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Abstract

Background In nasopharyngeal cancer (NPC), women have a lower incidence and mortality rate than men. Whether
sex influences the prognosis of NPC patients remains debatable. We retrospectively examined the influence of sex on
treatment-related side effects and prognosis in NPC.

Methods Clinical data of 1,462 patients with NPC treated at the Southern Hospital of Southern Medical University
from January 2004 to December 2015 were retrospectively examined. Statistical analysis was performed to assess
differences in overall survival (OS), distant metastasis-free survival (DMFS), local recurrence-free survival(LRFS),

and progression-free survival(PFS), as well as treatment-related adverse effects, including myelosuppression,
gastrointestinal responses, and radiation pharyngitis and dermatitis, between men and women.

Results Women had better 5-year OS (81.5% vs. 87.1%, P=0.032) and DMFS (76.2% vs. 83.9%, P=0.004) than men.
Analysis by age showed that the prognoses of premenopausal and menopausal women were better than those of
men, whereas prognoses of postmenopausal women and men were not significantly different. Additionally, women
had a better prognosis when stratified by treatment regimen. Furthermore, chemotherapy-related adverse effects
were more severe in women than in men; however, the incidences of radiation laryngitis and dermatitis were not
significantly different between the sexes. Logistic regression analysis revealed that the female sex was an independent
risk factor for severe myelosuppression and gastrointestinal reactions.

Conclusions Chemotherapy-related side effects are more severe but the overall prognosis is better in women with
NPC than in men with NPC. Patients may benefit from a personalized treatment approach for NPC.
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Introduction

Nasopharyngeal carcinoma (NPC), a common malig-
nancy of the head and neck region, has notable regional
and sexual differences. More than 70% of all new cases
have been diagnosed in East and Southeast Asia. The
incidence of NPC is approximately 2.75 times higher in
men than in women, according to the latest 2021 Cancer
Journal for Clinicians [1]. Smoking, drinking, occupa-
tional risk factors, and other characteristics may contrib-
ute to the higher incidence in men [2]. A previous study
suggested that sex hormones may play a role in the dis-
parity between sexes [3].

In addition to pathological types, TNM stages, and
treatment regimens [4, 5], sex has a significant impact
on the prognosis of NPC patients, which may be related
to the inherent differences between sexes, especially the
levels of sex hormones [6-9]. Aside from prognosis, sex
also influences the occurrence of adverse reactions in the
treatment of malignant tumors. Due to the high toxicity
of antineoplastic drugs, adverse reactions often occur
in the treatment of malignant tumors. Existing research
has discovered that in the treatment of non-reproductive
organ cancers (such as lung cancer [10],digestive tract
tumors [11], gliomas [12], and lymphomas [13]), the
incidence and severity of adverse reactions, including
hematotoxicity, nausea, vomiting, oral ulcers, and hair
loss, were higher in women than in men. NPC is treated
with systemic therapy, including radiotherapy and che-
motherapy. Patients may experience adverse reactions in
several systems, such as the gastrointestinal tract, blood,
and skin, which may influence the patients’ final treat-
ment strategy and, in severe cases, cause discontinuation
of treatment or death.

Previous research has suggested that men and women
have different incidence rates and severity of adverse
effects during treatment; however, this has not been
documented in NPC patients. Therefore, we conducted a
retrospective study to analyze the impact of sex on treat-
ment-related adverse effects and prognosis in NPC.

Methods

Participants

A total of 1,812 patients with NPC completed the entire
course of treatment at Nanfang Hospital of the Southern
Medical University between January 2004 and Decem-
ber 2015. Among those patients, 15 with non-primary
NPC,6 with other malignant neoplasms, 57 who discon-
tinued treatment, and 272 with missing medical records
or who underwent radiotherapy alone were excluded.

Finally, 1,462 patients were included in this study. This
study was approved by the Medical Ethics Committee
of Nanfang Hospital of the Southern Medical University
(NFEC-201,710-K3).

Study variables

The study variables included sex, age, TNM stage, clini-
cal stage, chemotherapy regimen histological types, EBV
DNA and grading for myelosuppression, gastrointestinal
response, radiation laryngitis, and radiation dermati-
tis. Patients were further divided according to their age
into the premenopausal (<45 years), menopausal (46—54
years), and postmenopausal (=55 years) groups.

The chemotherapy regimens were divided according to
the specific treatment plan of patients with NPC defined
as follows: low dose for concurrent chemotherapy alone;
moderate dose for induction chemotherapy plus concur-
rent chemotherapy or concurrent chemotherapy plus
adjuvant chemotherapy; and high dose for induction
chemotherapy plus concurrent chemotherapy and adju-
vant chemotherapy. The classification and evaluation of
adverse reactions were performed by the senior attending
physician or associate chief physician through analysis
and consultation of the patients’ medical and examina-
tion records. The criteria for evaluation were based on
the National Cancer Institute tumor treatment common
adverse reaction classification version 5.0. The principle
behind recording adverse reaction-related data was to
record only the highest grade of adverse reactions.

Treatment and follow-up

All patients received either intensity-modulated radio-
therapy or conventional radiotherapy plus chemotherapy
with induction, concurrent, and adjuvant chemotherapy
regimens. The induction or adjuvant chemotherapy regi-
mens included cisplatin in combination with 5-fluoroura-
cil, cisplatin in combination with paclitaxel or cisplatin,
and 5-fluorouracil in combination with paclitaxel every 3
weeks for two to three cycles. Synchronous chemother-
apy with cisplatin was administered at weeks 1, 4, and 7
from the start of radiotherapy. During treatment, hydra-
tion, alkalinization, and gastric protection were provided
prior to chemotherapy to prevent and reduce the inci-
dence of adverse reactions.

Follow-ups were performed by checking routine out-
patient medical records or by telephone consultation and
were conducted every 3 months for the first 3 years, every
6 months for the next 2 years, and annually thereafter.
The main prognostic indicators included overall survival
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(OS), progression-free survival (PES), local recurrence-
free survival (LRFS), and distant metastasis-free survival
(DMES), which were defined as the period between the
beginning of treatment and death from any cause, the
period between the beginning of treatment and occur-
rence of disease progression or death from any cause,
the period between the start of treatment and first local
recurrence, and the period between the start of treatment
and occurrence of first distant metastasis, respectively.

Table 1 The characteristics for male and female patients

Total Male Female P

(N=1462) (N=1068) (N=394)
T-stage 0.831
T1 257 (17.6%) 196 (184%) 61 (15.5%)
T2 360 (24.6%) 256 (24%) 104 (26.4%)
T3 283(194%) 195(18.3%) 88(22.3%)
T4 562 (384%) 421(394%) 141 (35.8%)
N-stage 0480
NO 175 (12%) 136 (12.7%) 39 (9.9%)
N1 470(32.1%) 342 (32%) 128 (32.5%)
N2 660 (45.1%) 471 (44.1%) 189 (48%)
N3 157 (10.7%) 119(11.1%) 38 (9.6%)
M-stage 0438
Mo 1401 (95.8%) 1021 (95.6%) 380 (96.4%)
M1 61 (4.2%) 47 (4.4%) 14 (3.6%)
Clinical stage” 0.182
| 51(3.5%) 45 (4.2%) 8 (2%)
Il 249 (17%) 174 (16.3%) 73 (18.5%)
] 467 (31.9%) 326 (30.5%) 143 (36.3%)
v 695 (47.5%) 523 (49%) 170 (43.1%)
Age 0.038
Mean 45.86 46.25 44.89
SD 11.208 11.199 11.186
Median 45 46 44
Range 12-77 13-77 12-76
Histologic type™ 0.324
1 10 (0.7%) 7(0.7%) 3(0.8%)
2 126 (8.6%) 85 (8%) 41 (10.4%)
3 1326 (90.7%) 976 (91.4%) 350 (88.8%)
EBV-DNA 0.068
N 373 (255%) 286 (26.8%) 87 (22.1%)
P 1089 (74.5%) 782 (73.2%) 307 (77.9%)
Chemotherapy regimens™™” 0138
Low 377 (25.8%) 270(253%) 107 (27.2%)
Medium 700 (47.9%) 504 (47.2%) 196 (49.7%)
High 385(263%) 294 (27.5%) 91 (23.1%)

*TNM staging according to 7th Edition of the American Joint Committee on
Cancer (7th AJCC). **Histologic type:based on the criteria of WHO histological
type (2003): 1—Squamous-cell carcinomas;2—Differentiated non-keratinising
carcinoma,;3—Undifferentiated  non-keratinising  carcinoma;4—basaloid
squamous carcinoma

***AC=adjuvant chemotherapy;CC=concurrent chemotherapy;IC=induction
chemotherapy;Low=CC;Medium=IC/ AC+CC;High=I1C+CC+AC;

N: negative. P: positive
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Statistical analysis

The covariate balance between women and men was
examined by the t-test (continuous variable), x> test, or
Fisher’s exact test (categorical variables), as appropri-
ate, while nonparametric tests were used to examine
the ordered categorical variables (such as clinical stage,
T stage, and N stage). To compare the differences in
adverse reactions, the patients were divided into groups
according to age and chemotherapy regimens, and the
difference in adverse reactions was evaluated by nonpara-
metric tests. The relative risk ratio was calculated using
a logistic regression model, and survival outcomes were
analyzed using the Kaplan—Meier method. The log-rank
test was used to compare the survival curves. The sur-
vival analysis including OS, PES, LRES, and DMEFS was
conducted at 5 years. All statistical analyses were per-
formed using IBM SPSS Statistics version 26.0. Statistical
P-values<0.05 were considered significant.

Results

Patient characteristics

Between February 2004 and December 2015, 1,462
patients (male to female ratio 2.71 to 1) with NPC were
included in the study.There were no significant differ-
ences between sexes in terms of T stage, N stage, clini-
cal stage, pathological type, or chemotherapy dosage
(Table 1).

There were 680(male to female ratio 2.45 to 1),
473(male to female ratio 2.75 to 1), and 309(male to
female ratio 3.35 to 1) patients in the premenopausal,
menopausal, and postmenopausal groups, respectively.
The T stage, N stage, clinical stage, and pathological type
did not differ significantly between the age groups, There
was a significant difference in the chemotherapy regi-
mens between men and women in the premenopausal
age group (P=0.002), with high dose for a larger propor-
tion of NPC in male patients (Table 2).

There were 377(male to female ratio 2.52 to 1), 700
(male to female ratio 2.57 to 1)and 385(male to female
ratio 3.23 to 1) patients in the low dose, moderate dose,
and high dose, respectively.There was a significant dif-
ference in the pathological findings between men
and women in the low chemotherapy dosage group
(P=0.027), with non-keratinized undifferentiated carci-
noma accounting for a larger proportion of NPC in male
patients (Table 3).

Survival analysis

Kaplan—Meier survival analysis was performed for 1,462
patients who were divided into groups according to sex
(Fig. 1A-D), and the results showed that OS (81.5% vs.
87.1%, P=0.032), LRFS (86.7% vs. 89.1%, P=0.191), PFS
(72.6% vs. 78.3%, P=0.059), DMEFS (76.2% vs. 83.9%,
P=0.004), and prognosis were better in female patients
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Table 2 The characteristics for male and female patients in three age groups
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Premenopausal age

Menopausal age

Postmenopausal age

male female P male female P male female P

(N=483) (N=197) (N=347) (N=126) (N=238) (N=71)
T-stage 0.655 0.693 0.928
T1 99(20.5%) 37(18.8%) 64(18.4%) 15(11.9%) 33(13.9%) 9(12.7%)
T2 129(26.7%) 60(30.5%) 73(21%) 31(24.6%) 54(22.7%) 13(18.3%)
T3 77(15.9%) 35(17.8%) 69(19.9%) 32(25.4%) 49(20.6%) 21(29.6%)
T4 178(36.9%) 65 (33%) 141(40.6%) 48(38.1%) 102(42.9%) 28(39.4%)
N-stage 0.807 0.783 022
NO 49(10.1%) 16 (8.1%) 47 (13.5%) 13 (10.3%) 40(16.8%) 10(14.1%)
N1 150(31.1%) 70 (35.5%) 105(30.3%) 38 (30.2%) 87(36.6%) 20(28.2%)
N2 230(47.6%) 89(45.2%) 153(44.1%) 65(51.6%) 88(37%) 35(49.3%)
N3 54(11.2%) 22(11.2%) 42(12.1%) 10(7.9%) 23(9.7%) 6(8.5%)
M-stage 0.998 0.827 0.092
Mo 466(96.5%) 190 (96.4%) 330(95.1%) 119 (94.4%) 225(94.5%) 71(100%)
M1 17(3.5%) 7(3.6%) 17(4.9%) 7(5.6%) 13(5.5%)
Clinical stage” 0.351 0.602 0441
| 17(3.5%) 2(1%) 18(5.2%) 5(4%) 10(4.2%) 1(1.4%)
] 89(18.4%) 47(23.9%) 45(13%) 16(12.7%) 4016.8%) 10(14.1%)
[} 158(32.7%) 67(34%) 103(29.7%) 45 (35.7%) 65(27.3%) 31(43.7%)
v 219(45.3%) 81(41.1%) 181(52.2%) 60(47.6%) 123(51.7%) 29(40.8%)
Age 0.459 0526 0.788
Mean 36.41 36.01 49.63 4942 613 6148
sD 6433 6.668 3.254 2.989 4.848 4.881
Median 38 38 49 49 60 60
Range 13-45 12-45 46-55 46-55 56-77 56-76
Histology™ 0436 0.347 0.238
1 3(0.6%) 1(0.5%) 3(0.9%) 2(1.6%) 1(0.4%)
2 39(8.1%) 22(11.2%) 31(8.9%) 10(7.9%) 15(6.3%) 9(12.7%)
3 441(91.3%) 174(88.3%) 313(90.2%) 114(90.5%) 222(93.3%) 62(87.3%)
EBV 0.218 0.96 0.671
N 186(38.5%) 46(23.4%) 67(19.3%) 24(19%) 33(13.9%) 17(23.9%)
P 297(61.5%) 151(76.6%) 280(80.7%) 102(81%) 205(86.1%) 54(76.1%)
Chemotherapy regimens™” 0.002 0.247 0.537
Low 93(19.3%) 55(27.9%) 85(24.5%) 24(19%) 92(38.7%) 28(39.4%)
Medium 232(48%) 97(49.2%) 171(49.3%) 65(51.6%) 101(42.4%) 34(47.9%)
High 158(32.7%) 45(22.8%) 91(26.2%) 37(29.4%) 45(18.9%) 9(12.7%)

*TNM staging according to 7th Edition of the American Joint Committee on Cancer (7th AJCC). **Histologic type:based on the criteria of WHO histological type
(2003): 1—Squamous-cell carcinomas;2—Differentiated non-keratinising carcinoma,;3—Undifferentiated non-keratinising carcinoma;4—basaloid squamous
carcinoma. ***AC=adjuvant chemotherapy;CC=concurrent chemotherapy;IC=induction chemotherapy. Low=CC;Medium=IC/ AC+CC;High=1C+CC+AC;

than in male patients at all survival endpoints, with OS
and DMES being significantly different between sexes.
The analysis of survival between men and women in
each age group after stratification showed that com-
pared with women, men had worse survival at all end
points compared to women in the premenopausal group
(Fig. 2A-D). Additionally, the DMEFS was significantly
different between men and women in the premenopausal
group (74.3% vs. 84.2%, P=0.009). Meanwhile, OS (80.9%
vs. 91.4%, P=0.092),PFS(75.9% vs. 81.8%, P=0.100) and
LRES (86.4% vs. 91.0%, P=0.110) showed that prognosis
in women tended to be better than that in men, albeit
without significance. Additionally, in the menopausal age

group (Fig. 2E-H), OS (80.9% vs. 91.4%, P=0.013), DMFS
(78.2% vs. 86.0%, P=0.066), and PFS (74.0% vs. 81.2%,
P=0.147) were better in women than in men. In contrast,
there was no significant difference in survival between
men and women in the postmenopausal group as shown
by the following: OS (72.4% vs. 67.1%, P=0.203), PES
(63.4% vs. 63.3%, P=0.434), DMFS (77.3% vs. 79.5%,
P=0.910), and LRFS (85.4% vs. 87.2%, P=0.701) (Fig. 2I-
L). Based on the results, the prognoses of premenopausal
and menopausal women were better than those of men,
whereas those of postmenopausal women were not sig-
nificantly different from those of men.
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Table 3 The characteristics for male and female patients in three chemotherapy regimens
Low Medium High
male female P male female P male female P
(N=270) (N=107) (N=504) (N=196) (N=294) (N=91)
T-stage 0.861 0.572 0421
T1 5(20.4%) 0(18.7%) 94 (18.7%) 8 (14.3%) (16%) 13 (14.3%)
T2 78 (28.9%) 33 (30.8%) 125 (24.9%) 52 (26.5%) (18%) 19 (20.9%)
T3 39 (14.4%) 9(17.8%) 96 (18.9%) 4 (22.4%) 60 (20.4%) 25 (27.5%)
T4 8 (36.3%) 35 (32.7%) 189 (37.6%) 2 (36.7%) 134 (45.6%) 34 (37.4%)
N-stage 0498 0498 0.577 0.672
NO 65 (24.1%) 22 (20.6%) 49 (9.7%) 12 (6.1%) 22 (7.5%) 5(5.5%)
N1 97 (35.9%) 37 (34.6%) 165 (32.7%) 66 (33.7%) 80 (27.2%) 25 (27.5%)
N2 83 (30.7%) 41 (38.3%) 229 (45.4%) 98 (50%) 159 (54.1%) 50 (54.9%)
N3 5(9.3%) 7 (6.5%) 61 (12.1%) 20 (10.2%) 33(11.2%) 11 (12.1%)
Clinical stage 0.739 0.5 0.369
| 1(7.8%) 4(3.7%) 20 (4%) 3(1.5%) 4 (1.4%) 1(1.1%)
] 9 (25.6%) 26 (24.3%) 73 (14.5%) 35 (17.9%) 32 (10.9%) 12 (13.2%)
1} 60 (22.2%) 39 (36.4%) 166 (32.9%) 70 (35.7%) 100 (34%) 34 (37.4%)
v 20 (44.4%) 38 (35.5%) 245 (48.6%) 88 (44.9%) 158 (53.7%) 44 (48.4%)
Age 0.01 0.496 0.875
Mean 50.32 45.89 4570 45.09 4347 43.27
SD 11.638 13.220 10.663 10.536 10.659 9.806
Median 50 43 45 45 44 45
Range 24-77 14-76 14-74 12-72 13-70 19-63
EBV 0407 0.053 0.075
N 67 (24.8%) 31 (29%) 133 (26.4%) 38 (19.4%) 86 (29.3%) 18 (19.8%)
P 203 (75.2%) 76 (71%) 371 (73.6%) 158(80.6%) 208 (70.7%) 73 (80.2%)
Histology 0.027 0.833 0.55
1 2 (1.9%) 4(0.8%) 1(0.5%) 3(1%)
2 31 (11.5%) 18 (16.8%) 36 (7.1%) 16 (8.2%) 18 (6.1%) 7 (7.7%)
3 239 (88.5%) 87 (81.3%) 464 (92.1%) 79(91.3%) 273 (92.9%) 84 (92.3%)

*TNM staging according to 7th Edition of the American Joint Committee on Cancer (7th AJCC). **Histologic type:based on the criteria of WHO histological type
(2003): 1—Squamous-cell carcinomas;2—Differentiated non-keratinising carcinoma,;3—Undifferentiated non-keratinising carcinoma;4—basaloid squamous
carcinoma. AC=adjuvant chemotherapy;CC=concurrent chemotherapy;IC=induction chemotherapy. Low=CC;Medium=IC/ AC+CC;High=IC+CC+AC;
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Figs. 1 Survival curves stratified by sex for patients in the entire cohort

When patients were stratified according to chemo-
therapy regimens, in the low-dose group, OS (78.5% vs.
88.8%, P=0.035) and DMFS (78.8% vs. 88.9%, P=0.014)
were significantly better in women than in men (Fig. 3A—
D), whereas the LRFS (87.0% vs. 92.9%, P=0.147) and
PFS (69.9% vs. 81.0%, P=0.065) tended to be better in
women than in men, albeit without significance. In the
moderate-dose group, the survival endpoints were not
significantly different between men and women (Fig. 3E—
H). In the high-dose group (Fig. 3I-L), the DMFS (71.7%

vs. 86.7%, P=0.011) and PFS (69.8% vs. 82.5%, P=0.024)
were significantly better in women than in men, while
the OS (81.5% vs. 89.2%, P=0.097) and LRES (82.1% vs.
89.1%, P=0.131) tended to be better in women than in
men, albeit without significance.

Adverse reactions

Statistical analysis (Table 4) was performed after the
patients were grouped by sex, and the results showed
that bone marrow suppression (U=5.789; P<0.001) and
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Table 4 Difference of adverse reactions

Total Male Female P
Myelosuppression <0.001
0 279 230 (21.5%) 49 (12.4%)
(19.1%)
1 312 245 (22.9%) 67 (17%)
(21.3%)
2 475 341 (31.9%) 134 (34%)
(32.5%)
3 251 156 (14.6%) 95 (24.1%)
(17.2%)
4 145 96 (9%) 49 (12.4%)
(9.9%)
Gastrointestinal reaction <0.001
0 173 129 (12.1%) 44 (11.2%)
(11.8%)
1 737 569 (53.3%) 168 (42.6%)
(50.4%)
2 459 322 (30.1%) 137 (34.8%)
(31.4%)
3 92 (6.3%) 47 (4.4%) 45 (11.4%)
4 1(0.1%) 1(0.1%)
Radiation laryngitis 0.904
0 64 (4.4%) 53 (5%) 11 (2.8%)
1 640 456 (42.7%) 184 (46.7%)
(43.8%)
600 (41%) 449 (42%) 151 (38.3%)
3 137 93 (8.7%) 44 (11.2%)
(9.4%)
4 21 (1.4%) 17 (1.6%) 4 (1%)
Radiation dermatitis 0455
0 83 (5.7%) 62 (5.8%) 21 (5.3%)
1 862 (59%) 624 (58.4%) 238 (60.4%)
2 390 279 (26.1%) 111 (28.2%)
(26.7%)
3 127 103 (9.6%) 24 (6.1%)
(8.7%)

The criteria for evaluation were based on the NCI tumor treatment common
adverse reaction classification version 5.0

gastrointestinal reactions (U=4.407 P < 0.001) were more
severe in women than in men.

After classifying the patients based on age, a compari-
son between sexes showed that the severity of myelo-
suppression was greater in women than in men at all
ages, and that the severity of gastrointestinal reactions
in women in the premenopausal and menopausal age
groups were greater than those in men (Table 5). In con-
trast, there was no statistically significant difference in
the gastrointestinal reactions between men and post-
menopausal women. Additionally, there were no sta-
tistically significant differences in radiotherapy-related
adverse effects between sexes at all ages.

In patients who underwent similar chemotherapy
regimens, bone marrow suppression and gastrointesti-
nal reactions were more severe in women than in men
(Table 6). Although there was no statistically significant
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difference in the severity of adverse reactions between
men and women in the high-dose chemotherapy group,
the mean rank of women was higher than that of men
(189.10 vs. 205.62, P=0.176). There were no significant
differences in radiotherapy-related adverse reactions
between sexes.

Due to significant statistical differences in myelosup-
pression and gastrointestinal reactions, logistic regres-
sion analysis was performed to adjust the comparisons
between sexes by the following baseline characteristics:
chemotherapy regimens, and clinical staging (Table 7).
Grade 3—-4 myelosuppression and gastrointestinal reac-
tions were defined as the occurrence of severe adverse
events, and sex was found to be an important predictor of
severe myelosuppression and gastrointestinal reactions.

Discussion

Several studies have examined the impact of sex on the
prognosis of many non-reproductive malignancies, and
the results showed that under similar treatment regi-
mens, women tended to have better prognosis than men
[14-18]. In two recent studies on NPC, researchers used
statistical analysis to eliminate the effects of smoking,
drinking status, body mass index, and various indicators
(T stage, N stage, clinical stage) associated with diagno-
sis delay and concluded that the prognostic advantage of
female patients over male patients was age-dependent.
In this study, the prognostic indicators were analyzed
after grouping the patients by age according to the cri-
teria of the classic review [19]. Our results indicate that
the prognosis of female patients was better than that of
male patients during the premenopausal and menopausal
periods, but this prognostic advantage was not observed
after menopause, suggesting that sex hormones may play
a role in the prognosis of patients with NPC. However,
probably due to insufficient sample size, the statistical
difference in prognosis by gender was not significant.

In clinical practice, we often find that treatment-related
adverse effects in NPC seem to be more severe in women
than in men. In this study, by analyzing the adverse reac-
tions of all patients and further stratifying them by age
group and treatment regimen, the results showed that
the severity of myelosuppression and the risk of severe
(grade 3—4) adverse reactions during treatment was sig-
nificantly greater in women than in men. The incidence
of toxicity with cytotoxic drug use was reported to be
higher in women [20]. Previous studies have shown that
paclitaxel not only saturates the peripheral compart-
ment at lower plasma levels in women than in men (0.83
vs. 1.74 pumol/L) but also has lower plasma elimination,
resulting in a longer duration of exposure [21]. Based on
body surface area (BSA), maximum plasma concentra-
tions were higher in women even after dose adjustment,
which can also be attributed to lower CYP3A4 enzyme
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Table 5 Difference of adverse reactions after grouping according to age

Premenopausal age Menopausal age Postmenopausal age

male female P male female P male female P
Myelosuppression 0.011 0.001 0.002
0 79 (16.4%) 25(12.7%) 92 (26.5%) 15 (11.9%) 59 (24.8%) 9 (1 2.7%)
1 123 (25.5%) 37 (18.8%) 76 (21.9%) 17 (13.5%) 46 (19.3%) 3(18.3%)
2 153 (31.7%) 65 (33%) 112 (32.3%) 51 (40.5%) 76 (31.9%) 8 (25.4%)
3 76 (15.7%) 46 (23.4%) 47 (13.5%) 31 (24.6%) 33 (13.9%) 8 (25.4%)
4 52 (10.8%) 24 (12.2%) 20 (5.8%) 12 (9.5%) 24(10.1%) 3(18.3%)
Gastrointestinal reaction 0.001 0.008 0.593
0 49 (10.1%) 5 (7.6%) 48 (13.8%) 7 (13.5%) 32 (13.4%) 12 (16.9%)
1 266 (55.1%) 88 (44.7%) 185 (53.3%) 52 (41.3%) 118 (49.6%) 28 (39.4%)
2 140 (29%) 73 (37.1%) 104 (30%) 7 (29.4%) 78 (32.8%) 27 (38%)
3 28 (5.8%) 21 (10.7%) 9 (2.6%) 0(15.9%) 10 (4.2%) 4(5.6%)
4 1(0.3%)
Radiation laryngitis 0.608 0.826 0.973
0 21 (4.3%) 6 (3%) 22 (6.3%) 3(2.4%) 10 (4.2%) 2(2.8%)
1 205 (42.4%) 95 (48.2%) 151 (43.5%) 58 (46%) 100 (42%) 31 (43.7%)
2 213 (44.1%) 73 (37.1%) 138 (39.8%) 50 (39.7%) 98 (41.2%) 28 (39.4%)
3 38 (7.9%) 20 (10.2%) 29 (8.4%) 15 (11.9%) 26 (10.9%) 9(12.7%)
4 6 (1.2%) 3(1.5%) 7 (2%) 4(1.7%) 1(1.4%)
Radiation dermatitis 0.97 0.961 0.058
0 32 (6.6%) 11 (5.6%) 20 (5.8%) 5 (4%) 10 (4.2%) 5(7%)
1 292 (60.5%) 119 (60.4%) 201 (57.9%) 74 (58.7%) 131 (55%) 45 (63.4%)
2 114 (23.6%) 53 (26.9%) 93 (26.8%) 41 (32.5%) 72 (30.3%) 17 (23.9%)
3 45 (9.3%) 14 (7.1%) 33(9.5%) 6 (4.8%) 25 (10.5%) 4 (5.6%)
The criteria for evaluation were based on the NCI tumor treatment common adverse reaction classification version 5.0
Table 6 Difference of adverse reactions after grouping according to chemotherapy regimens

Low Medium High

male female P male female P male female P
Myelosuppression <0.001 <0.001 0.009
0 97 (35.9%) 17 (15.9%) 66 (13.1%) 11 (5.6%) 28 (9.5%) 8(8.8%)
1 55 (20.4%) 21 (19.6%) 134(26.6%) 33(16.8%) 75 (25.5%) 13(14.3%)
2 65 (24.1%) 32 (29.9%) 174(34.5%) 80(40.8%) 112(38.1%) 29(31.9%)
3 28 (10.4%) 19 (17.8%) 81 (16.1%) 52 (26.5%) 54 (18.4%) 29 (31.9%)
4 25(9.3%) 18 (16.8%) 49 (9.7%) 20 (10.2%) 25 (8.5%) 2(13.2%)
Gastrointestinal reaction <0.001 0.017 0.176
0 31 (11.5%) 13(12.1%) 68 (13.5%) 20(10.2%) 30 (10.2%) 11(12.1%)
1 152(56.3%) 38 (35.5%) 263(52.2%) 92(46.9%) 154(52.4%) 38(41.8%)
2 79 (29.3%) 40 (37.4%) 147(29.2%) 65(33.2%) 96 (32.7%) 32(35.2%)
3 8 (3%) 6 (15%) 25 (5%) 19 (9.7%) 14 (4.8%) 10 (11%)
4 1(0.2%)
Radiation larynagitis 0.672 0.826 0.766
0 15(5.7%) 3(2.8%) 25 (5%) 3(1.6%) 13 (4.4%) 5(5.5%)
1 107(40.4%) 48 (44.9%) 197(39.2%) 88(45.6%) 151(51.4%) 48(52.7%)
2 116(43.8%) 50 (46.7%) 223(44.4%) 73(37.8%) 104(35.4%) 28 (30.8%)
3 25 (9.4%) 6 (5.6%) 47 (9.4%) 26 (13.5%) 21(7.1%) 9(9.9%)
4 2(0.8%) 10 (2%) 3(1.6%) 5(1.7%) 1(1.1%)
Radiation dermatitis 0.329 0.345 0.595
0 16 (5.9%) 7 (6.5%) 26 (7%) 11 (7.5%) 20 (6.8%) 3(3.3%)
1 156 (58%) 66 (61.7%) 209(56.6%) 87(59.2%) 182(61.9%) 56(62.2%)
2 72 (26.8%) 29 (27.1%) 84 (22.8%) 35 (23.8%) 65 (22.1%) 28 (31.1%)
3 25 (9.3%) 5(4.7%) 50 (13.6%) 14 (9.5%) 27 (9.2%) 3(3.3%)

The criteria for evaluation were based on the NCl tumor treatment common adverse reaction classification version 5.0
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Table 7 Logistic Regression: severe adverse or not

Gastrointestinal reaction Myelosuppression

P OR 95%Cl P OR 95%Cl
Clinical stage 0.686 1.055 0.815 1.366 0.002 1.255 1.084 1453
chemotherapy 0.883 0.978 0.723 1322 0.033 1.196 1.014 1.41
gender(male) 0.001 2.696 1.761 4.128 <0.001 1.904 1.18 2449

activity and P-glycoprotein levels in women than in men.
Hence, fewer doses of paclitaxel are metabolized by
CYP3A4 and excreted into the bile via P-glycoprotein in
women, resulting in a longer half-life, which increases the
time to exceed toxicological threshold concentrations in
women [22]. The pharmacokinetics of cisplatin also dif-
fer significantly between men and women which may be
due to changes in the expression of metabolic enzymes
in the kidneys and liver [23]. For example, the metabo-
lism of cisplatin is positively correlated with glutathione
S-transferase activity, which affects the uptake and reten-
tion of the drug in the kidneys and liver [24]. In women,
cisplatin-induced toxicity may be caused by higher glu-
tathione S-transferase activity, which leads to longer bio-
logical half-lives and higher drug retention in the target
organs [25]. In another studies, women had higher blood
levels and longer half-lives of 5-fluorouracil under the
BSA-based dosing regimen [26, 27]. In addition, the main
protein groups responsible for binding drugs in human
plasma are influenced by the concentration of sex hor-
mones; thus, plasma drug binding is clearly influenced
by sex, which in turn affects the drugs’ pharmacokinet-
ics [28]. In chemotherapy for patients with NPC, sex-
differentiated expression levels of metabolic enzymes
and transport proteins in the liver and kidneys result in
altered pharmacokinetics of most anticancer drugs [29].
Regarding chemotherapy drugs, blood concentration
and half-lives of drugs are higher in women under the
same BSA-based dosing regimen. However, the recom-
mended doses of drugs are usually determined in male-
dominated phase I and II trials without considering the
potential impact of sex on the optimal dosing [30, 31].
The maximum tolerated dose of certain drugs may be
lower in women, and administration of standard doses
may result in increased blood drug concentrations and
toxicity. Hence, chemotherapy regimens based on BSA
and body weight are being increasingly questioned in
existing cancer treatments, and researchers are actively
exploring more rational dosing regimens such as those
based on fat-free weight [32, 33]. In addition, there is a
dose-response relationship for chemotherapeutic agents
[20, 23], and previous studies have found a positive cor-
relation between higher drug response rates and longer
survival in female tumour patients [34, 35]. In contrast,
the lower toxicity rate in men may be explained by rela-
tive underdosage, which may contribute to their poorer
prognosis.

Another reason for the greater severity of gastroin-
testinal reactions in women than in men in this study
was the difference in the response to antiemetic drugs,
e.g., gastrodia, 5-hydroxytryptamine receptor modula-
tors, or neurokinin-1 antagonists were less effective in
women than in men [36-38]. These drugs used during
chemotherapy also affect the difference in the gastroin-
testinal reactions between men and women. However,
the incidence of gastrointestinal reactions was not differ-
ent between men and women of all ages in the high-dose
group, or between men and postmenopausal women in
all dose groups. This may be due to the reduced dose of
chemotherapy drugs and the lack of sensitivity to gas-
trointestinal symptoms, such as nausea and vomiting, in
older women.

Radiation dermatitis and laryngitis are caused by radia-
tion therapy. A previous study on radiation therapy for
head and neck tumors concluded that sex did not con-
tribute to the differences in Karnofsky Score, mucositis,
and presence of thrush and dermatitis scores [39, 40]. In
this study, no differences were found between men and
women, either between age groups or between chemo-
therapy doses. This finding is consistent with the results
of previous studies. Another study also showed that
patients experienced radiotherapy-related adverse effects
mainly related to the mode of radiotherapy and nursing,
and that the relationship with sex was unclear [41].

This was a single-center retrospective study with a
relatively small size after subgrouping. Data collection
and grading were mainly derived from medical records,
which can be biased by subjective factors and source of
patients. Radiotherapy was mostly intensity-modulated
radiotherapy, and as this was a retrospective study, a
majority of detailed radiotherapy data could not be
acquired. Furthermore, in this study, only the highest
level of adverse reactions during treatment was recorded
and not the frequency of occurrence. The interpretation
of radiotherapy-related adverse reactions between sexes
is incomprehensive, and further research is required.

Conclusion

Chemotherapy-related adverse effects in the treatment of
NPC were more severe in women than in men, but the
overall prognosis was better in women than in men. To
create more individualized treatment strategies, estab-
lishing sex-related treatment and observation criteria
may benefit patients.



Cui et al. BMC Cancer (2023) 23:1146

Abbreviations
BSA Body surface area

DMFS  Distant metastasis-free survival
LRFS Local recurrence-free survival
0S Overall survival

PFS Progression-free survival

Acknowledgements
Not applicable.

Authors’ contributions

Linchong Cui,Zilu Chen and Fangfang guarantor of integrity of the entire
study, statistical analysis and manuscript preparation,Xiong Liu,Xiaohong
Peng and Bolong Yu study concepts ,design, provision of opinion, critical

revision of the manuscript, approval of final Xiaolan Jiang et al. critical analysis,
collect data, follow up patients. All authors were involved in the review of the

manuscript.

Funding

This work was supported by the Natural Science Foundation of Guangdong
Province, China [grant numbers 2020A1515010176],the Medical Scientific
Research Foundation of Guangdong Province of China [grant numbers

A2020078],the Dean’s Fund of Nanfang Hospital, Southern Medical University

[grant numbers 2019C019] and the Funding by Science and Technology
Projects in Guangzhou [grant numbers 2023A04J2356].

Data Availability

The datasets generated and analyzed during the current study are not publicly

available because the dataset will be further studied to publish other works
but are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee of Nanfang
Hospital of the Southern Medical University (NFEC-201710-K3) and was

performed in accordance with the Declaration of Helsinki.The need for written
informed consent to participate was waived by the Medical Ethics Committee
of Nanfang Hospital of the Southern Medical University due to retrospective

nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Otolaryngology-Head and Neck Surgery, Nanfang
Hospital, Southern Medical University, Guangzhou 510515, Guangdong,
PR China

Received: 19 March 2023 / Accepted: 24 October 2023
Published online: 25 November 2023

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

2. ChenYP Chan A, Le QT, Blanchard P, Sun'Y, Ma J. Nasopharyngeal carcinoma.

Lancet. 2019;394(10192):64-80.
3. XieS,YulT, Tse L, Mang OW, Yue L. Sex difference in the incidence of naso-

pharyngeal carcinoma in Hong Kong 1983-2008: suggestion of a potential

protective role of oestrogen. EUR J CANCER. 2013;49(1):150-5.

4. Pan XX, Liu YJ, Yang W, Chen YF, Tang WB, Li CR. Histological subtype remains

a prognostic factor for survival in nasopharyngeal carcinoma patients.
LARYNGOSCOPE. 2020;130(3):E83-8.

12.

20.

21.

22.

23.

24.

25.

26.

Page 10 of 11

Bossi P, Chan AT, Licitra L, Trama A, Orlandi E, Hui EP, Haldmkova J, Mattheis S,
Baujat B, Hardillo J, et al. Nasopharyngeal carcinoma: ESMO-EURACAN clinical
practice guidelines for diagnosis, treatment and follow-upt. ANN ONCOL.
2021,32(4):452-65.

Lu X, Wang FL, Guo X, Wang L, Zhang HB, Xia WX, Li SW, Li NW, Qian CN,
Xiang YQ. Favorable prognosis of female patients with nasopharyngeal
carcinoma. CHIN J CANCER. 2013;32(5):283-8.

Xiao G, CaoY, Qiu X, Wang W, Wang Y. Influence of gender and age on

the survival of patients with nasopharyngeal carcinoma. BMC Cancer.
2013;13:226.

OuYang PY, Zhang LN, Lan XW, Xie C, Zhang WW, Wang QX, Su Z,Tang J,

Xie FY. The significant survival advantage of female sex in nasopharyngeal
carcinoma: a propensity-matched analysis. Br J Cancer. 2015;112(9):1554-61.
LiWZ, Lv SH, Liu GY, Liang H, Xia WX, Xiang YQ. Age-dependent changes of
gender disparities in nasopharyngeal carcinoma survival. BIOL SEX DIFFER.
2021:12(1):18.

Singh S, Parulekar W, Murray N, Feld R, Evans WK, Tu D, Shepherd FA. Influence
of sex on toxicity and treatment outcome in small-cell Lung cancer. J CLIN
ONCOL. 2005;23(4):850-6.

Davidson M, Wagner AD, Kouvelakis K, Nanji H, Starling N, Chau I, Watkins

D, Rao S, Peckitt C, Cunningham D. Influence of sex on chemotherapy
efficacy and toxicity in oesophagogastric cancer: a pooled analysis of four
randomised trials. EUR J CANCER. 2019;121:40-7.

Lombardi G, Rumiato E, Bertorelle R, Saggioro D, Farina P, Della PA, Zustovich
F, Berti F, Sacchetto V, Marcato R, et al. Clinical and genetic factors Associated
with severe hematological toxicity in Glioblastoma patients during Radia-
tion plus Temozolomide Treatment: a prospective study. Am J Clin Oncol.
2015;38(5):514-9.

Klimm B, Reineke T, Haverkamp H, Behringer K, Eich HT, Josting A, Pfistner B,
DiehlV, Engert A. Role of hematotoxicity and sex in patients with Hodgkin's
Lymphoma: an analysis from the German Hodgkin Study Group. J CLIN
ONCOL. 2005;23(31):8003-11.

Bohanes P, Yang D, Chhibar RS, Labonte MJ, Winder T, Ning Y, Gerger A, Ben-
haim L, Paez D, Wakatsuki T, et al. Influence of sex on the survival of patients
with Esophageal Cancer. J CLIN ONCOL. 2012;30(18):2265-72.

Hidaka H, Hotokezaka M, Nakashima S, Uchiyama S, Maehara N, Chijiiwa K.
Sex difference in survival of patients treated by surgical resection for Esopha-
geal cancer. WORLD J SURG. 2007;31(10):1982-7.

McGovern SL, Liao Z, Bucci MK, McAleer MF, Jeter MD, Chang JY, O'Reilly MS,
Cox JD, Allen PK, Komaki R. Is sex associated with the outcome of patients
treated with radiation for nonsmall cell Lung cancer? CANCER-AM CANCER
SOC. 2009;115(14):3233-42.

Cheung WY, Shi Q, O'Connell M, Cassidy J, Blanke CD, Kerr DJ, Meyers J, Van
Cutsem E, Alberts SR, Yothers G, et al. 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. 2013;12(3):179-87.

JOOSSE A, COLLETTE S, SUCIU S, NIJSTEN T, PALEL PM, KEILHOLZ U, EGGER-
MONT AMM, COEBERGH JWW, DE VRIES E. Sex is an Independent Prognostic
Indicator for Survival and Relapse/Progression-Free Survival in Metastasized
Stage Il to IV Melanoma: a Pooled Analysis of Five European Organisation
for Research and Treatment of Cancer Randomized controlled trials. J CLIN
ONCOL. 2013;31(18):2337-46.

Prior JC. Perimenopause: the complex endocrinology of the menopausal
transition. ENDOCR REV. 1998;19(4):397-428.

Ozdemir BC, Csajka C, Dotto G, Wagner AD. Sex differences in efficacy and
toxicity of systemic treatments: an undervalued issue in the era of Precision
Oncology. J CLIN ONCOL. 2018;36(26):2680-3.

Joerger M, Huitema ADR, van den Bongard DHJG, Schellens JHM, Beijnen
JH. Quantitative effect of gender, age, liver function, and body size on the
Population Pharmacokinetics of Paclitaxel in patients with solid tumors. CLIN
CANCER RES. 2006;12(7):2150-7.

Benet LZ, Cummins CL, Wu CY. Unmasking the dynamic interplay between
efflux transporters and metabolic enzymes. Int J Pharm. 2004;277(1-2):3-9.
Schmetzer O, Flércken A. Sex differences in the Drug Therapy for Oncologic
Diseases. In. Berlin, Heidelberg: Springer Berlin Heidelberg; 2012. pp. 411-42.
Nagar R, Khan AR, Poonia A, Mishra PK, Singh S. Metabolism of cisplatin in the
organs of Rattus norvegicus: role of glutathione S-transferase P1. Eur J Drug
Metab Pharmacokinet. 2015;40(1):45-51.

Marcu LG. Gender and sex-related differences in normal tissue effects
Induced by Platinum compounds. Pharmaceuticals. 2022;15(2):255.

Gusella M, Crepaldi G, Barile C, Bononi A, Menon D, Toso S, Scapoli D, Stievano
L, Ferrazzi E, Grigoletto F, et al. Pharmacokinetic and demographic markers



Cui et al. BMC Cancer

27.

28.

29.

30.

32.

33.

34.

35.

(2023) 23:1146

of 5-fluorouracil toxicity in 181 patients on adjuvant therapy for Colorectal
cancer. ANN ONCOL. 2006;17(11):1656-60.

Mueller F, Blichel B, Kdberle D, Schiirch S, Pfister B, Krdhenbihl S, Froehlich TK,
Largiader CR, Joerger M. Gender-specific elimination of continuous-infusional
5-fluorouracil in patients with gastrointestinal malignancies: results from a
prospective population pharmacokinetic study. CANCER CHEMOTH PHARM.
2013;71(2):361-70.

Soldin OP, Mattison DR. Sex differences in Pharmacokinetics and Pharmaco-
dynamics. CLIN PHARMACOKINET. 2009;48(3):143-57.

Haupt S, Caramia F, Klein SL, Rubin JB, Haupt Y. Sex disparities matter in
cancer development and therapy. NAT REV CANCER. 2021;21(6):393-407.
Geller SE, Koch A, Pellettieri B, Carnes M. Inclusion, analysis, and reporting of
sex and race/ethnicity in clinical trials: have we made progress? J Womens
Health (Larchmt). 2011;20(3):315-20.

Cannistra SA. Phase Il trials in journal of clinical oncology. J CLIN ONCOL.
2009,27(19):3073-6.

Janmahasatian S, Duffull SB, Ash S, Ward LC, Byrne NM, Green B. Quantifica-
tion of lean bodyweight. CLIN PHARMACOKINET. 2005;44(10):1051-65.
Nguyen GK, Mellnick VM, Yim AK, Salter A, Ippolito JE. Synergy of sex dif-
ferences in visceral Fat measured with CT and Tumor Metabolism helps
Predict overall survival in patients with renal cell carcinoma. Radiology.
2018,287(3):884-92.

Wheatley-Price P, Blackhall F, Lee SM, Ma C, Ashcroft L, Jitlal M, Qian W,
Hackshaw A, Rudd R, Booton R, et al. The influence of sex and histology on
outcomes in non-small-cell Lung cancer: a pooled analysis of five random-
ized trials. ANN ONCOL. 2010;21(10):2023-8.

Elsaleh H, Joseph D, Grieu F, Zeps N, Spry N, lacopetta B. Association of
tumour site and sex with survival benefit from adjuvant chemotherapy in
Colorectal cancer. Lancet. 2000;355(9217):1745-50.

36.

37.

38.

39.

40.

41.

Page 11 of 11

Friedman CJ, Burris HR, Yocom K, Blackburn LM, Gruben D. Oral granisetron
for the prevention of acute late onset nausea and vomiting in patients
treated with moderately emetogenic chemotherapy. ONCOLOGIST.
2000;5(2):136-43.

Tsavaris N, Mylonakis N, Bacoyiannis C, Kosmas C, Kalergis G, lakovidis V,
Tzaninis D, Kosmidis P. Factors that influence the antiemetic activity of meto-
clopramide to cisplatin based chemotherapy. ONCOL REP. 1998;5(5):1147-55.
Osoba D, Zee B, Pater J, Warr D, Latreille J, Kaizer L. Determinants of post-
chemotherapy nausea and vomiting in patients with cancer. Quality of

life and Symptom Control Committees of the National Cancer Institute of
Canada Clinical Trials Group. J CLIN ONCOL. 1997;15(1):116-23.

Osoba D, Zee B, Pater J, Warr D, Latreille J, Kaizer L. Gender-dependent radio-
therapy: the next step in personalised medicine?. Critical Rev Oncol Hematol.
2020;147:102881 https://doi.org/10.1016/j.critrevonc.2020.102881.

De Courcy L, Bezak E, Marcu LG. Gender differences in radiation therapy
effects in male and female patients with head and neck cancer. Int J

Radiat Oncol Biol Phys. 2018;100(5):1400-1401 https://doi.org/10.1016/].
ijrobp.2017.12.240.

Yao Z, Cgeng B. Morbidity in patients with nasopharyngeal carcinoma and
radiation-induced skin lesions: cause, risk factors, and dermatitis evolu-

tion and severity. Adv Skin Wound Care. 2021. https://doi.org/10.1097/01.
ASW.0000797952.41753 f4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.critrevonc.2020.102881
https://doi.org/10.1016/j.ijrobp.2017.12.240
https://doi.org/10.1016/j.ijrobp.2017.12.240
https://doi.org/10.1097/01.ASW.0000797952.41753.f4
https://doi.org/10.1097/01.ASW.0000797952.41753.f4

	﻿Impact of sex on treatment-related adverse effects and prognosis in nasopharyngeal carcinoma
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants
	﻿Study variables
	﻿Treatment and follow-up
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Survival analysis
	﻿Adverse reactions

	﻿Discussion
	﻿Conclusion
	﻿References


