the association between ER stress pathway gene 
variations and clinical outcomes of chemoradiation.  The 
underlying mechanism by which ER stress pathway genes 
modulate the response to chemoradiation in NPC patients 
requires further study.
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Table 5.  Association of the selected SNPs with the cervical lymph node efficacy 3 months after CRT.

                                                                                     CR	                          Non-CR	                    Crude	                                       Adjusteda

	                               Genotypes	      n	    f (%)	      n	  f (%)	              OR, 95% CI, P	                  OR, 95% CI, P
 

VCP (rs2074549)	 TT	 42	 47.2	 5	 50.0	 1	 1
	 CT	 6	 6.7	 2	 20.0	 2.800, 0.440–17.799, 0.275	 1.915, 0.259–14.158, 0.524
	 CC	 41	 46.1	 3	 30.0	 0.615, 0.138–2.740, 0.523	 0.512, 0.098–2.660, 0.426
	 CT+CC	 47	 52.8	 5	 50.0	 0.894, 0.242–3.304, 0.866	 0.761, 0.179–3.236, 0.711
VHSP90B1 (rs17034943)	 GG	 25	 28.1	 2	 20.0	 1	 1
	 AG	 39	 43.8	 2	 20.0	 0.641, 0.085–4.848, 0.667	 0.836, 0.091–7.694, 0.874
	 AA	 25	 28.1	 6	 60.0	 3.000, 0.552–16.317, 0.204	 5.190, 0.664–40.586, 0.117
	 AG+GG	 64	 71.9	 8	 80.0	 1.562, 0.310–7.872, 0.589	 2.131, 0.322–14.089, 0.432
CANX (rs7566)	 CC	 44	 49.4	 5	 50.0	 1	 1
	 CT	 41	 46.1	 5	 50.0	 1.073, 0.289–3.980, 0.916	 0.906, 0.207–3.960, 0.895
	 TT	 4	 4.5	 0	 0.0	 NC	 NC
	 CT+TT	 45	 50.6	 5	 50.0	 0.978, 0.265–3.614, 0.973	 0.841, 0.192–3.688, 0.818
HSPA5 (rs430397)	 CC	 68	 76.4	 9	 90.0	 1	 1
	 CT	 20	 22.5	 1	 10.0	 0.378, 0.045–3.164, 0.369	 0.476, 0.051–4.415, 0.514
	 TT	 1	 1.1	 0	 0.0	 NC	 NC
	 CT+TT	 21	 23.6	 1	 10.0	 0.360, 0.043–3.007, 0.345	 0.412, 0.045–3.776, 0.433
CALCR (rs2528521)	 TT	 43	 48.3	 1	 10.0	 1	 1
	 CT	 33	 37.1	 8	 80.0	 10.424, 1.242–87.523, 0.031*	 15.294, 1.625–143.976, 0.017*

	 CC	 13	 14.6	 1	 10.0	 3.308, 0.193–56.635, 0.409	 6.602, 0.293–148.995, 0.235
	 CT+CC	 46	 51.7	 9	 90.0	 8.413, 1.023–69.213, 0.048*	 13.478, 1.470–123.575, 0.021*

XBP1 (rs2269577)	 CC	 41	 46.1	 6	 60.0	 1	 1
	 GC	 39	 43.8	 4	 40.0	 0.701, 0.184–2.674, 0.603	 0.491, 0.101–2.382, 0.378
	 GG	 9	 10.1	 0	 0.0	 NC	 NC
	 GC+GG	 48	 53.9	 4	 40.0	 0.569, 0.150–2.157, 0.407	 0.409, 0.086–1.937, 0.260

SNPs, single nucleotide polymorphisms; CRT, chemoradiotherapy; CR, complete remission; Non-CR, not complete remission; OR, odds ratio; CI, 
confidence interval; NC, not calculated.  *P<0.05 was shown in bold.  aAdjusted for age, gender, dringking, smoking, family history, BIM, TNM stage and 
clinical stage.
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	 CC	 17	 13.0	 3	 15.8	 1.279, 0.305–5.361, 0.736	 1.258, 0.284–5.571, 0.762
	 CT+CC	 73	 55.7	 11	 57.9	 1.092, 0.413–2.893, 0.859	 1.050, 0.382–2.886, 0.924
XBP1 (rs2269577)	 CC	 56	 42.7	 10	 52.6	 1	 1
	 GC	 64	 48.9	 5	 26.3	 0.438, 0.141–1.357, 0.152	 0.453, 0.138–1.485, 0.191
	 GG	 11	 8.4	 4	 21.1	 2.036, 0.540–7.681, 0.294	 2.850, 0.660–11.922, 0.162
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SNPs, single nucleotide polymorphisms; CRT, chemoradiotherapy; OR, odds ratio; CI, confidence interval; NC, not calculated.  aAdjusted for age, gender, 
dringking, smoking, family history, BIM, TNM stage and clinical stage.
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Table 7.  Association of the selected SNPs with the risk of radiation-induced myelosuppression after CRT.

                                                                                Grade 0–2 	          Grade 3+	                        Crude	                                        Adjusteda

	                               Genotypes	      n	      f (%)	       n 	     f (%)	                 OR, 95% CI, P	                  OR, 95% CI, P
 

VCP (rs2074549)	 TT	 55	 51.4	 12	 27.9	 1	 1
	 CT	 10	 9.3	 3	 7.0	 1.375, 0.328–5.765, 0.663	 1.540, 0.348–6.812, 0.569
	 CC	 42	 39.3	 28	 65.1	 3.056, 1.392–6.709, 0.005*	 3.040, 1.336–6.914, 0.008*

	 CT+CC	 52	 48.6	 31	 72.1	 2.732, 1.269–5.882, 0.010	 2.768, 1.243–6.162, 0.013
HSP90B1 (rs17034943)	 GG	 28	 26.2	 10	 23.3	 1	 1
	 AG	 53	 49.5	 14	 32.6	 0.740, 0.291–1.878, 0.526	 0.716, 0.274–1.871, 0.496
	 AA	 26	 24.3	 19	 44.2	 2.046, 0.805–5.204, 0.133	 2.072, 0.780–5.502, 0.144
	 AG+GG	 79	 73.8	 33	 76.8	 1.170, 0.511–2.678, 0.711	 1.144, 0.486–2.696, 0.758
CANX (rs7566)	 CC	 60	 56.1	 15	 34.9	 1	 1
	 CT	 38	 35.5	 23	 53.5	 2.421, 1.124–5.213, 0.024*	 2.459, 1.096–5.518, 0.029*

	 TT	 9	 8.4	 5	 11.6	 2.222, 0.649–7.610, 0.204	 2.107, 0.581–7.647, 0.257
	 CT+TT	 47	 43.9	 28	 65.1	 2.383, 1.144–4.966, 0.020*	 2.382, 1.112–5.104, 0.026*

HSPA5 (rs430397)	 CC	 82	 76.6	 29	 67.4	 1	 1
	 CT	 24	 22.4	 13	 30.2	 1.532, 0.690–3.398, 0.294	 1.353, 0.583–3.137, 0.481
	 TT	 1	 0.9	 1	 2.3	 2.828, 0.171–46.683, 0.467	 5.871, 0.266–129.419, 0.262
	 CT+TT	 25	 23.3	 14	 32.5	 1.583, 0.726–3.452, 0.248	 1.463, 0.645–3.319, 0.363
CALCR (rs2528521)	 TT	 48	 44.9	 18	 41.9	 1	 1
	 CT	 45	 42.1	 19	 44.2	 1.126, 0.525–2.413, 0.760	 1.248, 0.566–2.751, 0.582
	 CC	 14	 13.1	 6	 14.0	 1.143, 0.381–3.430, 0.812	 1.188, 0.381–3.702, 0.766
	 CT+CC	 59	 552.	 25	 58.2	 1.130, 0.552–2.311, 0.738	 1.233, 0.590–2.578, 0.578
XBP1 (rs2269577)	 CC	 50	 46.7	 16	 37.2	 1	 1
	 GC	 45	 42.1	 24	 55.8	 1.667, 0.787–3.528, 0.182	 1.588, 0.735–3.433, 0.239
	 GG	 12	 11.2	 3	 7.0	 0.781, 0.196–3.120, 0.727	 0.725, 0.174–3.025, 0.659
	 GC+GG	 57	 53.3	 27	 62.8	 1.480, 0.716–3.058, 0.289	 1.412, 0.668–2.985, 0.366

SNPs, single nucleotide polymorphisms; CRT, chemoradiotherapy; OR, odds ratio; CI, confidence interval.  *P<0.05 was shown in bold.  aAdjusted for 
age, gender, dringking, smoking, family history, BIM, TNM stage and clinical stage. 

Table 8.  Association between rs7566 and primary tumor efficacy 3 months after CRT for patients at T3 and T4 stage.

                                                            CR	                                           Non-CR				     
     Genotype	             n	                    f (%)	                 n	    f (%)	                     OR	                    95% CI	                            P

 
CC	 34	 44.7	 8	 88.9
CT	 38	 50.0	 1	 11.1	 0.112	 0.013–0.941	 0.044*

TT	 4	 5.3	 0	 0.0	 NC	 NC	 NC
CT+TT	 42	 55.3	 1	 11.1	 0.101	 0.012–0.849	 0.035*

CRT, chemoradiotherapy; CR, complete remission; Non-CR, not complete remission; OR, odds ratio; CI, confidence interval; NC, not calculated.  *P<0.05 
was shown in bold.

Table 9.  Association between rs2074549, rs7566 and risk of myelosuppression for patients at T3 and T4 stage after CRT.

                                                                                      CR	                        Non-CR				    
                                          Genotype	    n                   f (%)	                n	                      f (%)	                  OR	             95% CI                         P

 
VCP (rs2074549)	 TT	 40	 51.3	 8	 22.2
	 CT	 6	 7.7	 2	 5.6	 1.677	 0.284–9.797	 0.572
	 CC	 32	 41.0	 26	 72.2	 4.062	 1.621–10.181	 0.003*

	 CT+CC	 38	 48.7	 28	 77.9	 3.684	 1.494–9.084	 0.005
CANX (rs7566)	 CC	 45	 57.7	 11	 30.6
	 CT	 25	 32.1	 20	 55.6	 3.273	 1.353–7.917	 0.009*

	 TT	 8	 10.3	 5	 13.9	 2.557	 0.699–9.357	 0.156
	 CT+TT	 33	 32.4	 25	 69.5	 3.099	 1.339–7.175	 0.008*

CRT, chemoradiotherapy; CR, complete remission; Non-CR, not complete remission; OR, odds ratio; CI, confidence interval.  *P<0.05 was shown in bold.
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