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Purpose: The prognostic value of serum calcium levels in nasopharyngeal carcinoma (NPC)
remains unknown. This study aimed to evaluate the prognostic value of serum calcium levels
in patients with NPC.

Patients and Methods: A total of 2094 patients diagnosed with NPC between April 2009
and September 2012 were enrolled in this retrospective analysis. The median follow-up time
was 96.3 months (range: 4.1-120.0 months). Univariate and multivariable Cox proportional
hazards models were used to identify significant and independent prognostic predictors of
overall survival (OS), disease-free survival (DFS), distant metastasis-free survival (DMFS),
and relapse-free survival (RFS).

Results: Overall, low serum calcium levels were detected in 1109/2094 (53.00%) patients
and tended to be more frequently detected in older (P<0.001) and female (P=0.001) patients.
Patients with low serum calcium levels had poorer OS (P=0.011), DFS (P=0.012) and DMFS
(P=0.004) than those with high serum calcium levels, but serum calcium levels had no
significant effect on RFS (P=0.376). In univariate and multivariable analyses, low serum
calcium levels were a statistically significant and independent prognostic factor for OS, DFS,
and DMFS but had no prognostic value for RFS.

Conclusion: Serum calcium levels can serve as a prognostic predictor and guide more
individualized treatment for NPC patients.
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Plain Language Summary

1. Due to the lack of effective methods to predict the clinical outcomes of patients with
nasopharyngeal carcinoma (NPC), we carried out this study using a large database to
evaluate the predictive value of serum calcium in NPC.

2. We found that serum calcium levels can serve as an effective predictor of the clinical
outcome of NPC. NPC patients with low serum calcium levels had worse survival. It
is useful to monitor serum calcium levels before antitumour treatment to provide
patients with NPC with more individualized treatment, ultimately improving the
prognosis and prolonging the survival of NPC patients.

Introduction

Nasopharyngeal carcinoma (NPC) is a squamous cell carcinoma arising from the naso-
pharynx and is mainly distributed in east and southeast Asia.' There were approximately
129,079 newly diagnosed NPC patients and 72,987 patients who died of NPC in 2018
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according to global cancer data.” Because the primary tumour
is close to the skull base and highly sensitive to radiotherapy,
radiotherapy alone is the main treatment for early-stage NPC
patients, and radiotherapy combined with chemotherapy is
mainly administered to advanced disease patients.*
Regardless of the tumour biological heterogeneity, the anat-
omy-based tumour-node-metastasis (TNM) staging system is
awidely used tool for predicting clinical outcomes or treatment
benefits.” Additionally, other specific biological markers, such
as Epstein-Barr virus (EBV) DNA®’ and serum lactate dehy-
drogenase (LDH) levels,*’ have been found to provide addi-
tional prognostic information for NPC patients.

Calcium ions are the most common second messengers
that widely regulate diverse cellular function.'® Abnormal
calcium homeostasis has been reported to participate in reg-
ulating many cancer-associated biological processes, such as
cell proliferation, death, migration and invasion, suggesting
that calcium plays an important role in the development of
cancer.'' Currently, some studies have reported that serum
calcium was associated with the risk of cancers, such as
prostate cancer,'>'* bladder cancer'* and melanoma."
identified as
a prognostic indicator for many human malignancies, includ-

Moreover, serum calcium has been
ing pancreatic ductal adenocarcinoma,'® non-small cell lung
cancer,'’ multiple myeloma,'® prostate cancer,' and renal
cell carcinoma.? In NPC, two studies reported that hypocal-
caemia was detected in patients treated with amifostine, one
of the most frequently used radioprotectors.?'** However,
studies have not explored the association between serum
calcium levels and prognosis, so the prognostic value of
serum calcium in patients with NPC remains unknown.
Therefore, we performed this large-scale retrospective
study to analyse baseline serum calcium levels and evalu-
ate the role of serum calcium in the survival of NPC to

adjust treatment strategies for patients with NPC.

Patients and Methods

Patient Selection

The present longitudinal retrospective study was conducted
with NPC patients treated with intensity-modulated radiother-
apy (IMRT) at Sun Yat-Sen University Cancer Center
(SYSUCC, Guangzhou, People’s Republic of China) between
April 2009 and September 2012. A total of 2094 patients were
enrolled in the study, and they met the following eligibility
criteria: 1) histologically proven NPC; 2) no evidence of dis-
tant metastasis; 3) no anticancer treatment before collecting the
blood sample; 4) no prior history of malignancies; and 5)

availability of complete medical records, including data on
patient history and haematological profiles.

Pretreatment Evaluation

All eligible patients completed routine pretreatment evalua-
tion, including complete patient history, physical examination,
haematology and biochemistry profiles, fibre-optic nasophar-
yngoscopy, histopathological diagnosis, magnetic resonance
imaging (MRI) of the nasopharynx and neck, chest radiogra-
phy, abdominal ultrasonography, and whole body bone scam
using single-photon emission computed tomography (ECT) or
18F-fluorodeoxyglucose positron emission tomography/com-
puted tomography (PET/CT). For cigarette smoking, smoker
was defined as those who had smoked 100 cigarettes or more
during their lifetime; for alcohol drinking, drinker was defined
as those who had consumed alcohol in their lifetime. All
patients were restaged according to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging system.
According to WHO criteria in 1978, NPC patients were classi-
fied into type I (keratinizing squamous cell carcinoma), type II
(differentiated nonkeratinizing carcinoma) and type III (undif-
ferentiated nonkeratinizing carcinoma). To minimize hetero-
geneity, all MRI materials and clinical documents were
independently reviewed by two radiation oncologists specia-
lizing in head and neck cancer, and any disagreements were
settled by consultation.

Laboratory Measurement of Serum

Calcium Levels

All patients enrolled in this study had serum calcium levels
measured at the time of first diagnosis at our hospital before
receiving any antitumour treatment. In brief, peripheral blood
was separated by centrifugation at 3000 x g for 5 min. The
upper-layer serum samples were carefully placed in Eppendorf
tubes. Serum calcium levels and serum albumin levels were
measured using a Hitachi Automatic Analyzer 7600-020
(Hitachi High-Technologies, Tokyo, Japan), and the coefficient
of variance of calcium measurement was <5.0%. Serum cal-
cium levels were corrected by albumin using the following
formula: albumin-corrected calcium (mmol/L) = serum total
calcium level (mmol/L) + (40-serum albumin level) x 0.02
mmol/L.

Treatment

The target volumes of the nasopharyngeal tumour and
malignant neck lymph nodes were treated with definitive
IMRT. The prescribed doses were 6672 Gy (28-33
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fractions) to the planning target volume (PTV) of the
primary gross tumour volume (GTVnx), 64-70 Gy
(28-33 fractions) to the PTV of the GTV of the malig-
nant lymph nodes (GTVnd), 60-63 Gy to the PTV of the
high-risk clinical target volume (CTV1), and 54-56 Gy
to the PTV of the low-risk clinical target volume
(CTV2). During this study period, radiotherapy alone
was recommended for stage I patients, concurrent che-
moradiotherapy (CCRT) for stage II patients, and CCRT
with or without induction/adjuvant chemotherapy (IC/
AC) for stage III-IVB patients, according to our institu-
tional guidelines. Salvage treatments such as surgery
and chemotherapy were provided when the disease
relapsed or persisted.

Patient Follow-Up

Patients returned for follow-up at least once every
three months in the first two years, every six months
in years three to five, and every year thereafter. The
follow-up duration was measured from the first day of
treatment to either the day of death or the last visit.
Four endpoints were assessed: overall survival (OS),
disease-free survival (DFS), distant metastasis-free sur-
vival (DMFS), and relapse-free survival (RFS). We
defined OS as the time from the first day of treatment
to the date of death from any cause; DFS as the time to
disease progression or death from any cause, whichever
occurred first; DMFS as the time to the occurrence of
distant metastasis of the disease; and RFS as the time
to disease relapse.

Statistical Analysis

The Statistical Package for Social Sciences, version
22.0 (SPSS, Inc., Chicago, IL, USA) was used for all
statistical analyses. The chi-square test or Fisher’s
exact test was used to compare differences in the clin-
ical characteristics of the different serum calcium level
groups. Life-table estimation was calculated by the
Kaplan—Meier method, and the differences were com-
pared using the Log rank test. Univariate and multi-
variate analyses with the Cox proportional hazards
model were used to test for independent significance
by the backward elimination of nonsignificant vari-
ables. The covariates in the models included age, sex,
smoking, drinking, family history of cancer, serum
calcium level, World Health Organization (WHO)
type, TNM stage and chemotherapy. A P value <0.05

was considered statistically significant. All tests were
two-sided.

Results

Patient Characteristics

The baseline characteristics of the enrolled patients are
displayed in Table 1. Of the 2094 patients, 528 (25.2%)
patients were female, and 1566 (74.8%) were male. The
median age was 45 years (range, 18—78 years). According
to the 8™ AJCC staging system, 540 (25.8%) patients were
classified as having early-stage disease (stage I, II),
whereas 1554 (72.3%) were classified as having advanced-
stage disease (stage III, IV). All of the patients received
radical radiotherapy, and 1775 (84.8%) of them also
received platinum-based IC or AC.

The median follow-up time for this retrospective
study was 96.3 months (range: 4.1-120.0 months). Of
all patients, disease progression, locoregional recur-
rence, distant metastasis and death from any cause
occurred in 582 (27.8%), 490 (11.9%), 310 (14.8%)
and 448 (21.4%) patients, respectively. In the entire
cohort, the five-year OS was 85.3%, DFS was 77.6%,
DMFS was 86.6% and RFS was 89.6%.

Correlations of Serum Calcium Levels

with Patient Characteristics

The mean (+SD) serum calcium level in the entire cohort
was 2.43+0.13 mmol/L, ranging from 1.46 to 2.86 mmol/
L. We used 2.23 mmol/L calculated by receiver operating
characteristic (ROC) curves as the cut-off point to divide
patients into two groups: the low serum calcium level
group and the high serum calcium level group. A total of
1109/2094 (53.0%) patients had reduced serum calcium
levels (Table 2). We found that low serum calcium levels
tended to be detected in older patients (>45 years,
P<0.001, Table 2) and in females (P=0.001, Table 2).
Furthermore, there were no significant differences in the
serum calcium levels of the entire cohort in terms of
smoking, drinking, family history of cancer, WHO type,
T category, N category, TNM stage, and chemotherapy.

Prognostic Value of Serum Calcium Levels
in NPC

We further analysed the effect of serum calcium levels on
NPC patient survival. In the low serum calcium level group,
264/1109 (23.8%), 332/1109 (29.9%), 187/1109 (16.9%) and
125/1109 (11.3%) patients arrived at the endpoint events of
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Table | Baseline Characteristics of 2094 Patients with  Table 2 Baseline Characteristics of Nasopharyngeal Carcinoma
Nasopharyngeal Carcinoma Patients with Low or High Serum Calcium Levels
Characteristic No. of Patients (%) Characteristic Serum Calcium Levels P valuef
Age, year <2.23 mmol/ >2.23 mmol/
Median 45 L, n (%) L, n (%)
Range 18-78
Age
Sex < 45 years 531 (47.9) 587 (59.6) <0.001
Female 528 (25.2) > 45 years 578 (52.1) 398 (40.4)
Male 1566 (74.8)
Sex
Smoking Female 314 (28.3) 214 (21.7) 0.001
No 1336 (63.8) Male 795 (71.7) 771 (78.3)
Yes 758 (36.2) ]
Smoking
Drinking No 703 (63.4) 633 (64.3) 0.678
No 1843 (88.0) Yes 406 (36.6) 352 (35.7)
Yes 251 (12.0) .
Drinking
Family history of cancer No 968 (87.3) 875 (88.8) 0.277
No 1502 (71.7) Yes 141 (12.7) 110 (11.2)
Yes 592 (28.3) . .
Family of history
WHO type cancer
| 11 (0.5) No 795 (71.7) 707 (71.8) 0.963
I 98 (4.7) Yes 314 (28.3) 278 (28.2)
1] 1985 (94.8)
WHO type
T category* | 5(0.5) 6 (0.6) 0.617
TI 350 (16.7) 1+ 1104 (99.5) 979 (99.4)
T2 350 (16.7)
T category*
T3 991 (47.3)
TI 177 (16.0) 173 (17.6) 0.337
T4 403 (19.2)
T2 188 (17.0) 162 (16.4)
N category* T3 542 (48.9) 449 (45.6)
NO 355 (17.0) T4 202 (18.2) 201 (20.4)
NI 1189 (56.8)
N category*
N2 335 (16.0)
NO 180 (16.2) 175 (17.8) 0.186
N3 215 (10.3)
NI 616 (55.5) 573 (58.2)
TNM stage* N2 190 (17.1) 145 (14.7)
| 121 (5.8) N3 123 (11.1) 92 (9.3)
I 419 (20.0)
TNM stage*
1] 974 (46.5)
| 64 (5.8) 57 (5.8) 0.741
v 580 (27.7)
1l 215 (19.4) 204 (20.7)
Chemotherapy 1] 528 (47.6) 446 (45.3)
No 319 (15.2) v 302 (27.2) 278 (28.2)
Yes 1775 (84.8)
Chemotherapy
Note: *According to the 8" AJCC/UICC staging system. No 174 (15.7) 145 (14.7) 0.538
Abbreviation: WHO, World Health Organization. Yes 935 (84.3) 840 (85.3)

OS, DFS, DMFS and RFS. Then, we found that patients with
low serum calcium levels had significantly worse 5-year OS
(86.6% vs 84.0%, P=0.011, Figure 1A), 5-year DFS (79.5%
vs 75.9%, P=0.012, Figure 1B) and 5-year DMFS (88.4% vs
84.9%, P=0.004, Figure 1D) rates than patients with high

Notes: TP value was calculated using the chi-square test or Fisher’s exact test*
According to the 8" AJCC/UICC staging system.
Abbreviation: WHO, World Health Organization.

serum calcium levels. However, we failed to find a significant
difference in the 5-year RFS rates (89.3% vs 89.9%, P=0.376,
Figure 1C) between the two groups of patients.
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Figure | Kaplan-Meier analysis of survival probabilities of NPC patients stratified by serum calcium level. (A) Overall survival, (B) disease-free survival, (C) relapse-free

survival, (D) distant metastasis-free survival.

Serum Calcium Levels Were an
Independent Prognostic Factor in NPC
We finally performed univariate analysis and multivariate
analysis to explore prognostic factors for NPC patients.
Univariate analysis showed that low serum calcium levels
were a statistically significant prognostic factor for OS
(hazard ratio (HR): 1.33, 95% confidence interval (95%
CI): 1.10-1.61, P=0.003, Table 3), DFS (HR: 1.23, 95%
CI: 1.05-1.45, P=0.012, Table 3), and DMFS (HR: 1.39,
95% CI: 1.11-1.75, P=0.004, Table 3). In contrast, low
serum calcium levels had no prognostic impact on RFS
(HR: 0.93, 95% CI: 0.72-1.19, P=0.540).

Multivariate analysis showed the same results as uni-
variate analysis (Table 4). After adjusting for various con-
founding variables in a Cox proportional hazards model,
serum calcium levels were significantly independently

associated with OS (HR: 1.28, 95% CI. 1.06-1.55,
P=0.011, Table 4), DFS (HR: 1.19, 95% CI: 1.01-1.40,
P=0.043, Table 4), and DMFS (HR:1.43, 95%
CI:1.14-1.80, P=0.002, Table 4), but failed to predict
RFS independently.

Discussion

Currently, a large body of evidence suggests that high serum
calcium levels are associated with the risk of tumorigenesis
and progression. Szendroi et al found that higher corrected
serum calcium level independently increased the risk of
prostate cancer.'? Skinner et al found that man in the highest
total serum calcium had increased risk of prostate cancer
death."® Huang et al found that high serum calcium level
predicted bone metastases in bladder cancer patients.* Datta
et al found high albumin-corrected calcium was positively
related to disease progression.'” But the role of serum
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Table 3 Univariate Analysis of Prognostic Factors in Patients
with Nasopharyngeal Carcinoma

Table 4 Multivariable Analysis of Prognostic Factors in Patients
with Nasopharyngeal Carcinoma

Note: TP value was calculated using the univariate Cox proportional hazards model.
Abbreviations: WHO, World Health Organization; HR, hazard ratio; 95% Cl, 95%
confidence interval.

calcium in the prognosis of human malignancies remains
controversial. Dong et al found that high serum calcium
level could predict death of patient with resectable pancrea-
tic ductal adenocarcinoma within one year after surgery.'®
Tucci et al found that hypercalcemia was significantly

Variable Univariate Analysis Variable Univariate Analysis
HR | 95% CI P-value! HR | 95% Cl | P-valuel
Overall survival Overall survival
Age (>45 years vs <45 years) 1.61 | 1.34-1.94 <0.001 Age (>45 years vs <45 years) 1.54 | 1.25-1.82 | <0.001
Sex (Female vs Male) 0.74 | 0.59-0.93 0.010 Sex (Female vs Male) 0.75 | 0.59-0.94 | 0.013
Smoking (Yes vs No) I41 1 1.17-1.69 | <0.001 Serum calcium level (Low vs High) | 1.28 | 1.06-1.55 | 0.011
Drinking (Yes vs No) [.10 | 0.83-1.45 | 0501 TNM stage (IlI-V vs I-I) 2.57 | 1.87-3.52 | <0.001
Family history of cancer (Yes vs No) | 0.86 | 0.69-1.06 0.147
Serum calcium level (Low vs High) | 1.33 | 1.10-1.61 | 0.003 Disease-free survival
WHO type (II+l1l vs I) 048 | 0.18-1.29 0.146 Age (>45 years vs <45 years) 1.36 | 1.15-1.61 | <0.001
TNM stage (IlI-IV vs I-I) 294 | 220-393 | <0.00! Smoking (Yes vs No) 122 | 1.03-1.44 | 0.022
Chemotherapy (No vs Yes) 2.12 | 1.51-2.96 <0.001 Serum calcium level (Low vs High) | 1.19 | 1.01-1.40 | 0.043
WHO type (II+1l vs 1) 041 | 0.17-1.00 | 0.049
Disease-free survival TNM stage (I-IV vs Il) 216 | 1.72-272 | <0.001
Age (>45 years vs <45 years) 144 | 1.22-1.69 <0.001
Sex (Female vs Male) 0.79 | 0.65-0.97 0.020 Distant metastasis-free survival
Smoking (Yes vs No) 1.33 | 1.13-1.57 0.001 Sex (Female vs Male) 0.64 | 0.48-0.86 | 0.003
Drinking (Yes vs No) 1.21 | 0.96-1.53 0.107 Serum calcium level (Low vs High) | 1.43 | 1.14-1.80 | 0.002
Family history of cancer (Yes vs No) | 0.83 | 0.69-1.00 0.046 TNM stage (II-1V vs |-I) 2.76 | 1.96-3.89 | <0.001
Serum calcium level (Low vs High) 1.23 | 1.05-1.45 0.012
WHO type (II+1l vs 1) 049 | 020-1.18 | 0.113 Relapse-free survival
TNM stage (II-IV vs I-Il) 224 | 178282 | <0.001 VVHO type (Ill vs I+1]) 0.24 | 0.09-0.65 | 0.005
Chemotherapy (No vs Yes) 168 | 128-2.19 <0.001 TNM stage (III-IV vs I-1) 1.53 | 0.57-1.03 | 0.008
Notes: TP value was calculated using the multivariable Cox proportional hazards
Distant metastasis-free survival model. The following parameters were included as covariates in the Cox propor-
Age (>45 years vs <45 years) 1.21 | 0.97-1.52 0.089 tional hazards model by backward elimination: age (245 vs <45 years), sex (Female
Sex (Female vs Male) 0.65 | 0.48-0.86 0.003 vs Male), smoking (Yes vs No), drinking (Yes vs No), family history of cancer (Yes vs
Smckin s v o) 7 | L7 oy | s e o A e (e 1 e 0 TS
Drinking (Yes vs No) 1.23 | 0.89-1.69 0.203 Abbreviations: WHO, World Health Organization; HR, hazard ratio; 95% Cl, 95%
Family history of cancer (Yes vs No) | 0.92 | 0.71-1.18 | 0.487 confidence interval.
Serum calcium level (Low vs High) 1.39 | I.11-1.75 0.004
WHO type (II+11l vs 1) 1.49 | 021-10.61 | 0.691 ) ) )
TNM stage (I-IV vs Il) 281 | 1.99-396 | <0.001 associated with poor prognosis and adverse skeletal-
Chemotherapy (No vs Yes) 1.90 | 1.29-2.80 | 0.001 related events of patients with hormone-refractory bone
Relapse-free survival metastatic prostate cancer.'” Papworth et al found that
Age (>45 years vs <45 years) 119 | 093152 | 0177 renal cell carcinoma patients with hypercalcemia had
Sex (Female vs Male) 1.06 | 0.80-1.26 | 0.672 a significantly poorer survival time.”” But Shen et al found
Smoking (Yes vs No) 0.97 1 0.75-1.70 | 0822 that lower blood calcium levels predicted poor prognosis
Drm.kmg, (Yes vs No) 110/ 076-1.59 1 0625 and increased the risk of bone metastasis of non-small cell
Family history of cancer (Yes vs No) | 0.77 | 0.57-1.03 0.076 17 . .
Serum calcium level (Low vs High) | 093 | 0.72-1.19 | 0.540 lung cancer.”* And Maillet et al found that normal calcium
WHO type (I1+11l vs 1) 0.25 | 0.09-0.68 | 0.006 levels were related to better overall survival of multiple
TNM stage (IlIIV vs I-11) 1.54 | 113-2.11 | 0.007 myeloma patients.'® Tucci et al found that hypercalcemia
Chemotherapy (No vs Yes) 169 | 127236 | 0013 was significantly associated with poor prognosis and

adverse skeletal-related events of patients with hormone-
refractory bone metastatic prostate cancer.'® Papworth et al
found that renal cell carcinoma patients with hypercalcemia
had a significantly poorer survival time.>° However, studies
regarding the association between serum calcium levels and
the prognosis of NPC have not yet been conducted, and the
role of serum calcium levels in the prognosis of NPC

remains unknown. Here, we conducted a retrospective
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study to evaluate the potential prognostic value of serum
calcium levels in previously untreated NPC patients from
a large institution in an endemic area. To the best of our
knowledge, this is the first large-scale cohort study of NPC
patients, and the study convincingly revealed the inferior
prognostic value of low serum calcium levels. Therefore,
monitoring the serum calcium level in newly diagnosed
NPC patients can provide a basis for more individualized
treatment, ultimately improving the prognosis and prolong-
ing the survival of NPC patients.

In the present study, nearly 53.0% (1109/2094) of NPC
patients were complicated with low serum calcium levels,
which was a fairly frequent event, indicating a close rela-
tionship between serum calcium and NPC. We further found
that NPC patients with low serum calcium levels had infer-
ior OS, DFS and DMFS, and the serum calcium level was an
independent predictor of PFS, CSS, and OS after adjusting
for various confounding factors. However, the reasons
explaining the association between serum calcium and
poor prognosis remain unclear. It is well known that calcium
ions are mainly stored in bones, accounting for 99% of the
body’s calcium ions.>* Calcium homeostasis is mainly main-
tained by parathyroid hormone, the intestine and the
kidney.>**> And tumour bone metastases can be divided
into osteolytic metastases and osteoblastic metastases, and
the two processes are almost interrelated and coupled.”® In
NPC, endothelin-1 and insulin-like growth factors 1, both

6 were

are mitogenic factors driving osteoblast proliferation,”
elevated and promoted migration.”’ >* Moreover, RANK,
which is expressed by osteoclasts, was also detected in
clinical NPC tissue.* These studies suggest that osteoblastic
and osteolysis may be involved in the process of bone
metastases of NPC. Therefore, we speculate that osteoblastic
metastases increase calcium and phosphate deposition in
bone, resulting in a decrease in serum calcium levels. Low
serum calcium levels induce osteoporosis by compensatory
stimulating the secretion of parathyroid hormone and enhan-
cing the release of calcium from the bone in NPC, which
provides favourable conditions for tumour cells to invade
the bone.'” Bone metastasis is closely associated with dis-
ease progression and patient survival, so this speculation
may also be the reason why serum calcium has no predictive
value for RFS, which mainly involves the recurrence of
tumours in local nasopharyngeal areas and cervical lymph
node drainage areas. Furthermore, this view needs to be
verified in future experiments.

Our results highlight the need for more research on pre-
cise molecular mechanisms to explain the role of calcium

ions in NPC biological processes. Calcium ions are the most
common second messengers, and a large body of evidence
suggests that abnormal calcium homeostasis participates in
regulating many cellular processes, such as cell proliferation,
death, migration and invasion.!** In NPC, TRPM7, a novel
regulator of calcium ion influx, promoted 5-8F cell
migration.”> CACNA2D3, an auxiliary component of the
voltage-dependent calcium channel complex, can induce
mitochondrial-mediated apoptosis and inhibit cell prolifera-
tion, invasion and EMT by increasing intracellular calcium
ion concentrations.>® Store-operated Ca** entry (SOCE) pro-
motes NPC cell migration by regulating oncogenic Ca*"
signalling.®” S100 calcium-binding protein A14 (S100A14),
containing an EF-hand motif capable of binding calcium, has
a feedback loop with IRAK1 to suppress NPC cellular
migration.”® However, the specific molecular mechanism of
calcium ions and their regulators involved in the malignant
biological process of NPC is still unclear, and further
research is needed to deepen our understanding of the role
of calcium ions in NPC.

Although our study has obvious strengths, including the
use of a large database, the limitations in our design cannot
be ignored. First, bias is inevitable because of the retrospec-
tive nature of the analysis. We used a large sample cohort
study to minimize bias. Second, our study is a single-centre
study, and our results should be validated in NPC patients
from other research institutions to increase the scope of the
application of the results. Third, serum calcium levels are
regulated by parathyroid hormone.** However, patients with
parathyroid dysfunction before NPC diagnosis could not be
ruled out due to the lack of relevant clinical information.
Studies on serum calcium without neglecting the regulators
of calcium homeostasis need to be carried out in the future.

Conclusion

Our retrospective study is the first to evaluate the prog-
nostic value of serum calcium levels for patients with
NPC. This study convincingly demonstrated that NPC
patients with low serum calcium levels had worse survival
than those with high serum calcium levels, and serum
calcium levels can act as an independent prognostic indi-
cator, which will lead to more accurate individualized
treatment for NPC patients.
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