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Abstract

Background: Biological sex and gender have been reported to affect incidence and overall survival (OS) of curatively treated
gastroesophageal cancer. The aim of this study was to compare palliative treatment allocation and OS between women and
men with advanced gastroesophageal cancer. Methods: Patients with an unresectable or metastatic esophageal (including
cardia) adenocarcinoma (EAC) or squamous cell carcinoma (ESCC) or gastric adenocarcinoma (GAC) diagnosed in 2015-2018
were identified in the Netherlands Cancer Registry. Treatment allocation was compared using v2 tests and multivariable
logistic regression analyses, and OS using the Kaplan-Meier method with log-rank test and Cox proportional hazards analy-
sis. All statistical tests were 2-sided. Results: Of patients with EAC (n¼3077), ESCC (n¼794), and GAC (n¼1836), 18.0%, 39.4%,
and 39.1% were women, respectively. Women less often received systemic treatment compared with men for EAC (42.7% vs
47.4%, P¼ .045) and GAC (33.8% vs 38.8%, P¼ .03) but not for ESCC (33.2% vs 39.5%, P¼ .07). Women had a lower probability of
receiving systemic treatment for GAC in multivariable analyses (odds ratio [OR] ¼ 0.79, 95% confidence interval [CI] ¼ 0.62 to
1.00) but not for EAC (OR ¼ 0.86, 95% CI ¼ 0.69 to 1.06) and ESCC (OR ¼ 0.81, 95% CI ¼ 0.57 to 1.14). Median OS was lower in
women with EAC (4.4 vs 5.2 months, P¼ .04) but did not differ after adjustment for patient and tumor characteristics and
systemic treatment administration. Conclusions: We observed statistically significant and clinically relevant gender
differences in systemic treatment administration and OS in advanced gastroesophageal cancer. Causes of these disparities
may be sex based (ie, related to tumor biology) as well as gender based (eg, related to differences in treatment choices).

Gastroesophageal cancer occurs more frequently in men (1-3).
In the Netherlands, approximately 750 women are diagnosed
with an esophageal or gastroesophageal junction or cardia car-
cinoma annually compared with 2200 men (1). This difference is
smaller in gastric cancer, with a yearly incidence of 450 women
and 700 men (1).

Although the overrepresentation of men in the incidence of
gastroesophageal cancer has been described frequently (2-4),
less is known about gender differences in outcomes in this pa-
tient population. Overall, men have poorer outcomes in a wide
range of cancer types (1–6). However, poorer survival in women
has been described in gastric cancer (7,8), whereas similar

survival rates in women have been observed in esophageal can-
cer (4,9) and even better outcomes in women younger than
55 years with esophageal squamous cell carcinoma (ESCC) (9).

Causes of disparities in incidence and outcomes between
men and women with gastroesophageal cancer can be based on
either biological factors (ie, sex) or sociocultural factors (ie,
gender-related factors). Biological factors include differences in
the distribution of molecular subtypes or genetic causes (10).
Gender-based causes may include individual exposure to risk
factors such as obesity, smoking, and alcohol (9,11), but also
treatment choices and factors associated with the need for and
access to health care (12).
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Earlier studies comparing outcomes between women and
men in metastatic gastroesophageal cancer did not consider the
use of palliative systemic treatment (8,9), although this may dif-
fer and influence survival. Exploration of differences in both
clinical characteristics and the probability of receiving treat-
ment in advanced gastroesophageal cancer could help to pro-
vide an understanding of possible differences in outcome. The
aim of this population-based study was to compare patient and
tumor characteristics as well as treatment allocation and over-
all survival (OS) between women and men in a nationwide co-
hort of patients with unresectable or metastatic
gastroesophageal cancer.

Methods

Data Collection

Patients 18 years or older with a histologically confirmed esoph-
ageal (including gastroesophageal junction or cardia) adenocar-
cinoma (EAC) or ESCC or gastric adenocarcinoma (GAC)
diagnosed with synchronous metastases (cM1) or an unresect-
able carcinoma at initial diagnosis between 2015 and 2018 were
identified from the Netherlands Cancer Registry (NCR). The NCR
is a population-based registry that covers the total Dutch popu-
lation of more than 17 million people and is directly linked to
the nationwide network and registry of histo- and cytopathol-
ogy that comprises all histologically confirmed cancer diagno-
ses. The hospital in which the initial diagnostic assessment was
performed was considered the hospital of diagnosis. Patient
and tumor characteristics at initial diagnosis, including gender
identity, and information about initial treatment and follow-up
were extracted from the hospital’s medical records by specially
trained data managers. Data on vital status were obtained by
annual linkage to the Dutch Personal Records Database and
updated until February 1, 2020. Clinical staging was performed
according to the TNM seventh (2015-2016) and eighth editions
(2017-2018) (13,14). Dutch guidelines recommend initial staging
with gastroscopy with biopsies and CT scan in all patients, and
endoscopic ultrasonography, fluorodeoxyglucose positron
emission tomography/CT, and diagnostic laparoscopy on indi-
cation (15,16).

Type of treatment was subdivided in the following catego-
ries: systemic treatment, radiotherapy on the primary tumor
(without systemic treatment), radiotherapy on metastases, or
surgical resection. Systemic treatment was also subdivided in
chemoradiotherapy (ie, systemic treatment with long scheme
radiotherapy, ie, �23 fractions) and systemic treatment without
long-term radiotherapy. If none of these treatments was ap-
plied, patients were assumed to have received best supportive
care only.

Statistical Analysis

All analyses were fully stratified for primary tumor location in
combination with histology: EAC, ESCC, and GAC. Patient and
tumor characteristics were displayed with counts and percen-
tages or medians and interquartile ranges (IQRs) for men and
women separately. Differences were analyzed using v2, Fisher
exact, or Mann-Whitney U tests, whichever was appropriate.
Unadjusted differences in the probability of receiving systemic
treatment between genders were analyzed with v2 tests. To
identify possible differences in systemic treatment administra-
tion among age groups, age-stratified v2 tests were also

performed. Additionally, multivariable logistic regression analy-
ses were used to identify the adjusted difference between gen-
ders in the probability of receiving systemic treatment. Age,
performance status, number of comorbidities, Lauren classifica-
tion (only for EAC and GAC subgroups), tumor stage, metastases
locations, and hospital volume were included in the full model
as covariates. Hospital volume is associated with the probability
of receiving curative or palliative treatment for gastroesopha-
geal cancer in the Netherlands (17–19) and was calculated using
the number of patients diagnosed with gastroesophageal cancer
per hospital in 2015-2018, subdivided in quartiles based on
these volumes. Statistical significance of the adjusted differen-
ces between genders was determined with likelihood-ratio
tests, comparing the full model with the full model without
gender.

OS was calculated from day of diagnosis in survival analyses
for all EAC, ESCC, and GAC patients, and log-rank tests were
performed to compare OS between genders. Multivariable Cox
proportional hazards analyses were used to determine the ef-
fect of gender on OS by comparing the models including gender,
the interaction between gender and systemic treatment, treat-
ment, and clinical covariates (age, performance status, number
of comorbidities, tumor stage, Lauren classification [in EAC and
GAC], metastases locations, and hospital volume) with a model
including systemic treatment and clinical covariates only by us-
ing likelihood-ratio tests. Adequacy of the proportional hazards
assumption was tested using Kaplan-Meier curves for survival
functions.

All tests were 2-sided, and a P value less than .05 was consid-
ered statistically significant. Analyses were performed using
SAS software (version 9.4, SAS Institute, Cary, NC).

Ethical Approval

According to the Central Committee on Research involving
Human Subjects, this type of study does not require approval
from an ethics committee in the Netherlands. The study was
approved by the Privacy Review Board of the NCR and the scien-
tific committee of the Dutch Upper GI Cancer Group. The report-
ing of this study followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines (47).

Results

Patient Selection

After exclusion of patients with a carcinoma not otherwise
specified (n¼ 313), 5707 patients with an advanced gastroesoph-
ageal adenocarcinoma or squamous cell carcinoma were identi-
fied (Figure 1). Carcinoma not otherwise specified was equally
distributed among men and women.

Of all 5707 patients with an unresectable carcinoma and/or
metastases tumor included, most patients had an EAC
(n¼ 3077, 53.9%), followed by GAC (n¼ 1836, 32.1%) and ESCC
(n¼ 794, 13.9%). Of EAC, ESCC, and GAC patients, 18.0%, 39.4%,
and 39.1% were women, respectively.

Baseline Characteristics

In all subtypes, patients older than 75 years were more fre-
quently women (Table 1). Women with EAC and GAC had fewer
comorbidities than men. Women with GAC more often had a
diffuse-type tumor (39.1%) compared with men (31.9%) and less
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often an intestinal tumor type (28.0% vs 34.3%, P¼ .01). The pro-
portion of diffuse GACs declined with increasing age in both
genders. In women, this proportion declined gradually from
50.9% in patients aged 55 years and younger to 30.5% in patients
older than 75 years compared with 44.0% to 28.4%, respectively,
in men. A signet cell histology was relatively more frequently
found in women with EAC (5.8% vs 3.8%, P¼ .046) and GAC
(17.8% vs 11.8%, P< .001). Women with EAC less often had dis-
tant metastases at 2 or more locations (43.1% vs 49.4%, P¼ .007).
Women with ESCC and GAC less often had liver metastases
(19.2% vs 25.8%, P¼ .03, and 24.6% vs 36.3%, P < .001, respec-
tively), whereas peritoneal metastases of GAC were more often
diagnosed in women (55.8% vs 49.4%, P¼ .008). There were no
differences in performance and HER2 status between women
and men in any of the groups.

Treatment

Among women with EAC, 42.7% received systemic treatment
(including chemoradiotherapy) compared with 47.4% of men
with EAC (P¼ .045), a difference that was observed in GAC as
well (33.8% vs 38.8%, P¼ .03; Table 2; Figure 2). The proportion of
women treated with systemic therapy for ESCC was not statisti-
cally significant lower (33.2%) than in men (39.5%, P¼ .07). The
proportion of women who received best supportive care only
was larger for EAC (35.3% vs 30.5%, P¼ .03) and GAC (58.4% vs
51.1%, P¼ .003) and did not differ for ESCC (31.6% vs 29.9%,
P¼ .61).

When stratified for age, the proportion of women aged
55 years and younger who received systemic treatment was sta-
tistically significantly higher for EAC compared with men (79.5%
vs 65.7%, P¼ .02; Figure 2) and did not differ for ESCC (59.1% vs
54.8%, P¼ .74) and GAC (67.6% vs 63.4%, P¼ .50). Women with

EAC aged 56-65 years less often received systemic treatment
compared with men (50.3% vs 61.3%, P¼ .01). Among women
with ESCC older than 75 years, the proportion who received sys-
temic treatment was 8.6% compared with 22.4% of men (P¼ .02).
When we restricted our analyses to patients aged 76-80 years in
the highest age subgroup (ie, >75 years), because the proportion
of women older than 80 in this subgroup was larger than in
men, systemic treatment administration in women compared
with men did not statistically significantly differ in EAC (33.3%
vs 26.2%, respectively, P¼ .27), ESCC (11.9% vs 27.5%, P¼ .06), or
GAC (17.3% vs 21.8%, P¼ .32).

The adjusted odds ratios (ORs) for receiving systemic treat-
ment for women with EAC, ESCC, and GAC were 0.86 (95% confi-
dence interval [CI] ¼ 0.69 to 1.06), 0.81 (95% CI ¼ 0.57 to 1.14),
and 0.79 (95% CI ¼ 0.62 to 1.00; Table 3), respectively.
Accordingly, the results of the likelihood-ratio tests were in line
with these results: GAC (v2

1 ¼ 4.01, P¼ .045), EAC (v2
1 ¼ 1.95,

P¼ .16), and ESCC (v2
1 ¼ 1.47, P¼ .23).

Increasing age and higher performance status were indepen-
dently associated with a lower probability of systemic treat-
ment administration in all groups. In EAC and ESCC, being
diagnosed in a high-volume hospital was associated with a
higher chance of receiving systemic treatment. If hospital vol-
ume was not added to the model, then the adjusted odds ratios
for women with EAC, ESCC, and GAC were 0.86 (95% CI ¼ 0.96 to
1.07), 0.81 (95% CI ¼ 0.58 to 1.14), and 0.80 (95% CI ¼ 0.63 to 1.00),
respectively.

Overall Survival

A statistically significant difference in median OS to the disad-
vantage of women compared with men was observed in EAC
(4.4 months, IQR ¼ 1.9-9.9 months vs 5.2 months, IQR ¼ 2.0-11.0

Figure 1. Flowchart of patient selection. Patients displayed in the blue boxes were included for analyses.
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Table 1. Baseline characteristics of included patients (n¼ 5707)

Characteristics

EAC (n¼ 3077) ESCC (n¼ 794) GAC (n¼ 1836)

Men Women P Men Women P Men Women P
(n¼ 2522) (n¼ 555) (n¼ 481) (n¼ 313) (n¼ 1117) (n¼ 719)

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Age, y
�55 329 (13.0) 78 (14.1) .01a 42 (8.7) 22 (7.0) .005a 134 (12.0) 108 (15.0) .009a

56-65 695 (27.6) 153 (27.6) 154 (32.0) 81 (25.9) 201 (18.0) 121(16.8)
66-75 947 (37.5) 173 (31.2) 209 (43.5) 129 (41.2) 401 (35.9) 211 (29.3)
>75 551 (21.8) 151 (27.2) 76 (15.8) 81 (25.9) 381 (34.1) 279 (38.8)

Performance
status

.09b .72b .07b

0-1 1325 (52.5) 263 (47.4) 236 (49.1) 146 (46.6) 483 (43.2) 272 (37.8)
�2 403 (16.0) 101 (18.2) 92 (19.1) 59 (18.8) 188 (16.8) 137 (19.1)
Unknown 794 (31.5) 191 (34.4) 153 (31.8) 108 (34.5) 446 (39.9) 310 (43.1)

No. of
comorbidities

.045b .17b .002b

0 1174 (46.6) 284 (51.2) 203 (42.2) 144 (46.0) 487 (43.6) 362 (50.3)
1 756 (30.0) 168 (30.3) 153 (31.8) 109 (34.8) 355 (31.8) 211 (29.3)
�2 467 (18.5) 76 (13.7) 100 (20.8) 49 (15.7) 218 (19.5) 100 (13.9)
Unknown 125 (5.0) 27 (4.9) 25 (5.2) 11 (3.5) 57 (5.1) 46 (6.4)

Tumor stage .06b .62b .41b

cT4bM0 26 (1.0) 11 (2.0) 88 (18.3) 53 (16.9) 67 (6.0) 50 (7.0)
cM1 2496 (99.0) 544 (98.0) 393 (81.7) 260 (83.1) 1050 (94.0) 669 (93.0)

Lauren
classificationb

.15b .01b

Intestinal 1118 (44.3) 241 (43.4) — — 383 (34.3) 201 (28.0)
Diffuse 352 (14.0) 99 (17.8) — — 356 (31.9) 281 (39.1)
Mixed 46 (1.8) 12 (2.2) — — 39 (3.5) 24 (3.3)
Indeterminate 72 (2.9) 12 (2.2) — — 10 (0.9) 10 (1.4)
Unknown 934 (37.0) 191 (34.4) — — 329 (29.5) 203 (28.2)

Signet ring cell
carcinomab

98 (3.9) 32 (5.8) .046b — — 132 (11.8) 128 (17.8) <.001b

Differentiation
grade

.30b .11b .18b

Good/moderate 637 (25.3) 135 (24.3) 159 (33.1) 122 (39.0) 158 (14.1) 87 (12.1)
Poor 1088 (43.1) 259 (46.7) 156 (32.4) 82 (26.2) 636 (56.9) 440 (61.2)
Unknown 797 (31.6) 161 (29.0) 166 (34.5) 109 (34.8) 323 (28.9) 192 (26.7)

HER2 statusb .36b .12b

Positive 378 (15.0) 78 (14.1) — — 98 (8.8) 47 (6.5)
Negative 1145 (45.4) 239 (43.1) — — 555 (49.7) 348 (48.4)
Unknown 999 (39.6) 238 (42.9) — — 464 (41.5) 324 (45.1)

Metastases
locations

.007b .33b .55b

0 26 (1.0) 11 (2.0) 88 (18) 53 (17) 67 (6) 50 (7)
1 1249 (49.5) 305 (55.0) 234 (49) 169 (54) 660 (59) 409 (57)
�2 1247 (49.4) 239 (43.1) 159 (33) 91 (29) 390 (35) 260 (36)

Extraregional
lymph node
metastases

1230 (48.8) 264 (47.6) .61b 233 (48.4) 154 (49.2) .83b 316 (28.3) 172 (23.9) .04b

Liver metastases 1347 (53.4) 281 (50.6) .24b 124 (25.8) 60 (19.2) .03b 406 (36.3) 177 (24.6) <.001b

Peritoneal
metastases

251 (10.0) 65 (11.7) .22b 15 (3.1) 6 (1.9) .30b 552 (49.4) 401 (55.8) .008b

Lung metastases 592 (23.5) 112 (20.2) .10b 125 (26.0) 85 (27.2) .72b 127 (11.4) 78 (10.8) .73b

Bone metastases 495 (19.6) 87 (15.7) .03b 68 (14.1) 42 (13.4) .78b 76 (6.8) 58 (8.1) .31b

Other metastases
locations

394 (15.6) 75 (13.5) .21b 52 (10.8) 28 (8.9) .48b 104 (9.3) 107 (14.9) <.001b

aP value was calculated using a 2-sided v2 test. EAC ¼ esophageal adenocarcinoma; ESCC ¼ esophageal squamous cell carcinoma; GAC ¼ gastric adenocarcinoma; IQR

¼ interquartile range.
bLauren classification, signet ring cell carcinoma, and HER2 status are applicable only in esophageal and gastric adenocarcinomas.
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months, P¼ .04), but not in ESCC (5.9 months, IQR ¼ 2.5-12.5
months vs 5.4 months, IQR ¼ 10.9-2.3 months, P¼ .86) and GAC
(3.8 months, IQR ¼ 1.5-8.6 months vs 4.0 months, IQR ¼ 1.4-9.8
months, P¼ .17; Figure 3).

The median OS of patients who received systemic treatment
did not differ between women and men with EAC (8.0 months,
IQR ¼ 3.7-15.0 months vs 8.6 months, IQR ¼ 4.1-16.2 months,
P¼ .63), ESCC (11.1 months, IQR ¼ 3.8-18.4 months vs 8.9
months, IQR ¼ 4.6-20.0 months, P¼ .81), or GAC (7.2 months, IQR
¼ 3.7-12.4 months vs 7.9 months, IQR ¼ 3.4-14.0 months, P¼ .35;
Figure 4).

After comparison of multivariable Cox regression models,
women did not have an increased risk of dying after adjustment
for clinical covariates, systemic treatment, and the interaction
between gender and systemic treatment (EAC: hazard ratio [HR]

¼ 0.99, 95% CI ¼ 0.88 to 1.12, v2
1 ¼ 0.24, P¼ .89; ESCC: HR ¼ 0.93,

95% CI ¼ 0.78 to 1.12, v2
1 ¼ 0.72, P¼ .70; GAC: HR ¼ 0.97, 95% CI ¼

0.86 to 1.10, v2
1 ¼ 0.23, P¼ .89; Table 4). The association between

systemic treatment and OS was statistically significant in all
groups, whereas no independent association between gender or
the interaction between gender and systemic treatment was ob-
served in any of the groups (Table 4).

Discussion

In addition to the well-known disparity in gastroesophageal
cancer incidence between women and men, our results in a na-
tionwide cohort of patients with unresectable or metastatic gas-
troesophageal cancer revealed statistically significant and
clinically relevant gender differences in both patient

Table 2. Treatment characteristics of included patients stratified for tumor location and histology

Type of treatment

EAC (n¼ 3077) ESCC (n¼ 794) GAC (n¼ 1836)

Men Women Pa Men Women Pa Men Women Pa

(n¼ 2522) (n¼555) (n¼ 481) (n¼ 313) (n¼ 1117) (n¼ 719)
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Systemic treatment (including
chemoradiotherapy)

1195 (47.4) 237 (42.7) .045 190 (39.5) 104 (33.2) .07 433 (38.8) 243 (33.8) .03

Systemic treatment (but not
chemoradiotherapyb)

1115 (44.2) 217 (39.1) .03 91 (18.9) 53 (16.9) .48 431 (38.6) 241 (33.5) .03

Chemoradiotherapyb 80 (3.2) 20 (3.6) .60 99 (20.6) 51 (16.3) .13 2 (0.2) 2 (0.5) .66
Radiotherapy primary tumor

(without systemic treatment)
495 (19.6) 113 (20.4) .70 131 (27.2) 104 (33.2) .07 68 (6.1) 26 (3.6) .02

Radiotherapy metastases 217 (8.6) 33 (5.9) .04 36 (7.5) 23 (7.3) .94 18 (1.6) 19 (2.6) .13
Surgical resection 39 (1.5) 12 (2.2) .30 18 (3.7) 10 (3.2) .68 76 (6.8) 40 (5.6) .28
Best supportive care only 769 (30.5) 196 (35.3) .03 144 (29.9) 99 (31.6) .61 571 (51.1) 419 (58.3) .003

aTwo-sided P values are from v2 tests. EAC ¼ esophageal adenocarcinoma; ESCC ¼ esophageal squamous cell carcinoma; GAC ¼ gastric adenocarcinoma.
bChemoradiotherapy was defined as systemic treatment with concurrent long-term radiotherapy.

Figure 2. Systemic treatment administration (including chemoradiotherapy) stratified for gender and age in patients with esophageal adenocarcinoma (EAC), esopha-

geal squamous cell carcinoma (ESCC), and gastric adenocarcinoma (GAC). Statistically significant differences between men and women are marked with asterisks. The

exact number of men and women per age group is listed in Table 2. P values were calculated using a 2-sided v2 test.
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characteristics (eg, less comorbidities in women), tumor charac-
teristics (eg, more often a diffuse histology in women), patterns
of metastasis (eg, less often liver metastasis and more often
peritoneal metastasis in women), and treatment allocation (less
systemic treatment administration in women). Most impor-
tantly, although women have a decreased risk of dying from
many cancer types (2–4), we observed an increased risk of dying
in women with EAC. Because these survival disparities were not
observed in women and men who received systemic treatment
and in multivariable analyses after adjustment for clinical cova-
riates and systemic treatment, this gap could at least partly be
explained by the smaller proportion of women treated with sys-
temic therapy, which was observed especially in patients older
than 55 years. Our findings support the assumption that both
sex- and gender-based factors could contribute to disparities in
treatment allocation and outcomes of patients with unresect-
able and metastatic esophageal and gastric cancer. A clear

distinction between sex-based causes (eg, differences in tumor
biology) and gender-based factors (ie, those related to sociocul-
tural factors and behavior) is important to understand these
differences.

Sex-based causes of the observed survival gap could include
different exposure to sex hormones as well as differences in tu-
mor biology. An explanation could be the suggested protective
effect of female sex hormones (estrogens) because a more ag-
gressive cancer biology has been observed in men and postmen-
opausal women compared with premenopausal women in
several cancer types, including esophageal cancer (9,20).
Interestingly, we observed that women were more often diag-
nosed with a diffuse-type GAC and signet cell ring EAC and
GAC, which is in line with earlier studies (7,21) and may have
contributed to their poorer survival rates (22). Moreover, women
more often had peritoneal and less often liver metastasis, which
is in line with colorectal cancer and likely to reflect differences

Table 3. Multivariable logistic regression analyses for the probability of receiving systemic treatment (including chemoradiotherapy) in EAC,
ESCC, and GAC patients

Characteristics

EAC (n¼ 3077) ESCC (n¼ 794) GAC (n¼ 1836)

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Gender
Men Referent Referent Referent
Women 0.86 (0.69 to 1.06) .16b 0.81 (0.57 to 1.14) .23c 0.79 (0.62 to 1.00) .046d

Age 0.93 (0.92 to 0.94) <.001 0.94 (0.92 to 0.96) <.001 0.91 (0.91 to 0.93) <.001
Performance status

0-1 Referent <.001 Referent <.001 Referent <.001
�2 0.18 (0.14 to 0.23) 0.28 (0.17 to 0.44) 0.29 (0.21 to 0.40)
Unknown 0.29 (0.24 to 0.34) 0.21 (0.14 to 0.32) 0.24 (0.19 to 0.31)

No. of comorbidities
0 Referent .004 Referent .80 Referent <.001
1 0.88 (0.74 to 1.06) 0.95 (0.65 to 1.39) 0.99 (0.77 to 1.28)
�2 0.65 (0.53 to 0.82) 0.79 (0.49 to 1.27) 0.55 (0.39 to 0.78)
Unknown 1.07 (0.72 to 1.57) 1.04 (0.45 to 2.33) 0.57 (0.34 to 0.94)

Lauren classification
Intestinal Referent .01 N/A — Referent .45
Diffuse 0.73 (0.57 to 0.93) — 0.85 (0.64 to 1.14)
Mixed 1.24 (0.67 to 2.34) — 0.74 (0.39 to 1.38)
Indeterminate 0.81 (0.50 to 1.34) — 0.45 (0.12 to 1.65)
Unknown 0.75 (0.63 to 0.90) — 0.80 (0.60 to 1.07)

Stage
cT4bM0 0.93 (0.45 to 2.07) 1.26 (0.70 to 2.28) 0.73 (0.43 to 1.25)
cM1 Referent .87 Referent .43 Referent .25

Hospital volumea

Q1 0.76 (0.57 to 1.00) 0.55 (0.29 to 1.05) 0.93 (0.63 to 1.38)
Q2 1.12 (0.89 to 1.40) 0.43 (0.26 to 0.72) 1.24 (0.92 to 1.66)
Q3 1.15 (0.93 to 1.40) 0.75 (0.51 to 1.10) 0.81 (0.61 to 1.07)
Q4 Referent .03 Referent .007 Referent .07

Extraregional lymph node metastases 0.90 (0.76 to 1.07) .22 1.11 (0.71 to 1.70) .63 0.82 (0.62 to 1.08) .16
Liver metastases 1.20 (1.03 to 1.43) .046 1.04 (0.66 to 1.61) .88 1.10 (0.83 to 1.48) .50
Peritoneal metastases 0.74 (0.57 to 0.98) .04 0.63 (0.20 to 1.97) .43 0.85 (0.64 to 1.13) .26
Lung metastases 0.91 (0.74 to 1.10) .32 0.73 (0.48 to 1.10) .14 0.91 (0.63 to 1.31) .60
Bone metastases 0.81 (0.62 to 1.00) .05 0.44 (0.25 to 0.78) .004 0.55 (0.35 to 0.86) .009
Other metastases locations 0.61 (0.48 to 0.77) <.001 0.58 (0.31 to 1.09) .09 1.10 (0.78 to 1.57) .59

aVolume of hospital of diagnosis. Per hospital, the volume of gastroesophageal cancer patients diagnosed with gastroesophageal cancer between 2015 and 2018 was

calculated. Subsequently, hospitals were categorized into quartiles (Q1-4) according to these volumes, which resulted in hospitals in which less than 25 (Q1), 25-61

(Q2), 61-140 (Q3), and over 140 (Q4) patients were diagnosed in 2015-2018. CI ¼ confidence interval; cM1 ¼ metastatic; EAC ¼ esophageal adenocarcinoma; ESCC ¼
esophageal squamous cell carcinoma; GAC ¼ gastric adenocarcinoma; OR ¼ odds ratio.
bLikelihood-ratio tests comparing the full model and the full model without gender: EAC: v2 ¼ 1.95, 2-sided P¼ .16.
cLikelihood-ratio tests comparing the full model and the full model without gender: ESCC: v2 ¼ 1.47, 2-sided P¼ .23.
dLikelihood-ratio tests comparing the full model and the full model without gender: GAC: v2 ¼ 4.01, 2-sided P¼ .045.
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in tumor biology, because peritoneal metastases are more fre-
quently found in patients with a diffuse histology tumor (23,24).
Other sex differences in tumor biology of gastroesophageal can-
cer are increasingly reported as well. For example, women with
GAC more frequently have a microsatellite instable tumor,
whereas tumors associated with the Epstein-Barr virus are
more frequently found in men (21). In addition, sex differences
in efficacy and toxicity of systemic treatment have been
reported (5,30,31) and may have contributed to differences in
survival as well. Unfortunately, data on toxicity as well as mi-
crosatellite instable tumors were not available in our study.
More research on differences in biology and treatment response
is necessary to understand differences in outcome and improve
the balance between efficacy and toxicity for both men and
women.

Female sex hormones may not only influence tumor biology
or treatment response but also play a role in the development
of gastroesophageal cancer. Although risk factors such as ab-
dominal adiposity and gastroesophageal reflux disease are
more common in men, they cannot fully explain the overrepre-
sentation of men in the incidence of EAC (6,10,25). To illustrate,
men have a 2.5 times greater risk to develop a Barrett esophagus
but a 3-7 times greater risk to subsequently develop EAC (11). In
addition, higher incidence rates of ESCC in women compared
with men have been reported despite lower prevalence of the
behavioral risk factors of smoking and alcohol (26). It is

therefore suggested that female sex hormones decrease the risk
of esophageal and gastric cancer (9,20,27–29).

Interestingly, the overall proportion of women with EAC and
GAC who received systemic treatment was statistically signifi-
cantly lower than the proportion of men and numerically lower
in ESCC. Hospital volume was found to play a role in the proba-
bility of receiving systemic treatment in EAC and ESCC but did
not influence the gender disparity in multivariable analysis.
Besides performance status, age, and a diffuse histology, being
a woman was independently associated with a lower chance of
receiving systemic treatment for GAC (OR ¼ 0.79), and, although
not statistically significant, odds ratios were below 1 in EAC (OR
¼ 0.86) and ESCC (OR ¼ 0.79). Moreover, the survival difference
in favor of men with EAC, which was not observed in multivari-
able analysis after adjustment for clinical covariates, systemic
treatment, and the interaction between gender and systemic
treatment, suggests that women are undertreated. These differ-
ences are worrisome, because systemic treatment not only pro-
longs survival (32) but also improves patients’ quality of life (33).
On the other side of the equation, some men could be over-
treated, because only best supportive care may be the best op-
tion in selected patients, for example, those with a short life
expectancy (34). Both over- and undertreatment are examples
of suboptimal care and require further examination.

To understand the gender-based causes for the statistically
significant and clinically relevant difference in treatment

Figure 3. Kaplan-Meier curves for overall survival (OS) in patients with esophageal adenocarcinoma (EAC), esophageal squamous cell carcinoma (ESCC), and gastric ad-

enocarcinoma (GAC), stratified for gender. All statistical tests were 2-sided. cM1 ¼metastatic; cT4b ¼ unresectable.

Figure 4. Kaplan-Meier curves for overall survival (OS) in patients with esophageal adenocarcinoma (EAC), esophageal squamous cell carcinoma (ESCC), and gastric ad-

enocarcinoma (GAC) who received systemic treatment (including chemoradiotherapy), stratified for gender. All statistical tests were 2-sided. Age is in years.
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allocation observed in our study, we propose a research agenda
based on the Andersen healthcare utilization model, a frame-
work that describes 3 domains of determinants for health serv-
ices (12,35). The first domain consists of predisposing factors:
beliefs and preferences of the individual. Gender has earlier
been identified as the most independent predictor of patient
preferences (36). Because, for example, women have appeared
to be more likely to prefer palliative care (37), this may have af-
fected treatment choices. Factors enabling or impeding health-
care use are the second domain and include access to health

insurance or family support. In the Dutch population aged
55 years and older, women are overrepresented and less often
married than men (38,39). Being single has been associated with
a higher probability of refraining from esophageal cancer treat-
ment (40,41). We hypothesize that lack of spousal support may
contribute to different treatment choices. Another factor that
may also impede access in these patients is that physicians
may be influenced by stereotypes and biased in treatment prop-
ositions and recommendations. For example, single patients
have been offered treatment less often because of the

Table 4. Multivariable Cox proportional hazards regression analyses for overall survival in EAC, ESCC, and GAC patients

Characteristics

EAC (n¼ 3077) ESCC (n¼ 794) GAC (n¼ 1836)

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Gender
Men Referent .90b Referent .46c Referent .64d

Women 0.99 (0.88 to 1.12) 0.93 (0.78 to 1.12) 0.97 (0.86 to 1.10)
Systemic treatment 0.32 (0.27 to 0.38) <.001 0.41 (0.31 to 0.53) <.001 0.39 (0.33 to 0.46) <.001
Gendera systemic treatment 0.96 (0.79 to 1.16) .66 0.88 (0.64 to 1.22) .44 0.96 (0.79 to 1.18) .73
Age 1.00 (0.99 to 1.00) .03 0.99 (0.99 to 1.00) .11 1.00 (1.00 to 1.01) .25
Performance status

0-1 Referent Referent Referent
�2 1.66 (1.49 to 1.85) 1.79 (1.46 to 2.19) <.001 1.37 (1.19 to 1.57) <.001
Unknown 1.62 (1.49 to 1.77) <.001 1.64 (1.38 to 1.96) <.001 1.51 (1.35 to 1.68) <.001

No. of comorbidities
0 Referent Referent Referent
1 1.11 (1.02 to 1.22) .02 1.06 (0.90 to 1.26) .49 1.10 (0.98 to 1.23) .12
�2 0.90 (0.81 to 1.01) .06 1.07 (0.87 to 1.31) .53 1.05 (0.91 to 1.21) .52
Unknown 0.95 (0.80 to 1.13) .56 1.22 (0.85 to 1.75) .29 0.93 (0.75 to 1.15) .48

Lauren classification
Intestinal Referent — Referent

Diffuse 1.38 (1.24 to 1.55) <.001 — — 1.29 (1.13 to 1.46) <.001
Mixed 1.65 (1.26 to 2.16) <.001 — — 1.05 (0.80 to 1.37) .74
Indeterminate 1.03 (0.82 to 1.30) .80 — — 0.82 (0.51 to 1.30) .40
Unknown 1.09 (1.00 to 1.18) .05 — — 1.28 (1.13 to 1.45) <.001

HER2 status
Negative Referent — Referent
Positive 0.75 (0.67 to 0.84) <.001 — — 0.97 (0.80 to 1.16) .70
Unknown 1.16 (1.06 to 1.26) <.001 — — 1.13 (1.01 to 1.27) .04

Stage
cT4bM0 1.05 (0.73 to 1.51) .79 1.28 (0.98 to 1.66) .07 0.67 (0.53 to 0.85) .001
cM1 Referent Referent Referent

Hospital volumea

Q1 1.14 (1.00 to 1.29) .04 1.05 (0.80 to 1.39) .74 1.35 (1.14 to 1.59) <.001
Q2 1.09 (0.98 to 1.20) .13 0.98 (0.79 to 1.21) .84 1.45 (1.27 to 1.65) <.001
Q3 1.11 (1.01 to 1.21) .03 0.98 (0.82 to 1.18) .85 1.34 (1.19 to 1.51) <.001
Q4 Referent Referent Referent

Extraregional lymph node metastases 1.27 (1.17 to 1.37) <.001 1.08 (0.90 to 1.29) .39 1.18 (1.05 to 1.33) .005
Liver metastases 1.77 (1.63 to 1.92) <.001 1.88 (1.56 to 2.28) <.001 1.42 (1.26 to 1.60) <.001
Peritoneal metastases 1.85 (1.64 to 2.10) <.001 2.18 (1.39 to 3.42) <.001 1.32 (1.17 to 1.48) <.001
Lung metastases 1.22 (1.12 to 1.33) <.001 1.25 (1.04 to 1.50) .02 1.09 (0.94 to 1.27) .27
Bone metastases 1.42 (1.29 to 1.56) <.001 1.28 (1.03 to 1.59) .03 2.06 (1.71 to 2.49) <.001
Other metastases locations 1.33 (1.19 to 1.47) <.001 1.41 (1.11 to 1.81) .006 1.18 (1.05 to 1.33) .005

aVolume of hospital of diagnosis. Per hospital, the volume of gastroesophageal cancer patients that was diagnosed with gastroesophageal cancer between 2015 and

2018 was calculated. Subsequently, hospitals were categorized into quartiles (Q1-4) according to these volumes, which resulted in hospitals in which less than 25 (Q1),

25-61 (Q2), 61-140 (Q3), and greater than 140 (Q4) patients were diagnosed in 2015-2018. CI ¼ confidence interval; cM1 ¼metastatic; EAC ¼ esophageal adenocarcinoma;

ESCC ¼ esophageal squamous cell carcinoma; GAC ¼ gastric adenocarcinoma; HR ¼ hazard ratio.
bLikelihood-ratio tests comparing the full model and the full model without gender and the interaction between gender and systemic treatment: EAC: v2 ¼ 0.24, 2-sided

P¼ .89.
cLikelihood-ratio tests comparing the full model and the full model without gender and the interaction between gender and systemic treatment: ESCC: v2 ¼ 0.72,

2-sided P¼ .70.
dLikelihood-ratio tests comparing the full model and the full model without gender and the interaction between gender and systemic treatment: GAC: v2 ¼ 0.23, 2-sided

P¼ .89.
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assumption that they do not have enough support (42). Gender
stereotypes are also known to exist in medical diagnosis and
decisions: physicians are more likely to interpret symptoms in
women as psychosocial, and illnesses in men are investigated
and treated more extensively despite the same severity of
symptoms (43–45). Awareness of these unconscious biases
among physicians is urgently needed to narrow the treatment
gap (45). The third domain includes the need factors.
Differences in the need for care may exist, for example, due to
differences in perception of disease symptoms between men
and women (46). Future qualitative studies that explore a
patient’s disease perception and preferences as well as environ-
mental or social factors and physicians’ possible unconscious
biases in proposing and recommending treatments could be
valuable in identifying causes for this disparity.

In conclusion, not only patient characteristics, such as comor-
bidities, but also tumor characteristics, such as histology, as well
as palliative systemic treatment allocation and OS differ statisti-
cally significantly between all men and women with advanced
EAC. Although behavioral factors influence for example the pres-
ence of comorbidities, other differences, such as the higher fre-
quency of women with signet cell GAC, cannot be explained by
differences in behavior and support the hypothesis of a sexual di-
morphism in cancer susceptibility and biology (6,20). An indepen-
dent association between gender and OS was not observed after
adjustment for clinical covariates, treatment, and the interaction
between gender and treatment, suggesting the observed inferior
survival in women with EAC might result from less frequent sys-
temic treatment administration. Thus, more consequent systemic
treatment administration in women may constitute an example
for an opportunity to improve patient outcomes. The reasons for
differences in treatment allocation, including potential differences
in individual preferences and beliefs and the relative contributions
of both physicians and patients, need further investigation.
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