Clinical Epidemiology Dove

ORIGINAL RESEARCH

Gender-Specific Survival of Nasopharyngeal
Carcinoma in Endemic and Non-Endemic Areas
Based on the US SEER Database and a Chinese
Single-Institutional Registry

Lin-Feng Guo*, Ya-Qing Dai*, Yi-Feng Yu, San-Gang Wu

Department of Radiation Oncology, Xiamen Cancer Quality Control Center, Xiamen Cancer Center, Xiamen Key Laboratory of Radiation Oncology,
The First Affiliated Hospital of Xiamen University, School of Medicine, Xiamen University, Xiamen, 361003, People’s Republic of China

*These authors contributed equally to this work
Correspondence: Yi-Feng Yu; San-Gang Wu, Department of Radiation Oncology, Xiamen Cancer Quality Control Center, Xiamen Cancer Center,

Xiamen Key Laboratory of Radiation Oncology, the First Affiliated Hospital of Xiamen University, School of Medicine, Xiamen University, Xiamen,
361003, People’s Republic of China, Email yuyfeng00 | @sina.com; wusg@xmu.edu.cn

Purpose: To investigate the prognostic implications of gender in nasopharyngeal carcinoma (NPC) utilizing data from two
independent cohorts: the Xiamen (XM)-NPC cohort (an endemic area in China) and the United States Surveillance, Epidemiology,
and End Results (SEER)-NPC cohort (a non-endemic area).

Methods: We included patients diagnosed with NPC from both the XM-NPC and SEER-NPC cohorts. Statistical analysis involved
the chi-square test, Kaplan-Meier method, and multivariate Cox regression analyses.

Results: The study identified 728 patients in the XM-NPC cohort and 2237 in the SEER cohort. In the XM-NPC cohort, 515 (70.7%)
were male and 213 (29.3%) were female. In the SEER-NPC cohort, 1597 (71.4%) were male and 640 (28.6%) were female. The male-
to-female ratio peaked at <25 years (2.33) and 46-55 years (2.79) in the XM-NPC cohort, and at <25 years (2.07) and 56—65 years
(3.24) in the SEER-NPC cohort. The lowest ratios were observed among patients aged 26-35 years in both cohorts (XM-NPC: 1.64;
SEER-NPC:1.38). In the XM-NPC cohort, females had significantly better overall survival (P=0.022) and distant metastasis-free
survival (P=0.038) compared to males. Similarly, in the SEER-NPC cohort, gender was found to be an independent prognostic factor
for overall survival, with females showing better outcomes (P=0.038). Consistent trends were observed in patients aged >45 years in
both cohorts, while survival outcomes were comparable between genders in patients aged <45 years.

Conclusion: Gender independently influences survival outcomes of NPC in both endemic and non-endemic areas.

Keywords: nasopharyngeal carcinoma, gender, SEER, Chinese, outcome

Introduction

Nasopharyngeal cancer (NPC) is an epithelial carcinoma originating from the mucosal lining of the nasopharynx and is
characterized by a distinct geographical distribution.' In non-endemic regions such as the United States (US), NPC is
considered a rare malignancy with an age-standardized incidence rate of less than 1 case per 100,000 people, contrasting
sharply with endemic areas of southern China where rates can reach 20-30 cases per 100,000.” Major etiological factors
include Epstein-Barr virus (EBV) infection, tobacco use, alcohol consumption, dietary nitrite/nitrosamine exposure, and
occupational hazards.? Despite advancements, NPC remains a significant public health concern, exhibiting marked disparities
in incidence and mortality between genders.*> According to GLOBOCAN 2022 data, NPC incidence in Chinese endemic
areas is 2.6 times higher in males than females, with a corresponding 3.2 times higher mortality rate among males.® Similarly,
US statistics reflect a 2.5 times higher incidence and 3.2 times higher mortality in males compared to females.® These
discrepancies suggest a potential survival advantage for females in both endemic and non-endemic regions.
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Histological subtype, clinical stage, and treatment regimen significantly influence NPC prognosis.” Studies on
esophageal and laryngeal cancers have noted a survival advantage for females, possibly due to differential environmental
exposures such as alcohol and tobacco, as well as hormonal influences.® In NPC, studies from non-endemic regions
report conflicting findings regarding gender-related survival disparities compared to endemic areas.'®'? The independent
prognostic impact of gender remains unclear, potentially influenced by regional variations and database limitations. In
this study, we utilized data from endemic regions in China to investigate the influence of gender on the survival outcomes
of NPC patients, complemented by validation from the Surveillance, Epidemiology, and End Results (SEER) database.

Materials and Methods

Patients

Our study included patients from two distinct cohorts. The first cohort consisted of patients from the First Affiliated
Hospital of Xiamen University (XM-NPC cohort), diagnosed with NPC between January 2015 and December 2021, with
stage [-IVA disease according to the 8th edition of the American Joint Committee on Cancer (AJCC) NPC staging
system, and treated with intensity-modulated radiation therapy (IMRT). The second cohort comprised patients from the
US SEER database (SEER-NPC cohort),"® diagnosed with NPC between 2010 and 2017, with stage I-IVB disease
according to the 7th edition of the AJCC NPC staging system, and treated with external radiation. Patients were
categorized based on WHO subtypes I (ICD-O-3 codes 8070, 8071), IT (ICD-O-3 codes 8072, 8073), and III (ICD-O-
3 codes 8020, 8021, 8082, 8083) of NPC. Exclusion criteria included metastatic disease without pathology confirmation,
unknown tumor (T) or nodal (N) stages, and non-external radiation treatment. Ethical approval was obtained from the
Ethics Committee of the First Affiliated Hospital of Xiamen University (No. 2023KY107).

Variables

In the XM-NPC cohort, patient characteristics such as age, gender, smoking history, drinking history, histological
subtype, clinical stage, T stage, N stage, and treatment modality (radiotherapy and/or chemotherapy) were analyzed. In
the SEER-NPC cohort, we mainly extracted age, gender, race, histological subtype, clinical stage, T stage, N stage, and
treatment modality (radiotherapy and/or chemotherapy). Ever smokers included both current and former smokers, defined
respectively as those who have smoked within the last year or those who have abstained from smoking for at least one
year. Since approximately 90% of women experience menopause between 45 and 55 years of age, patients were further
stratified into <45 years (premenopausal stage) and >45 years (menopausal and postmenopausal stage).14

Treatment

In our institution, IMRT doses for primary nasopharyngeal tumors, cervical metastatic lymph nodes, high-risk, and low-
risk clinical target volumes were 70 grey (Gy)/32-33 fractions (f), 66—-70Gy/32-33f, 62Gy/32-33f, and 56Gy/32-33f,
respectively. Stage-based treatment guidelines included IMRT for stage I, platinum-based concurrent chemoradiotherapy
(CCRT) for stage II, and induction chemotherapy (IC) + platinum-based CCRT for stage III-IVA. Since SEER did not
record the radiotherapy technique, dose, chemotherapy regimen, cycle, and dose of patients in detail, the radiotherapy
and chemotherapy information of patients were only recorded.

Survival Outcomes

Survival endpoints in the XM-NPC cohort included local relapse-free survival (LRFS), distant metastasis-free survival
(DMFS), disease-free survival (DFS), and overall survival (OS). LRFS was defined as the time interval between
diagnosis of NPC and local or regional recurrence or both. DMFS was defined as the time interval between diagnosis
of NPC and distant recurrence. DFS was defined as the time interval between diagnosis of NPC and disease failure or
death from any cause. OS was defined as the time interval between diagnosis of NPC and death from any cause or the last
follow-up. Since there were no records of recurrence and metastasis in the SEER database, the study endpoints in the
SEER-NPC cohort included NPC-specific survival (NPCSS) and OS. NPCSS was defined as the time interval between
diagnosis of NPC and death from NPC or the last follow-up.
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Statistical Analysis

The chi-square test or Fisher’s exact test was used to compare gender differences in patient characteristics. Survival rates
were estimated using the Kaplan-Meier method, and the Log rank test was used to compare the differences. Multivariate
Cox proportional hazard regression analyses were conducted to identify independent prognostic factors related to
survival outcomes. The proportional hazards test was employed to verify the assumptions of the Cox proportional
hazard regression. All statistical analyses were performed using the SPSS statistical software package (version 26.0; IBM

Corporation, Armonk, NY, USA). Statistical significance was defined as a P-value of less than 0.05.

Results

Patient Characteristics

In the XM-NPC cohort, 728 patients were included, with a median age at diagnosis of 50 years (range, 18—88 years). Of
these, 515 patients (70.7%) were male, with a mean age of 50.5 years, and 213 patients (29.3%) were female, with a
mean age of 49.3 years. The male-to-female ratio was 2.42:1. There were 249 patients in the <45 years group (male-to-
female ratio 2.11 to 1) and 479 patients in the >45 years group (male-to-female 2.60 to 1). Male patients were more likely
to smoke (63.3% vs 1.4%, P<0.001) and consume alcohol (41.0% vs 2.8%, P<0.001) compared to female patients. There
were 9 (1.2%) in stage 1, 86 (11.8%) in stage 11, 345 (47.4%) in stage 111, and 288 (39.6%) in stage IVA. Among male
patients, 89.3% (n=460) were stage III-IVA disease, compared to 81.2% (n=173) of female patients (P=0.013). No
significant differences were observed in age, histological subtype, T stage, N stage, or treatment modality (Table 1).

A total of 2237 patients were included in the SEER-NPC cohort, with a median age at diagnosis of 55.2 years (range,
18-92 years). Of these, 1597 (71.4%) were male, with a mean age of 55.3 years (range, 18-91 years), and 640 (28.6%) were
female, with a mean age of 54.2 years (range, 18-92 years). The male-to-female ratio was 2.50:1. There were 522 patients in
the <45 years group (male-to-female ratio 1.87 to 1) and 1715 patients in the >45 years group (male-to-female ratio 2.74 to 1).
A majority of patients (n=1131) were aged over 55 years. Males were more frequently diagnosed and tended to be older than
females (P=0.001). Stage distribution was 8.8% in stage I, 22.1% in stage II, 33.9% in stage III, and 35.2% in stage IV. Among
male patients, 69.2% (n=1105) were stage II[I-IVB, compared to 69.1% (n=442) of female patients (P=0.038). No significant
differences were found in race, pathological subtype, T stage, N stage, or treatment modality (Table 2).

Table | Patient Characteristics of the XM-NPC Cohort

Variables N (%) Male (%) Female (%) P

Age (years)
<45 249 (34.2) 169 (32.8) 80 (37.6) 0.220
>45 479 (65.8) 346 (67.2) 133 (62.4)

Smoking history
Never 399 (54.8) 189 (36.7) 210 (98.6) <0.001
Ever 329 (45.2) 326 (63.3) 3(1.4)

Alcoholic history
No 511 (70.2) 304 (59.0) 207 (97.2) <0.001
Yes 217 (29.8) 211 (41.0) 6 (2.8)

Histology
WHO | 2(0.2) 2 (0.4) 0 (0) 0.184
WHO I 94 (13.0) 73 (14.2) 21 (9.9)
WHO llI 632 (86.8) 440 (85.4) 192 (90.1)

Clinical Stage
[ 9(1.2) 7(1.4) 2 (0.9) 0.013
Il 86 (11.8) 48 (9.3) 38 (17.8)
1] 345 (47.4) 249 (48.3) 96 (45.1)
IVA 288 (39.6) 211 (41.0) 77 (36.2)

(Continued)
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Table | (Continued).
Variables N (%) Male (%) Female (%) P
T stage
Tl 103 (14.1) 70 (13.6) 33 (15.5) 0.120
T2 164 (22.5) 109 (21.2) 55 (25.8)
T3 314 (43.1) 221 (42.9) 93 (43.7)
T4 147 (20.2) 115 (22.3) 32 (15.0)
N stage
NO 43 (5.9) 30 (5.8) 13 (6.1) 0.427
NI 237 (32.6) 161 (31.3) 76 (35.7)
N2 283 (38.8) 210 (40.8) 73 (34.3)
N3 165 (22.7) 114 (22.1) 51 (23.9)
Chemotherapy
No 93 (12.8) 71 (13.8) 22 (10.3) 0.204
Yes 635 (87.2) 444 (86.2) 191 (89.7)
Abbreviations: WHO, World Health Organization; T, tumor; N, nodal.
Table 2 Patient Characteristics of the SEER-NPC Cohort
Variables N (%) Male (%) Female (%) P
Age (years)
<45 522 (23.3) 340 (21.2) 182 (28.4) <0.001
>45 1715 (76.7) 1257 (78.8) 458 (71.6)
Race
White 1049 (46.9) 752 (47.1) 297 (46.4) 0.822
Black 265 (11.8) 194 (12.2) 71 (11.1)
Chinese 591 (26.4) 419 (26.2) 172 (26.9)
Other 332 (14.8) 232 (14.5) 100 (15.6)
Histology
WHO | 903 (40.4) 636 (39.8) 267 (41.7) 0.700
WHO I 839 (37.5) 605 (37.9) 234 (36.6)
WHO llI 495 (22.1) 356 (22.3) 139 (21.7)
Clinical stage
| 197 (8.8) 144 (9.0) 53 (8.2) 0.038
1l 493 (22.1) 348 (21.8) 145 (22.7)
Il 759 (33.9) 517 (32.4) 242 (37.8)
IVA 788 (35.2) 588 (36.8) 200 (31.3)
T stage
Tl 756 (33.8) 539 (33.8) 217 (33.9) 0.118
T2 469 (21.0) 330 (20.7) 139 (21.7)
T3 450 (20.1) 307 (19.1) 143 (22.3)
T4 562 (25.1) 421 (26.4) 141 (22.1)
N stage
NO 522 (23.3) 369 (23.1) 153 (23.9) 0.460
NI 710 (31.7) 515 (32.2) 195 (30.5)
N2 741 (33.1) 517 (32.4) 224 (35.0)
N3 264 (11.8) 196 (12.3) 68 (10.6)
Chemotherapy
No 246 (11.0) 174 (10.9) 72 (11.3) 0.809
Yes 1991 (89.0) 1423 (89.1) 568 (88.7)
Abbreviations: WHO, World Health Organization; T, tumor; N, nodal.
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Gender Group Based on Age Analysis

In the XM-NPC cohort, both male and female patient numbers peaked in the 46-55 age group, followed by a decline
with increasing age. The number of female patients under 45 years (premenopausal stage) generally remained lower
compared to those aged 46-55 years (menopausal stage) (Figure 1A). The male-to-female patient ratio across all age
groups ranged from 1.64 to 2.79, with an overall ratio of 2.42. The male-to-female ratio showed peaks at <25 years and
46-55 years, with the lowest ratio (1.64) observed among patients aged 2635 years. (Figure 2A).

In the SEER-NPC cohort, a similar gender-specific age distribution was observed. The number of male patients
peaked in the 55-65 age group. The number of female NPC diagnoses stabilized after the age of 46-55, with 154, 148,
and 156 cases in the 4655, 5665, and >66 age groups, respectively (Figure 1B). The male-to-female ratio also showed
peaks at <25 years and 5665 years, with the lowest ratio (1.38) among patients aged 26-35 years (Figure 2B).

Survival Analysis

In the XM-NPC cohort, patients were followed up for a median of 36.2 months (range, 0—88.8). The 5-year rates of
LRFS, DMFS, DFS, and OS rate were 88.6%, 84.4%, 76.7%, and 82.6%, respectively. Male patients had worse OS
(79.1% vs 91.3%, P=0.004) (Figure 3A) and DMFS (82.3% vs 89.3%, P=0.024) (Figure 3D) compared to female
patients, with a borderline effect on DFS (75.1% vs 80.6%, P=0.069) (Figure 3B). No significant difference was
observed in LRFS (88.2% vs 89.6%, P=0.663) (Figure 3C). In survival analysis by age group, male patients in the
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Figure | The number of male and female patients in each age group in the XM-NPC cohort and SEER-NPC cohort (A) XM-NPC cohort; (B) SEER-NPC cohort).
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Figure 2 The ratio of male to female patients in each age group in the XM-NPC cohort and SEER-NPC cohort (A) XM-NPC cohort; (B) SEER-NPC cohort).
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Figure 3 Survival curves comparing male and female patients in the XM-NPC cohort (A) overall survival; (B) disease-free survival; (C) locoregional relapse-free survival;
(D) distant metastasis-free survival).

>45 years group had significantly worse survival than female patients in 5-year OS (74.7% vs 92.5%, P=0.003)
(Figure 4A), DFS (73.0% vs 79.7%, P=0.029) (Figure 4B), and DMFS (78.5% vs 88.8%, P=0.007) (Figure 4D), with
no significant differences in 5-year LRFS (88.5% vs 88.5%, P=0.866) (Figure 4C). However, similar survival outcomes
were observed between male and female patients in the <45 years group.

In the SEER-NPC cohort, patients were followed for a median of 57.0 months (range, 0—131.0). The 5-year OS and
NPCSS rates were 66.2% and 79.9%, respectively. Male patients had worse OS than female patients (65.0% vs 69.3%,
P=0.004) (Figure 5A), while NPCSS had no significant difference (79.6% vs 80.8%, P=0.289) (Figure 5B). In the >45
years group, male patients had significantly worse 5-year OS (61.1% vs 64.1%, P=0.044) than female patients
(Figure 6A), with no significant differences in 5-year NPCSS (77.9% vs 77.9%, P=0.598) (Figure 6B). No significant
differences were observed in the <45 years group.

Prognostic Analysis
We performed the prognostic analyses to examine the effect of gender on survival outcomes in both the XM-NPC cohort
and the SEER cohort using the multivariate Cox proportional hazard regression analyses. All variables in the multivariate
Cox regression analyses met the proportional hazards assumption, with hazard ratio [HR] values remaining consistent
over time. These assumptions were not violated in the OS and NPCSS analyses for the SEER-NPC cohort, nor in the OS,
DFS, LRFS, and DMFS analyses for the XM-NPC cohort.

In the XM-NPC cohort, females were independently associated with better OS (HR 0.498, 95% confidence interval
[C1] 0.275-0.903, P=0.022) and DMFS (HR 0.559, 95% CI 0.323-0.968, P=0.038) compared to males. However, no
significant differences were found between males and females in DFS (HR 0.764, 95% CI 0.495-1.179, P=0.224) and
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Figure 4 Survival curves comparing male and female patients in the XM-NPC cohort in >45 years group (A) overall survival; (B) disease-free survival; (C) locoregional
relapse-free survival; (D) distant metastasis-free survival).
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LRFS (HR 0.985, 95% CI 0.467-2.080, P=0.969). Furthermore, patients in the >45 years group showed significantly
better OS (HR 1.878, 95% CI 1.121-3.147, P=0.017) and DMFS (HR 1.881, 95% CI 1.144-3.092, P=0.013). Clinical
stage, T stage, N stage, and treatment mode were also identified as independent prognostic factors affecting patient

survival outcomes (Table 3). Sensitivity analysis indicated that gender remained an independent prognostic factor for OS
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Figure 6 Survival curves comparing male and female patients in the SEER-NPC cohort in <45 years group (A, overall survival; B, nasopharyngeal carcinoma-specific survival).

(HR 0.348, 95% CI 0.151-0.804, P=0.013), DFS (HR 0.407, 95% CI 0.215-0.769, P=0.006) and DMFS (HR 0.333, 95%
CI 0.148-0.749, P=0.008) in the >45 years group within the XM-NPC cohort (Table 4).

In the SEER-NPC cohort, gender was also identified as an independent prognostic factor for OS, with females
exhibiting better survival outcomes (HR 0.848, 95% CI 0.725-0.991, P=0.038). However, no significant difference was
observed between males and females in NPCSS (HR 0.935, 95% CI 0.755-1.158, P=0.537). Patients in the >45 years
group were significantly associated with worse OS (HR 2.178, 95% CI 1.778-2.667, P<0.001) and NPCSS (HR 1.693,
95% CI 1.312-2.183, P<0.001). In addition, clinical stage, pathological subtype, N stage, and treatment mode were also

independent prognostic factors affecting patient survival (Table 5). Additionally, gender remained an independent

Table 3 Multivariate Analysis of Prognostic Factors Related to Survival Outcomes in the XM-NPC Cohort

Variables os DFS LRFS DMFS

HR 95% ClI P HR 95% CI P HR 95% CI P HR 95% CI P

Age (years)
<45 | | | |
>45 1.878 1.121-3.147 0.017 1.282 0.868-1.894 0.212 0.960 0.534-1.724 0.891 1.881 1.144-3.092 0.013

Gender
Male | | | 1
Female 0.498 0.275-0.903 0.022 0.764 0.495-1.179 0.224 0.985 0.467-2.080 0.969 0.559 0.323-0.968 0.038

Smoking history
Never | | | |
Ever 1.321 0.786-2.220 0.293 1.018 0.633-1.636 0.942 0912 0.527-1.581 0.744 1.041 0.615-1.761 0.881

Alcoholic history
No | | | |
Yes 0.778 0.460-1.314 0.347 1.039 0.690-1.564 0.855 1.144 0.584-2.240 0.695 0.963 0.572-1.619 0.886

Histology
WHO | + I | | | |
WHO il 0.646 0.375-1.114 0.116 0.495 0.317-0.773 0.002 0.595 0.305-1.159 0.127 0.544 0.318-0.931 0.026

Clinical stage

] 0.145 0.009-2.366 0.175 0316 0.024-4.130 0.379 0.158 0.009-2.663 0.201 0.055 0.002-1.325 0.074

i 0243 0017-3432 | 0295 0944 | 0.082-10.843 0.963 1232 | 0.153-9.926 0.845 0.105 0.005-2.182 0.146

IVA 0.147 0.010-2.257 0.169 0.282 0.022-3.569 0.328 1.413 0.179-11.153 0.743 0.024 0.001-0.545 0.019

T stage

TI I I I I

T2 0.773 0.290-2.057 0.606 1.412 0.627-3.180 0.405 0.764 0.249-2.346 0.638 3.685 1.091-12.441 0.036

T3 1.692 0.745-3.840 0.209 1.850 0.859-3.984 0.116 1.072 0.393-2.928 0.892 3.882 1.177-12.812 0.026

T4 3.108 1.349-7.163 0.008 4670 1.854-11.766 | 0.001 1263 0.292-5.742 0755 11.035 2.984-40.812 <0.001
(Continued)
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Table 3 (Continued).

Variables os DFS LRFS DMFS
HR 95% Cl P HR 95% CI P HR 95% CI P HR 95% CI P
N stage
NO | | | |
NI 1.446 0.424-4.931 0.556 1.521 0.461-5.018 0.492 .16 0.253-4.923 0.885 2.538 0.336-19.189 0.367
N2 1.471 0.437-4.944 0.533 1.405 0.430-4.583 0.573 0.722 0.167-3.125 0.663 3.198 0.430-23.792 0.256
N3 2.962 0.890-9.860 0.077 8.599 2.281-32.415 0.001 1.609 0.313-7.456 0.557 28.398 3.371-239.252 0.002
Chemotherapy
No | | | |
Yes 0.359 0.224-0.577 <0.001 0.600 0.366-0.983 0.042 0.442 0.220-0.888 0.022 0.638 0.358-1.136 0.127

Abbreviations: WHO, World Health Organization; T, tumor; N, nodal; OS, overall survival; DFS, disease-free survival; LRFS, locoregional relapse-free survival; DMFS,
distant metastasis-free survival; HR, hazard ratio; Cl, confidence interval.

prognostic factor for OS in the > 45 years age group within the SEER-NPC cohort (HR 0.836, 95% CI 0.705-0.991,
P=0.039) (Table 4).

Discussion

In this study, we utilized two independent cohorts to examine the impact of gender on the survival of NPC. Our findings
indicated that female patients generally experience better survival outcomes compared to males in both endemic and non-
endemic regions, particularly among those aged >45 years.

Gender differences were significantly associated with age at diagnosis and clinical stage, with males typically
being diagnosed at an older age and more advanced stage. Studies from endemic and non-endemic areas demonstrated
a gradual increase in NPC incidence in both males and females before the age of 60. Notably, NPC incidence among
males over 39 years old was significantly higher than that among females (P<0.05). The male-to-female incidence ratio

Table 4 Sensitivity Analysis of Gender-Related to Survival Outcomes in the
XM-NPC Cohort and SEER-NPC Cohort

Variables HR 95% CI P

XM-NPC cohort
<45 years (Female vs Male)

os 0.785 0.283-2.180 0.642
DFS 0.999 0.342-2.900 0.995
LRFS 0.751 0.266-2.124 0.589
DMFS 0.779 0.281-2.164 0.632
>45 years (Female vs Male)
oS 0.348 0.151-0.804 0.013
DFS 0.407 0.215-0.769 0.006
LRFS 0.843 0.335-2.121 0.717
DMFS 0.333 0.148-0.749 0.008

SEER-NPC cohort

<45 years (Female vs Male)

oS 0.857 0.572-1.285 0.455

NPCSS 0.872 0.529-1.438 0.592
>45 years (Female vs Male)

oS 0.836 0.705-0.991 0.039

NPCSS 0.941 0.741-1.195 0.617

Abbreviations: OS, overall survival; DFS, disease-free survival; LRFS, locoregional relapse-free
survival; DMFS, distant metastasis-free survival; HR, hazard ratio; Cl, confidence interval; NPC,
nasopharyngeal cancer; NPCSS, nasopharyngeal cancer-specific survival; XM, Xiamen; SEER,
Surveillance, Epidemiology, and End Results.
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Table 5 Multivariate Analysis of Prognostic Factors Related to OS and NPCSS in the SEER-NPC Cohort

Variables oS NPCSS

HR 95% ClI P HR 95% CI P

Age (years)

<45 | |

>45 2.178 1.778-2.667 <0.001 1.693 1.312-2.183 <0.001
Gender

Male | |

Female 0.848 0.725-0.991 0.038 0.935 0.755-1.158 0.537
Race

White | |

Black 1119 0.914-1.369 0.275 1.135 0.847-1.521 0.396

Chinese 0.640 0.504-0.812 <0.001 0.945 0.696—1.283 0.718

Other 0.797 0.670-0.949 0.011 1.006 0.793-1.277 0.961
Histology

WHO | | |

WHO I 0.653 0.560-0.761 <0.001 0.734 0.597-0.903 0.003

WHO Il 0.484 0.393-0.596 <0.001 0414 0.308-0.558 <0.001

Clinical stage
| | |

Il 1.233 0.855-1.779 0.262 1.304 0.767-2.219 0.327

1] 1.386 0.937-2.050 0.103 1.700 1.000-2.892 0.050

IVA 1.794 1.085-2.965 0.023 2511 1.456—4.331 <0.001
T stage

TI | |

T2 1.171 0.958-1.430 0.123 1.189 0.874-1.616 0.270

T3 1.505 1.239-1.826 <0.001 1.567 1.132-2.169 0.007

T4 1.836 1.536-2.195 <0.001 1.331 0.940-1.885 0.108
N stage

NO | |

NI 0.854 0.713-1.025 0.090 0.815 0.609-1.092 0.170

N2 0.887 0.739-1.066 0.201 0.744 0.547-1.012 0.060

N3 1.247 0.995-1.562 0.055 1.057 0.638-1.752 0.829
Chemotherapy

No | |

Yes 0.662 0.525-0.834 <0.001 0.626 0.446-0.879 0.007

Abbreviations: WHO, World Health Organization; T, tumor; N, nodal; NPCSS, nasopharyngeal carcinoma-specific survival; OS, overall survival; HR,
hazard ratio; Cl, confidence interval.

peaked between ages 55-60, with males showing an earlier peak in age-specific incidence.”'>"'® These findings align
with our observations. Moreover, across both cohorts, the male-to-female ratio varied notably across different age groups.
Understanding these gender-specific and age-related patterns in NPC is crucial for tailored clinical management and
further research. The observed differences in gender distribution and age at diagnosis underscore the potential influence
of hormonal factors and environmental exposures prevalent in endemic versus non-endemic regions. Future studies
should comprehensively explore these factors to elucidate their role in NPC pathogenesis and treatment outcomes.

The etiology of NPC shows gender disparities that are not fully understood and may stem from several factors. The
higher burden of NPC in males is primarily attributed to increased exposure and accumulation of risk factors, with
smoking being a major contributor. A clear dose-response relationship has been observed between the volume of
smoking, cumulative tobacco consumption, and the risk of NPC as well as its mortality rates.'” Furthermore, other
risk factors such as alcohol consumption, occupational exposure to carcinogens, and dietary habits further heighten the
risk of NPC in males.'® EBV infection is implicated in NPC development and progression; however, no significant
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gender-based differences have been observed in EBV infection rates among patients.'"'*° The relatively high burden of
NPC in endemic areas is primarily due to the prevalence of EBV infection. There is also a rising incidence of EBV-
related NPC in non-endemic regions.”'** Genetic factors, such as carriers of the VEGF-2578 C allele, significantly
increase NPC susceptibility, particularly among male patients.”® The presence of EBV-encoded RNA is associated with
improved survival outcomes in endemic areas.”*

Due to the occult nature of NPC, a substantial proportion (70-80%) of patients are diagnosed at advanced stages (I1I-
IV), emphasizing the critical importance of early screening in high-risk populations.>> Current methods employing dual
antibody detection for Epstein-Barr virus capsid antigen-IgA and nuclear antigen 1-IgA in endemic areas have shown
promising results.?® Monitoring plasma EBV DNA alongside serological antibodies serves as a complementary approach
for NPC screening.?’ Therefore, Prioritizing avoidance of NPC-specific risk exposures and enhancing early screening
efforts among key populations may help mitigate this gender disparity.

We found that gender was an independent prognostic factor affecting the survival of patients. The survival risk
increases with age, with females showing better survival outcomes than males. These results were consistent across
subgroup analyses, with survival curves consistently lower in male patients than in female patients. Additionally, male
patients experienced a shorter interval before treatment failure, suggesting biological differences in tumor behavior
between genders. A large-scale study from endemic areas, incorporating variables such as common lifestyle behaviors
and diagnoses into propensity score models, indicated that age and clinical stage alone did not fully explain survival
differences between male and female patients. The study suggested that underlying biological characteristics in females
may directly and significantly influence outcomes.?® Estrogen and estrogen receptors (ERs) are key biological character-
istics linked to sex, demonstrating related differences.*® Estrogen signaling can accelerate tumor development, while ERs
have been found to exert anticancer effects and inhibit tumor progression.”® The estrogen receptor inhibitor NAG7
inhibits ER-a function, promoting NPC invasion and development by upregulating the JNK2/AP-1/MMP1 pathway.>'
Estrogen levels gradually decline from premenopausal to menopausal ages, with only 5% of females entering menopause
after age 55. Tissue expression of ERs also decreases with age.*® Therefore, we believe that the survival advantage in
females likely involves protective mechanisms mediated by ER-related pathways in NPC risk, particularly as female age
increases. These findings align with our study outcomes, confirming gender as an independent prognostic risk factor.
Combining data from endemic areas in China with the SEER database enhanced the reliability and comprehensiveness of
our findings.

From an epidemiological perspective, smoking and alcohol consumption are well-established risk factors for NPC,
with these behaviors being more prevalent among males than females.'”'® This disparity in lifestyle habits may partially
explain the poorer prognosis observed in male NPC patients. Smoking negatively impacts both local and systemic
immune responses and increases the risk of viral infections, potentially exacerbating cancer progression.>* Similarly,
alcohol consumption can damage multiple organ systems and compromise survival through immunosuppression and the
accumulation of carcinogenic metabolites.>> Therefore, it is crucial to consider and adjust for the effects of smoking and
alcohol consumption when analyzing the impact of gender on NPC survival. Future research should incorporate detailed
data on the lifestyle habits of patients to provide a more nuanced understanding of the interplay between lifestyle factors
and gender in influencing NPC prognosis.

IMRT demonstrates favorable locoregional control in NPC, but a 20-30% incidence of distant progression under-
scores the need for systemic treatment.>® Our endemic area-based results revealed that male patients over 55 years old
were more prone to distant metastases and exhibited lower OS and DFS than female patients. The treatment mode had a
significant impact on patient survival, and the addition of chemotherapy had a positive effect on patient survival. With a
larger sample size, gender differences might have shown statistical significance across more endpoints. This suggests that
sex influences not only survival outcomes but also disease progression rates and treatment responses. Estrogen slows
gastrointestinal and gastric emptying rates, leading to slower oral medication absorption in females.®” Higher male
metabolic activity results in increased drug clearance and reduced liver bioavailability, whereas females experience
longer biological half-lives and higher drug retention in target organs.*® Gender significantly and independently affected
paclitaxel distribution and elimination, with women exhibiting lower plasma elimination and longer exposure.*
Chemotherapy dose-response relationships further indicated higher drug response rates correlate positively with extended
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survival in females. Insufficient relative dosing may contribute to poorer prognoses in males, potentially increasing
differences in treatment efficacy and raising male patients’ risk of distant metastasis.*>*' Gender differences in response
to radiotherapy are evident, likely due to variations in DNA double-strand break recognition and repair abilities and
hormone levels.*?

According to the World Health Organization, the life expectancy for males and females is 69.8 and 74.2 years,
respectively. Women generally have a longer life expectancy than men across all age groups.*> Moreover, elderly male
patients often present with more comorbidities and poorer performance status due to advanced age at diagnosis and
disease progression. This can result in reduced tolerance and adherence to intensive therapies such as radiation and/or
chemotherapy, leading to higher non-tumor-related mortality among older male patients. Therefore, exploring more
tailored chemotherapy dosages and radiotherapy regimens based on gender are worthy of further investigation, such as
dosing adjusted for fat-free weight and personalized radiotherapy based on radiosensitivity.***°

Population screening of EBV-DNA has significantly improved the diagnosis of NPC and resulted in a significant
decline in NPC mortality among affected patients.*® A previous study demonstrated that men aged 55 to 59 years with
the highest risk profile exhibited a remarkable 5-year absolute NPC risk of 6.5%.%” These findings highlight the
importance of incorporating age and risk profiles in addition to gender when assessing NPC prognosis and developing
screening programs. However, widespread screening remains unimplemented in regions with high NPC incidence.
Expanding the availability of NPC screening and increasing awareness, especially targeting at-risk populations, might
mitigate the gender disparities of the disease. Such initiatives may not only facilitate earlier detection but also advance
our understanding of NPC epidemiology across various demographic groups.

Our study also encountered several limitations. Firstly, due to its retrospective design, our assessment did not
encompass comprehensive patient characteristics. Secondly, the SEER database lacked data on patient recurrence and
metastasis, precluding evaluation of gender disparities in these aspects. Additionally, detailed information on chemother-
apy protocols, techniques, dosages, treatment completion rates, and sequences of chemotherapy and radiotherapy was
insufficient in the SEER database. Finally, it is important to note that the patient cohort may not fully encompass the most
current treatment practices for nasopharyngeal carcinoma (NPC), particularly given the advent of immunotherapy in
recent years.”® Stratified analysis by age groups offers a valuable approach to indirectly elucidate correlations between
survival disparities by gender and intrinsic biological factors. Expanding data from endemic regions is likely to yield
more robust findings, further validating the influence of gender on NPC survival across both endemic and non-endemic
areas. We anticipate that more meaningful insights could emerge with expanded dataset inclusion.

Conclusions

In conclusion, our findings underscore the significant impact of gender, particularly female gender, on survival outcomes
among NPC patients compared to males. Gender emerges as an independent prognostic factor for survival outcomes of
NPC patients in endemic or non-endemic areas. Future research efforts should focus on deepening our understanding of
the intrinsic biological traits of gender-specific influences with age on NPC progression.
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