
The significant survival advantage
of female sex in nasopharyngeal carcinoma:
a propensity-matched analysis
P-Y OuYang1,3, L-N Zhang1,3, X-W Lan1,3, C Xie2, W-W Zhang1, Q-X Wang1, Z Su1, J Tang1 and F-Y Xie*,1

1Department of Radiation Oncology, Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China,
Collaborative Innovation Center for Cancer Medicine, No. 651 Dongfeng Road East, Guangzhou, 510060 Guangdong, China and
2Department of Neurology, Jiangxi Provincial People’s Hospital, Nanchang, Jiangxi, China

Background: Whether females have better survival than males in nasopharyngeal carcinoma is barely acknowledged and the
exact explanations remain unknown.

Methods: Overall, 5929 patients receiving treatment between January 2005 and December 2010 were separately stratified by
stage into early and advanced stage groups, and by age into premenopausal (p45 years), menopausal (46–54 years) and
postmenopausal (X55 years) groups. Matched males and females in each group were identified using the propensity score
matching method. Differences in disease-free survival (DSS), overall survival (OS), distant metastasis-free survival (DMFS) and
locoregional relapse-free survival (LRFS) were estimated by the Kaplan–Meier method and Cox regression model.

Results: Overall, 398, 923, 744, 319 and 313 pairs of males and females were matched in early stage, advanced stage,
premenopausal, menopausal and postmenopausal group, respectively. Females showed significant advantage over males across
all end points in both early and advanced stage groups (Pp0.042). However, this advantage persisted at premenopausal age
(Pp0.042), declined during menopause (DMFS, P¼ 0.021; DSS, P¼ 0.100; OS, P¼ 0.693; LRFS, P¼ 0.330) and totally disappeared
at postmenopausal age (PX0.344).

Conclusions: Sex significantly affects NPC survival, with a definite female advantage regardless of tumour stage. Intrinsic biologic
traits appear to be the exact explanation according to the declining magnitude of sex effect with age.

Nasopharyngeal carcinoma (NPC) is a malignancy with unique
geographic distribution. It is rare in Europe and the United States,
with an incidence of 0.5–2 per 100 000 (Ferlay et al, 2004). By
contrast, NPC is endemic in Southern China (Cao et al, 2011) and
Hong Kong (Chang and Adami, 2006) where the incidence can be
as high as 20–30 per 100 000. There is a common feature of the
incidence rates almost in all populations—the male predominance,
with a male-to-female ratio of 2–3 : 1 (Ferlay et al, 2004).

With regard to the prognostic effect of sex on the treatment
outcomes of patients with established NPC, significant female
advantage in survival was found in a randomised controlled trial
about chemotherapy (Lee et al, 2005), but null results were

reported in the other three trials (Chen et al, 2011, 2012; Fountzilas
et al, 2012). Although female NPC patients were found to have
higher survival rates than male counterparts in a retrospective
comparison (Xiao et al, 2013), the causes remain confused. It was
previously assumed that behavioural differences across sex,
especially diagnostic delays, might contribute to the observed sex
differences in survival of caner of oesophagus (Bohanes et al, 2012)
and melanoma (Joosse et al, 2013). According to the population-
based evidence of age-dependent sex ratio in the incidence of NPC
with an inflection at menopause ages and a delay of developing
NPC in females before menopause (Xie et al, 2013), we proposed
another hypothesis of the intrinsic biologic sex differences, mainly
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about the protective effect of oestrogen. If the first assumption in
other cancers can be applied to NPC, then it is of great necessity to
fully balance the interactions of sex and other behavioural
prognoses, especially tumour stage. If the second hypothesis holds,
then it is important to detect the survival advantage of female sex
in all types of disease progression (e.g., both locoregional relapse
and distant metastasis) on one side, and no survival superiority of
female sex among postmenopausal patients on the other.

To well balance the influence of covariates, we compared the
survival outcomes of male and female NPC patients using the
propensity score matching method (Baser, 2006; Austin, 2009) and
multivariate analysis. To clarify the exact explanations, the
influence of behavioural factors and intrinsic biologic trait was
further analysed by assessing the magnitude of the prognostic
effect of sex in different groups.

PATIENTS AND METHODS

Patients. This retrospective study was approved by the Institu-
tional Review Board at Sun Yat-sen University Cancer Center, and
individual informed consent was waived given the anonymous
analysis of routine data. Between January 2005 and December
2010, 5929 newly diagnosed, biopsy-proven, non-metastatic and
hospitalised NPC patients who were at the age of 20 or above were
entered into this study. All patients had complete pretreatment
evaluation including patient history, physical examination, hae-
matology and biochemistry profiles, fiberoptic nasopharyngoscopy
with biopsy, magnetic resonance imaging (MRI) of the nasopharynx
and neck, chest radiography, abdominal sonography and Techne-
tium-99 m-methylene diphosphonate (Tc-99-MDP) whole-body
bone scan. Patients were restaged according to the seventh edition
of the International Union against Cancer/American Joint
Committee on Cancer staging system for NPC (Edge et al, 2010).

Treatment. All patients were treated by definitive intensity-
modulated radiotherapy (IMRT) or conventional radiotherapy
(CRT) with or without chemotherapy. Further details of the
radiation techniques used at our centre have been described
previously (Lai et al, 2011). Institutional guidelines recommended
no chemotherapy for patients in early stage, and induction,
concurrent and adjuvant chemotherapy or combined treatment for
those in locoregionally advanced stage. Induction or adjuvant
chemotherapy consisted of cisplatin with 5-fluorouracil, cisplatin
with taxane or triplet of cisplatin and 5-fluorouracil plus taxane
every 3 weeks for 2–3 cycles. Concurrent chemotherapy consisted of
cisplatin given on weeks 1, 4 and 7 of radiotherapy or cisplatin given
weekly. Deviation from the institutional guidelines was result from
organ dysfunction, treatment intolerance and/or patient refusal.

Follow-up. Patients were examined every 3–6 months during the
first 3 years, with follow-up examinations every 6–12 months
thereafter until death. During this period, patients were assessed by
history and physical examination and a series of conventional
examination equipment at each follow-up visit, to detect the
possible relapse or distant metastasis. Local relapses were
confirmed by biopsy, MRI scan, or both. Regional relapses were
diagnosed by clinical examination and an MRI scan of the neck
and, in doubtful cases, by fine needle aspiration of the lymph
nodes. Distant metastases were diagnosed by clinical symptoms,
physical examinations and imaging methods including chest
radiography, bones scan, MRI and abdominal sonography. Patients
without recent examination tests in the medical records were
followed up by telephone call.

Statistical analysis. We selected male patients who were matched
with the female counterparts using propensity score matching.
This is a method for creating similar case (female) and control

(male) sets from an existing data set on the presumed covariates, to
reduce possible biases to a minimum in a retrospective analysis
(D’Agostino, 1998). Propensity scores were computed by logistic
regression for each patient based on the following covariates,
including age, smoking, drinking, histology, titres of immunoglo-
bulin A against viral capsid antigen (VCA-IgA) and early antigen
(EA-IgA), body mass index (BMI), T-stage, N-stage, clinical stage,
radiation techniques and chemotherapy regimens. Female and
male patients were then matched without replacement at the ratio
of 1 : 1 on those scores, rather than the individual covariates.

To test the individual hypothesis, 5929 patients were indepen-
dently stratified by clinical stage and age into five groups: early
stage (stage Iþ II) group and advanced stage (stage IIIþ IVa-b)
group according to clinical stage; premenopausal age (p45 years)
group, menopausal age (46–54 years) group and postmenopausal
age (X55 years) group according to age. Propensity score
matching was utilised to identify the matched female and male
patients in each group for subsequent analysis.

Covariates balance between female and male was examined by
t test (continuous variable), w2 test or Fisher’s exact test (categorical
variable) as appropriate. Disease-specific survival (DSS), overall
survival (OS), distant metastasis-free survival (DMFS) and
locoregional relapse-free survival (LRFS) were estimated with the
Kaplan–Meier method (Kaplan and Meier, 1958). Crude and
adjusted hazard ratios with 95% confidence intervals for sex (with
male sex as reference) were calculated using Cox regression
analysis or Cox regression model with time-dependent covariates if
the proportional hazards assumption did not hold (Cox, 1972).
DSS, OS, LRFS and DMFS were defined as the time from treatment
to death resulting from NPC or treatment complications, to death
from any cause, to the first locoregional relapse and to the first
distant metastasis, respectively.

All statistical analyses were performed using IBM SPSS Statistics
version 22.0 (http://www-01.ibm.com/software/analytics/spss/downloads.
html). Two-sided P-valueso0.05 were considered to be significant.

RESULTS

Patients. From the original 473 female vs 1274 male patients with
stage I/II and 1029 female vs 3153 male patients with stage III/IVa-b
(Supplementary Table 1), 398 and 923 pairs were respectively
selected by propensity score matching (Table 1). The median
follow-up time for the included patients in both groups was 61.78
months (4.37–109.23 months) and 53.65 months (3.50–110.67
months), respectively.

From the original 821 female vs 2194 male patients at
premenopausal age, 359 female vs 1181 male patients
at menopausal age and 322 female vs 1052 male patients at
postmenopausal age (Supplementary Table 2), 744, 319 and 313
pairs were respectively selected by propensity score matching
(Table 2). The median follow-up time for the included patients in
the three groups was 58.27 months (3.50–110.67 months), 54.67
months (3.73–109.23 months) and 50.97 months (3.67–111.07
months), respectively.

The baseline characteristics of all patients before matching
(Supplementary Tables 1 and 2) and the excluded patients by
matching (Supplementary Tables 3 and 4) were statistically
different across sex. However, the included males and females
after matching in each group had similar mean of age and BMI,
smoking status, drinking status, histology, titres of VCA-IgA and
EA-IgA, T-stage, N-stage, clinical stage, radiation techniques and
chemotherapy regimens (Tables 1 and 2).

Survival outcomes. Compared with male patients, female coun-
terparts showed significant advantage across all end points in both
early stage (DSS rates at 5 years 97.1% vs 91.7%, P¼ 0.002; OS rates
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at 5 years 97.1% vs 91.7%, P¼ 0.003; DMFS rates at 5 years 97.9%
vs 93.4%, P¼ 0.006; and LRFS rates at 5 years 94.8% vs 92.0%,
P¼ 0.017; Figure 1A–D) and advanced stage groups (DSS rates at

5 years 86.2% vs 80.7%, P¼ 0.014; OS rates at 5 years 85.8% vs
80.6%, P¼ 0.021; DMFS rates at 5 years 85.5% vs 80.4%, P¼ 0.006;
and LRFS rates at 5 years 91.5% vs 87.5%, P¼ 0.042; Figure 1E–H).

Table 1. Baseline characteristics in early and advanced stage groups

Early stage (Iþ II) Advanced stage (IIIþ IVa-b)

Male
(n¼398)

Female
(n¼398)

Male
(n¼923)

Female
(n¼923)

No. % No. % P No. % No. % P
Age 0.501 0.493

Mean 44.6 45.1 45.1 44.7
SD 10.7 11.1 11.9 11.0
Median 44.0 44.0 44.0 44.0

Smoking 1.000 0.880

Ever 5 1.3 5 1.3 23 2.5 22 2.4
Never 393 98.7 393 98.7 900 97.5 901 97.6

Drinking 1.000a 0.283

Ever 1 0.3 0 0 9 1.0 5 0.5
Never 397 99.7 398 100.0 914 99.0 918 99.5

Histologyb 0.785 0.404

Iþ II 28 7.0 30 7.5 58 6.3 67 7.3
III 370 93.0 368 92.5 865 93.7 856 92.7

VCA-IgAc 0.506 0.175

o80 136 34.2 144 36.2 216 23.4 234 25.4
80–320 194 48.7 178 44.7 487 52.8 447 48.4
X320 68 17.1 76 19.1 220 23.8 242 26.2

EA-IgAc 0.994 0.594

o10 220 55.3 220 55.3 392 42.5 395 42.8
10–40 116 29.1 115 28.9 311 33.7 293 31.7
X40 62 15.6 63 15.8 220 23.8 235 25.5

BMI 0.606 0.916

Mean 23.0 22.9 22.4 22.4
SD 2.9 3.2 3.0 3.8
Median 22.9 22.8 22.3 22.0

T-stage 0.722 0.763

T1 181 45.5 186 46.7 33 3.6 41 4.4
T2 217 54.5 212 53.3 65 7.0 59 6.4
T3 — 489 53.0 487 52.8
T4 — 336 36.4 336 36.4

N-stage 0.594 0.518

N0 123 30.9 130 32.7 128 13.9 119 12.9
N1 275 69.1 268 67.3 500 54.2 513 55.6
N2 — 236 25.6 245 26.5
N3 — 59 6.4 46 5.0

Clinical stage 0.653 0.705

I 74 18.6 79 19.8 — —
II 324 81.4 319 80.2 — —
III — 541 58.6 549 59.5
IV — 382 41.4 374 40.5

RT 0.877 0.842

CRT 279 70.1 277 69.6 630 68.3 626 67.8
IMRT 119 29.9 121 30.4 293 31.7 297 32.2

CT 0.914 0.160

No 178 44.7 172 43.2 102 11.1 73 7.9
IC 48 12.1 43 10.8 231 25.0 236 25.6
CC 116 29.1 125 31.4 273 29.6 312 33.8
ICþCC 45 11.3 50 12.6 277 30.0 266 28.8
CCþAC 9 2.3 6 1.5 27 2.9 25 2.7
ICþCCþAC 2 0.5 2 0.5 13 1.4 11 1.2

Abbreviations: AC¼ adjuvant chemotherapy; BMI¼body mass index; CC¼ concurrent chemotherapy; CRT¼ conventional radiotherapy; CT¼ chemotherapy; EA¼ early antigen;
IC¼ induction chemotherapy; IgA¼ immunoglobulin A; IMRT¼ intensity-modulated radiotherapy; RT¼ radiotherapy; SD¼ standard deviation; VCA¼ viral capsid antigen.
aFisher’s exact test.
bBased on the criteria of WHO histological type (1991): I—Squamous-cell carcinomas, II—Differentiated non-keratinising carcinoma, III—Undifferentiated non-keratinising carcinoma.
cIn accordance with the criteria adopted in previous studies.
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However, this female survival advantage across all end points
was limited at premenopausal age (p45 years) (DSS rates at 5
years 91.5% vs 87.1%, P¼ 0.015; OS rates at 5 years 91.3% vs

87.3%, P¼ 0.023; DMFS rates at 5 years 89.8% vs 85.4%, P¼ 0.028;
and LRFS rates at 5 years 91.6% vs 88.4%, P¼ 0.042; Figure 2A–D).
There were no significant differences in DSS (rates at 5 years

Table 2. Baseline characteristics in three age groups

Premenopausal age (p45 years) Menopausal age (46–54 years) Postmenopausal age (X55 years)

Male
(n¼744)

Female
(n¼744)

Male
(n¼319)

Female
(n¼319)

Male
(n¼313)

Female
(n¼313)

No. (%) No. (%) P No. (%) No. (%) P No. (%) No. (%) P
Age 0.747 0.631 0.717

Mean 36.719 36.622 49.709 49.809 61.211 61.051
SD 5.833 5.748 2.729 2.546 5.369 5.636
Median 37.000 37.000 49.000 50.000 60.000 60.000

Smoking 0.363a 1.000 1.000

Ever 5 (0.7) 3 (0.4) 12 (3.8) 12 (3.8) 12 (3.8) 12 (3.8)
Never 739 (99.3) 741 (99.6) 307 (96.2) 307 (96.2) 301 (96.2) 301 (96.2)

Drinking 1.000a 1.000a 1.000a

Ever 2 (0.3) 2 (0.3) 3 (0.9) 2 (0.6) 4 (1.3) 3 (1.0)
Never 742 (99.7) 742 (99.7) 316 (99.1) 317 (99.4) 309 (98.7) 310 (99.0)

Histologyb 0.407 0.880 0.884

Iþ II 54 (7.3) 46 (6.2) 24 (7.5) 23 (7.2) 25 (8.0) 26 (8.3)
III 690 (92.7) 698 (93.8) 295 (92.5) 296 (92.8) 26 (92.0) 287 (91.7)

VCA-IgAc 0.461 0.682 0.243

o80 222 (29.8) 231 (31.0) 79 (24.8) 84 (26.3) 69 (22.0) 78 24.9)
80–320 377 (50.7) 354 (47.6) 167 (52.4) 156 (48.9) 166 (53.0) 145 (46.3)
X320 145 (19.5) 159 (21.4) 73 (22.9) 79 (24.8) 78 (24.9) 90 (28.8)

EA-IgAc 0.764 0.832 0.681

o10 364 (48.9) 374 (50.3) 143 (44.8) 142 (44.5) 133 (42.5) 125 (39.9)
10–40 233 (31.3) 220 (29.6) 104 (32.6) 99 (31.0) 96 (30.7) 106 (33.9)
X40 147 (19.8) 150 (20.2) 72 (22.6) 78 (24.5) 84 (26.8) 82 (26.2)

BMI 0.115 0.887 0.876

Mean 21.998 21.754 23.350 23.315 23.328 23.283
SD 2.784 3.184 2.706 3.361 3.026 4.118
Median 21.887 21.454 23.508 23.147 23.438 23.147

T-stage 0.574 0.844 0.567

T1 125 (16.8) 127 (17.1) 62 (19.4) 57 (17.9) 51 (16.3) 50 (16.0)
T2 177 (23.8) 161 (21.6) 65 (20.4) 67 (21.0) 61 (19.5) 73 (23.3)
T3 253 (34.0) 276 (37.1) 113 (35.4) 122 (38.2) 117 (37.4) 103 (32.9)
T4 189 (25.4) 180 (24.2) 79 (24.8) 73 (22.9) 84 (26.8) 87 (27.8)

N-stage 0.113 0.181 0.434

N0 151 (20.3) 124 (16.7) 80 (25.1) 63 (19.7) 76 (24.3) 66 (21.1)
N1 432 (58.1) 456 (61.3) 174 (54.5) 200 (62.7) 163 (52.1) 179 (57.2)
N2 124 (16.7) 138 (18.5) 53 (16.6) 48 (15.0) 57 (18.2) 57 (18.2)
N3 37 (5.0) 26 (3.5) 12 (3.8) 8 (2.5) 17 (5.4) 11 (3.5)

Clinical stage 0.425 0.581 0.402

I 49 (6.6) 46 (6.2) 28 (8.8) 21 (6.6) 22 (7.0) 18 (5.8)
II 195 (26.2) 186 (25.0) 78 (24.5) 89 (27.9) 63 (20.1) 80 (25.6)
III 279 (37.5) 310 (41.7) 128 (40.1) 130 (40.8) 129 (41.2) 118 (37.7)
IV 221 (29.7) 202 (27.2) 85 (26.6) 79 (24.8) 99 (31.6) 97 (31.0)

RT 0.240 0.666 0.793

CRT 522 (70.2) 501 (67.3) 226 (70.8) 221 (69.3) 218 (69.6) 221 (70.6)
IMRT 222 (29.8) 243 (32.7) 93 (29.2) 98 (30.7) 95 (30.4) 92 (29.4)

CT 0.530 0.464a 0.369a

No 141 (19.0) 121 (16.3) 57 (17.9) 66 (20.7) 91 (29.1) 90 (28.8)
IC 137 (18.4) 154 (20.7) 77 (24.1) 61 (19.1) 82 (26.2) 64 (20.4)
CC 228 (30.6) 244 (32.8) 97 (30.4) 111 (34.8) 80 (25.6) 101 (32.3)
ICþCC 202 (27.2) 194 (26.1) 76 (23.8) 73 (22.9) 51 (16.3) 52 (16.6)
CCþAC 25 (3.4) 24 (3.2) 9 (2.8) 5 (1.6) 7 (2.2) 4 (1.3)
ICþCCþAC 11 (1.5) 7 (0.9) 3 (0.9) 3 (0.9) 2 (0.6) 2 (0.6)

Abbreviations: AC¼ adjuvant chemotherapy; BMI¼body mass index; CC¼ concurrent chemotherapy; CRT¼ conventional radiotherapy; CT¼ chemotherapy; EA¼ early antigen;
IC¼ induction chemotherapy; IgA¼ immunoglobulin A; IMRT¼ intensity-modulated radiotherapy; RT¼ radiotherapy; SD¼ standard deviation; VCA¼ viral capsid antigen.
aFisher’s exact test.
bBased on the criteria of WHO histological type (1991): I—Squamous-cell carcinomas, II—Differentiated non-keratinising carcinoma, III—Undifferentiated non-keratinising carcinoma.
cIn accordance with the criteria adopted in previous studies.
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91.0% vs 87.0%, P¼ 0.100), OS (rates at 5 years 90.7% vs 86.8%,
P¼ 0.693) or LRFS (rates at 5 years 93.4% vs 91.7%, P¼ 0.330)
between female and male patients at menopausal age (46–54

years), except DMFS (rates at 5 years 91.9% vs 86.0%, P¼ 0.021).
(Figure 2E–H) Furthermore, the female survival advantage totally
vanished when patients reached the postmenopausal age (X55
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Figure 1. Survival outcomes of male and female patients in early stage group (A–D) and advanced stage group (E–H).
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Figure 2. Survival outcomes of male and female patients in premenopausal age group (A–D), menopausal age group (E–H) and postmenopausal
age group (I–L).
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years) (DSS rates at 5 years 78.9% vs 78.4%, P¼ 0.525; OS rates at
5 years 78.9% vs 78.0%, P¼ 0.518; DMFS rates at 5 years 86.8% vs
85.6%, P¼ 0.344; and LRFS rates at 5 years 88.4% vs 89.3%,
P¼ 0.509; Figure 2I–L).

Multivariate analysis. Accounting for age (continuous), smoking,
drinking, histology, titres of VCA-IgA (o80/80–320/X320) and
EA-IgA (o10/10–40/X40), BMI (continuous), T-stage, N-stage,
clinical stage, radiation techniques and chemotherapy regimens in
multivariate analysis, the significant female advantage persisted for
DSS, OS, DMFS and LRFS, regardless of clinical stage (Table 3).

With adjustment for the same covariates, female sex was an
independent, significant protective predictor of DSS, OS, DMFS
and LRFS for patients at premenopausal age, along with DMFS for
patients at menopausal age. However, sex was not significantly
associated with the DSS, OS or LRFS of patients at menopausal age,
or any of the end points of patients at postmenopausal age
(Table 4).

DISCUSSION

The most appealing result of this study is the convincing
prognostic advantage in DSS, OS, DMFS and LRFS from female
sex for patients with nasopharyngeal carcinoma using the
propensity score matching analysis. Currently, this propensity
score matching analysis, along with multivariate analysis, provides
the fairest comparison of matched male and female patients to
evaluate the sex effect. This protective effect of female sex is fairly
consistent with that reported in the literature for NPC (Lee et al,
2005; Xiao et al, 2013) and other cancers (Hidaka et al, 2007;
McGovern et al, 2009; Bohanes et al, 2012; Cheung et al, 2013;
Joosse et al, 2013).

The remarkable sex differences in survival were used to be
presumably explained by sex differences in lifestyle behaviour and
diagnostic delays in other cancers (Bohanes et al, 2012; Joosse et al,
2013). However, in this propensity-matched study, several
behavioural factors (e.g., smoking and drinking status and BMI)

and multiple indicators related to diagnostic delays (e.g., T-stage,
N-stage, clinical stage, titre of VCA-IgA and EA-IgA) were well
balanced, and even taking these confounders into account caused
little shift from crude to adjusted hazard ratios and failed to
overturn the significant sex effect. More importantly, sex remained
the independent prognostic value across all end points (DSS, OS,
DMFS and LRFS) in locoregionally advanced nasopharyngeal
carcinoma, as demonstrated in patients with early stage, although
the relative female advantage declined from the 51–67% advantage
in early stage to a nearly 30% advantage in advanced stage
(Table 3). Therefore, our findings indicate that similar to
oesophageal cancer (Bohanes et al, 2012) and melanoma (Joosse
et al, 2013), common lifestyle behaviours and diagnostic delays
cannot fully explained the survival differences of male and female
NPC patients, and the underlying biologic traits of female sex may
have a pivotal role in a much more profound way.

The hormonal differences, especially oestrogen and oestrogen
receptor (ER), are very representative of the biologic traits. The
levels of oestrogen and ER in the female are known to differ before
and after menopause; so there is an oestrogen and ER hypothesis
that in postmenopausal women, the survival advantage from
oestrogen against men should decline or even completely vanish.
Since age is commonly considered as a surrogate for menopause,
and only 5% of women enter menopause after age 55 years
(McKinlay et al, 1992), the survival differences of male and female
patients were examined in three age groups. We found that the sex
differences existed across all end points in premenopausal age
(p45 years), restricted to DMFS in menopausal age (46–54 years),
and totally disappeared after menopause (X55 years). Therefore,
this finding highly supports the oestrogen and ER hypothesis.
Actually, this oestrogen-related sex disparity had already been
displayed in the incidence of developing nasopharyngeal carci-
noma (Xie et al, 2013). Unfortunately, little is known about the
association of female hormone and survival or the underlying
mechanism. This is likely to be the functional result of genetic
variants, for example, the VEGF-2578 CC genotype, which was
associated with tumour progression and frequently involved with
the male patients as indicated by Nasr et al (2008). Additionally, it

Table 3. Summary of important prognostic factors in multivariate analysis for early and advanced stage groupsa

Early stage (Iþ II) Advanced stage (IIIþ IVa-b)

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Disease-specific survival
Sex (male as reference) 0.34 (0.18–0.64) 0.001 0.75 (0.59–0.94) 0.014
Age (continuous) 1.06 (1.03–1.08) o0.001 1.04 (1.03–1.05) o0.001
T-stage NS 1.41 (1.20–1.65) o0.001
N-stage 8.01 (2.48–25.83) o0.001 1.84 (1.58–2.14) o0.001
Body mass index (continuous) NS 0.94 (0.91–0.98) 0.003

Overall survival
Sex (male as reference) 0.36 (0.19–0.67) 0.001 0.77 (0.61–0.96) 0.022
Age (continuous) 1.06 (1.03–1.08) o0.001 1.04 (1.03–1.05) o0.001
T-stage NS 1.42 (1.21–1.66) o0.001
N-stage 8.24 (2.56–26.56) o0.001 1.82 (1.57–2.11) o0.001
Body mass index (continuous) NS 0.94 (0.91–0.98) 0.003

Distant metastasis-free survival
Sex (male as reference) 0.33 (0.15–0.74) 0.007 0.72 (0.57–0.91) 0.006
T-stage NS 1.39 (1.18–1.63) o0.001
N-stage 4.55 (1.38–14.97) 0.013 2.03 (1.74–2.36) o0.001

Locoregional relapse-free survival
Sex (male as reference) 0.49 (0.28–0.87) 0.015 0.73 (0.54–0.99) 0.039
Age (continuous) NS 1.02 (1.01–1.03) 0.008
T-stage NS 0.421 1.26 (1.01–1.57) 0.044
N-stage 3.82 (1.63–8.95) 0.002 1.31 (1.07–1.62) 0.011

Abbreviations: CI¼ confidence interval; EA¼early antigen; IgA¼ immunoglobulin A; NS¼ not significant; VCA¼ viral capsid antigen.
aAdjustment for age (continuous), smoking, drinking, VCA-IgA (o80/80–320/X320), EA-IgA (o10/10–40/X40), pathology, body mass index (continuous), T-stage, N-stage, radiation techniques
and chemotherapy regimens with forward LR method.
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was reported that inhibition of ER-a with a repressor (NAG7)
could promote nasopharyngeal carcinoma invasion via upregula-
tion of JNK2/AP-1/MMP1 pathways (Huang et al, 2009).

Apart from the hormonal differences, another way in which the
intrinsic biologic traits of sex directly exert is the response rate and
probability of side effects from treatment, especially the che-
motherapy. Sex-biased expression levels of metabolic enzymes and
transporters in liver and kidney lead to different pharmacokinetics
for most common anti-cancer drugs. In women, half-life is often
longer, which exactly results in a better response rate of cisplatin in
female NPC without increasing toxicity (Schmetzer and Florcken,
2012). Finally, other literature-mentioned plausible explanations
for the female advantage include the differences in immune
homeostasis (Bouman et al, 2005) and body iron stores (Mascitelli
and Goldstein, 2013). Further researches are warranted to confirm
or exclude any of these hypothetical biologic explanations.

The major strength of this study lies in the investigation of sex
effect in nasopharyngeal carcinoma using propensity score
matching and multivariate analysis. This directly addressed the
limitations of divergent confounders, treatment heterogeneity and
selection bias associated with the retrospective assessment of
observational data (Austin, 2009). Additional strength is that the
common hypotheses to explain the sex differences were tested, for
the first time, in separate groups of matched male and female
nasopharyngeal carcinoma patients.

Anyway, it was a limitation that the presented data were derived
from a single institution in endemic area with expertise in
diagnosing and treating this disease. Moreover, since data on DNA
copy number of the Epstein-Barr virus were missing in most of
cases, VCA-IgA and EA-IgA were taken as the surrogate. Finally,
true anamnesis on menopausal status, data on hormonal analysis
and information on hormone replacement therapy were missing in
this retrospective study. However, stratified analysis by three age
groups was a valuable alternative to indirectly disclose the
correlation of survival differences across sex with hormone,
because age is commonly considered as a surrogate for menopause.
These issues would be addressed in the coming prospective study.

In conclusion, sex significantly affected the survival of
nasopharyngeal carcinoma, with a definite female advantage across
all end points, independent of other prognostic factors. This female
survival advantage persisted in all stages of this cancer, but
disappeared among postmenopausal women. It was strongly
associated with the underlying biologic traits of sex, rather than
the behavioural sex disparities. Sex is of great necessity to be
stratified for analysis in the upcoming randomised controlled trials.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Austin PC (2009) The relative ability of different propensity score methods to
balance measured covariates between treated and untreated subjects in
observational studies. Med Decis Making 29(6): 661–677.

Baser O (2006) Too much ado about propensity score models? Comparing
methods of propensity score matching. Value Health 9(6): 377–385.

Bohanes P, Yang D, Chhibar RS, Labonte MJ, Winder T, Ning Y, Gerger A,
Benhaim L, Paez D, Wakatsuki T, Loupakis F, El-Khoueiry R, Zhang W,
Lenz HJ (2012) Influence of sex on the survival of patients with esophageal
cancer. J Clin Oncol 30(18): 2265–2272.

Bouman A, Heineman MJ, Faas MM (2005) Sex hormones and the immune
response in humans. Hum Reprod Update 11(4): 411–423.

Cao SM, Simons MJ, Qian CN (2011) The prevalence and prevention of
nasopharyngeal carcinoma in China. Chin J Cancer 30(2): 114–119.

Chang ET, Adami HO (2006) The enigmatic epidemiology of nasopharyngeal
carcinoma. Cancer Epidemiol Biomarkers Prev 15(10): 1765–1777.

Chen L, Hu CS, Chen XZ, Hu GQ, Cheng ZB, Sun Y, Li WX, Chen YY,
Xie FY, Liang SB, Chen Y, Xu TT, Li B, Long GX, Wang SY, Zheng BM,
Guo Y, Sun Y, Mao YP, Tang LL, Chen YM, Liu MZ, Ma J (2012)
Concurrent chemoradiotherapy plus adjuvant chemotherapy versus
concurrent chemoradiotherapy alone in patients with locoregionally
advanced nasopharyngeal carcinoma: a phase 3 multicentre randomised
controlled trial. Lancet Oncol 13(2): 163–171.

Table 4. Summary of important prognostic factors in multivariate analysis for three age groupsa

Premenopausal age (p45 years) Menopausal age (46–54 years) Postmenopausal age (X55 years)

Hazard ratio (95% CI) P Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Disease-specific survival
Sex (male as reference) 0.64 (0.46–0.89) 0.008 0.66 (0.40–1.09) 0.102 1.00 (0.99–1.01) 0.329b

Age (continuous) NS NS 1.04 (1.01–1.07) 0.005
T-stage 1.72 (1.43–2.07) o0.001 1.55 (1.18–2.04) 0.002 1.43 (1.20–1.71) o0.001
N-stage 2.14 (1.74–2.63) o0.001 2.02 (1.47–2.78) o0.001 1.72 (1.40–2.11) o0.001
Body mass index (continuous) NS 0.89 (0.81–0.97) 0.008 NS

Overall survival
Sex (male as reference) 0.66 (0.47–0.91) 0.012 1.00 (0.99–1.01) 0.659b 1.00 (0.99–1.00) 0.307b

Age (continuous) NS NS 1.05 (1.02–1.08) 0.001
T-stage 1.74 (1.45–2.01) o0.001 1.53 (1.17–2.00) 0.002 1.46 (1.23–1.74) o0.001
N-stage 2.10 (1.71–2.58) o0.001 2.07 (1.51–2.84) o0.001 1.70 (1.39–2.08) o0.001
Body mass index (continuous) NS 0.90 (0.82–0.98) 0.015 NS

Distant metastasis-free survival
Sex (male as reference) 0.69 (0.51–0.94) 0.017 0.55 (0.33–0.92) 0.021 0.80 (0.52–1.23) 0.303
T-stage 1.63 (1.38–1.93) o0.001 NS 1.47 (1.16–1.85) 0.001
N-stage 2.30 (1.90–2.77) o0.001 3.00 (2.21–4.07) o0.001 2.19 (1.68–2.85) o0.001
Body mass index (continuous) NS 0.87 (0.80–0.96) 0.003 NS

Locoregional relapse-free survival
Sex (male as reference) 0.69 (0.49–0.97) 0.034 0.74 (0.39–1.38) 0.340 1.00 (0.98–1.01) 0.519b

T-stage 1.30 (1.09–1.55) 0.004 1.53 (1.10–2.15) 0.013 1.31 (1.02–1.69) 0.038
N-stage 1.36 (1.09–1.71) 0.008 NS NS
Abbreviations: CI¼ confidence interval; EA¼early antigen; IgA¼ immunoglobulin A; NS¼ not significant; VCA¼ viral capsid antigen.
aAdjustment for age (continuous), smoking, drinking, VCA-IgA (o80/80–320/X320), EA-IgA (o10/10–40/X40), pathology, body mass index (continuous), T-stage, N-stage, radiation techniques
and chemotherapy regimens with forward LR method.
bCox regression model with time-dependent covariates.

BRITISH JOURNAL OF CANCER Sex and survival of nasopharyngeal carcinoma

1560 www.bjcancer.com | DOI:10.1038/bjc.2015.70

http://www.bjcancer.com


Chen QY, Wen YF, Guo L, Liu H, Huang PY, Mo HY, Li NW, Xiang YQ,
Luo DH, Qiu F, Sun R, Deng MQ, Chen MY, Hua YJ, Guo X, Cao KJ,
Hong MH, Qian CN, Mai HQ (2011) Concurrent chemoradiotherapy
vs radiotherapy alone in stage II nasopharyngeal carcinoma: phase III
randomized trial. J Natl Cancer Inst 103(23): 1761–1770.

Cheung WY, Shi Q, O’Connell M, Cassidy J, Blanke CD, Kerr DJ, Meyers J,
Van Cutsem E, Alberts SR, Yothers G, Sargent DJ (2013) The predictive
and prognostic value of sex in early-stage colon cancer: a pooled analysis
of 33,345 patients from the ACCENT database. Clin Colorectal Cancer
12(3): 179–187.

Cox DR (1972) Regression models and life tables. J R Stat Soc B 34: 187–220.
D’Agostino RB Jr (1998) Propensity score methods for bias reduction in the

comparison of a treatment to a non-randomized control group. Stat Med
17(19): 2265–2281.

Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A (2010) AJCC
Cancer Staging Handbook from the AJCC Cancer Staging Manual, 7th edn.
Springer: New York.

Ferlay J, Bray F, Pisani P, Parkin DM (2004) Cancer Incidence, Mortality and
Prevalence Worldwide. 2.0, edn. IARC Press: Lyon.

Fountzilas G, Ciuleanu E, Bobos M, Kalogera-Fountzila A, Eleftheraki AG,
Karayannopoulou G, Zaramboukas T, Nikolaou A, Markou K, Resiga L,
Dionysopoulos D, Samantas E, Athanassiou H, Misailidou D, Skarlos D,
Ciuleanu T (2012) Induction chemotherapy followed by concomitant
radiotherapy and weekly cisplatin versus the same concomitant
chemoradiotherapy in patients with nasopharyngeal carcinoma: a
randomized phase II study conducted by the Hellenic Cooperative Oncology
Group (HeCOG) with biomarker evaluation. Ann Oncol 23(2): 427–435.

Hidaka H, Hotokezaka M, Nakashima S, Uchiyama S, Maehara N, Chijiiwa K
(2007) Sex difference in survival of patients treated by surgical resection
for esophageal cancer. World J Surg 31(10): 1982–1987.

Huang C, Wu M, Tang Y, Li X, Ouyang J, Xiao L, Li D, Li G (2009) NAG7
promotes human nasopharyngeal carcinoma invasion through inhibition
of estrogen receptor alpha and up-regulation of JNK2/AP-1/MMP1
pathways. J Cell Physiol 221(2): 394–401.

Joosse A, Collette S, Suciu S, Nijsten T, Patel PM, Keilholz U, Eggermont AM,
Coebergh JW, de Vries E (2013) Sex is an independent prognostic
indicator for survival and relapse/progression-free survival in metastasized
stage III to IV melanoma: a pooled analysis of five European organisation
for research and treatment of cancer randomized controlled trials. J Clin
Oncol 31(18): 2337–2346.

Kaplan EL, Meier P (1958) Nonparametric estimation from incomplete
observation. J Am Stat Assoc 53: 457–481.

Lai SZ, Li WF, Chen L, Luo W, Chen YY, Liu LZ, Sun Y, Lin AH, Liu MZ,
Ma J (2011) How does intensity-modulated radiotherapy versus
conventional two-dimensional radiotherapy influence the treatment results
in nasopharyngeal carcinoma patients? Int J Radiat Oncol Biol Phys 80(3):
661–668.

Lee AW, Lau WH, Tung SY, Chua DT, Chappell R, Xu L, Siu L, Sze WM,
Leung TW, Sham JS, Ngan RK, Law SC, Yau TK, Au JS, O’Sullivan B,
Pang ES, O SK, Au GK, Lau JT (2005) Preliminary results of a randomized
study on therapeutic gain by concurrent chemotherapy for regionally-
advanced nasopharyngeal carcinoma: NPC-9901 Trial by the
Hong Kong Nasopharyngeal Cancer Study Group. J Clin Oncol 23(28):
6966–6975.

Mascitelli L, Goldstein MR (2013) Explaining sex difference in cancer risk:
Might it be related to excess iron? Int J Cancer 133(9): 2261–2262.

McGovern SL, Liao Z, Bucci MK, McAleer MF, Jeter MD, Chang JY,
O’Reilly MS, Cox JD, Allen PK, Komaki R (2009) Is sex associated with the
outcome of patients treated with radiation for nonsmall cell lung cancer?
Cancer 115(14): 3233–3242.

McKinlay SM, Brambilla DJ, Posner JG (1992) The normal menopause
transition. Maturitas 14(2): 103–115.

Nasr HB, Chahed K, Bouaouina N, Chouchane L (2008) Functional vascular
endothelial growth factor -2578 C/A polymorphism in relation to
nasopharyngeal carcinoma risk and tumor progression. Clin Chim Acta
395(1-2): 124–129.

Schmetzer O, Flörcken A (2012) Sex differences in the drug therapy for
oncologic diseases. In Sex and Gender Differences in Pharmacology,
Regitz-Zagrosek V (ed), Vol. 214, Chapter 19, pp 411–442. Springer:
Berlin, Heidelberg.

Xiao G, Cao Y, Qiu X, Wang W, Wang Y (2013) Influence of gender and age
on the survival of patients with nasopharyngeal carcinoma. BMC Cancer
13(1): 226.

Xie SH, Yu IT, Tse LA, Mang OW, Yue L (2013) Sex difference in the
incidence of nasopharyngeal carcinoma in Hong Kong 1983-2008:
suggestion of a potential protective role of oestrogen. Eur J Cancer
49(1): 150–155.

This work is published under the standard license to publish agree-
ment. After 12 months the work will become freely available and
the license terms will switch to a Creative Commons Attribution-
NonCommercial-Share Alike 4.0 Unported License.

Supplementary Information accompanies this paper on British Journal of Cancer website (http://www.nature.com/bjc)

Sex and survival of nasopharyngeal carcinoma BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2015.70 1561

http://www.nature.com/bjc
http://www.bjcancer.com

	title_link
	Patients and methods
	Patients
	Treatment
	Follow-up
	Statistical analysis

	Results
	Patients
	Survival outcomes

	Table 1 
	Table 2 
	Figure™1Survival outcomes of male and female patients in early stage group (A-D) and advanced stage group (E-H)
	Figure™2Survival outcomes of male and female patients in premenopausal age group (A-D), menopausal age group (E-H) and postmenopausal age group (I-L)
	Multivariate analysis

	Discussion
	Table 3 
	A4
	A5
	Table 4 




