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Background: Men with non-reproductive cancers have a discrepant outcome
compared to women. However, they differ significantly in the incidence of
cancer type and characteristics.

Methods: Patients with single primary cancer who were 18 years or older
and whose data were gathered and made accessible by the Surveillance,
Epidemiology, and End Results (SEER) program were included in this
retrospective analysis. Kaplan-Meier curves and Cox regression before and
after propensity score matching were performed to analyze the risk survival
by sex.

Results: Among the 1,274,118 patients included [median (range) age, 65 year
(18-85+) years; 688,481 (54.9%) male]. The median follow-up was 21 months
(0—191). Substantial improvements in survival were observed for both sexes
during the years of inclusion analyzed, with no difference between them,
reaching a reduction of almost 17% of deaths in 2010, and of almost 28% in
2015, compared to 2004. The women had a median survival of 74 months
and overall mortality of 48.7%. Males had a median survival of 30 months
(29.67-30.33) with an overall mortality of 56.2%. The PSM showed a reduced
difference (6 months shorter median survival and 2.3% more death in men),
but no change in hazards was observed compared to the unmatched analysis
[adjusted HR: 0.888 (0.864-0.912) vs. 0.876 (0.866—-0.886) in unmatched].

Conclusions: The discrepancy in survival between men and women is not
explained only by the incidence of more aggressive and more advanced
cancers in the former.
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1. Introduction

Cancer is the leading cause of death among men and women,
especially in developed countries (1). Cancer, like many diseases,
can develop and progress in function of several factors (2).
In this regard, gender is a considerable factor. Despite the
increased incidence in women, men develop more cancers and
have higher mortality than women (1, 3), in addition to the
higher incidence of tumors, including non-reproductive tumors,
of which men stand out (3). This difference in cancer risk
between men and women may be attributable to a number
of previously identified causes, like risky lifestyle—including
greater alcohol consumption, smoking and delayed diagnosis -,
impact of genetics, and sex hormones (2). All these factors affect
men’s metabolism, inflammation, and immunity, increasing
their chance of getting and dying from cancer (4).

The recognition of this disparity has been more studied in
the last decade after changes in the policies of preclinical and
clinical research policies of the US National Institutes of Health
(NIH) (4, 5). Studies have been developed using robust data
sources to analyze sex differences in cancer risk and survival
have been developed (6). In the United States, the Surveillance,
Epidemiology, and End Results (SEER) Program provides an
epidemiological database for researchers to analyze large cohorts
of populations, which is a substantial resource to support new
guidelines related to patient care, including cancer patients (7).

In view of the numerous scientific evidence, coming from
large population bases, there is an increasing search to refine
research, with appropriate design and analysis, in order to
avoid failures that could result in statistically significant, but
misleading, imprecise, or false conclusions (8).

In this sense, the present study aims to analyze the
association of sex in the survival of the most prevalent
solid cancers in both sexes after correcting the imbalance of
potential confounding factors that can generate biases and/or
spurious associations.

2. Material and methods

Retrospective observational study based on the Surveillance,
Epidemiology and End Results (SEER) program [17 registries,
Nov 2021 (2000-2019)] database, enrolling patients treated
between 2004 and 2015. The database was analyzed with the ID
14659-Nov2021. Cancer-specific survival was measured as the
main outcome.

2.1. Selection criteria
Patients 18 years of age or older diagnosed with a single

primary cancer at the following sites were included: anus, anal
canal and anorectal, appendix, rectosigmoid junction, rectum,
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sigmoid colon, descending colon, splenic flexure, hepatic flexure,
transverse colon, ascending colon, cecum, esophagus, stomach,
pancreas, kidney and renal pelvis, larynx, liver, lung, main
bronchus, melanoma of the skin, brain, thyroid, trachea, and
urinary bladder.

Patients were excluded according to the following criteria:
no information on the reason for the absence of surgery;
diagnosis only at autopsy or death certificate; follow-up time <
1 day; stage 0 or occult cancer; lack of information on the exact
site of cancer; and absence of sociodemographic information on
race, median household income, type of housing region in the
rural-urban continuum.

The rationale for the selection of patients for each analysis
is depicted in Supplementary Figure 1. The syntax used in
the SEERStat software for patient selection is found in the

Supplementary material.

2.2. Classifications

The cancer staging systems used were the sixth and seventh
editions of the AJCC for patients diagnosed between 2004-
2009 and 2010-2015, respectively. The race identification used
was restricted to Black, White and Other (American Indian/AK
Native, Asian/Pacific Islander). The median household income
adjusted for accumulated inflation for the year 2019 was used.

The staging, regardless of the edition of the AJCC system,
has been reclassified as I, II, III, and IV. Unassigned or missing
data regarding stage and histological grade were classified as NA
(Not applied/not assigned); this category was not excluded from
survival analyses or propensity score matching.

For survival, histologies (ICD-O-3) were grouped into an up
to seven-category variable according to their relative frequency,
in a decrease manner, for each site. An eighth variable was
created grouping all remaining histologies. The codes of the first
two categories are described in Supplementary Table 1.

For propensity score matching (PSM), histologies (ICD-
0-3) were grouped into a three-category variable according
to their relative frequency: most common, less common and
rare. The codes of the first two categories are described in
Supplementary Table 2, and the third category is composed of
other histologies not described.

2.3. Statistical analysis

Statistical analyzes of normality (Kolmogorov-Smirnov),
descriptive, crosstab (Pearson’s X2 and Cramer V-test),
multinomial logistic regression, survival and PSM were
performed on IBM SPSS v25.0. Kaplan-Meier plots and
survival tables were performed on JAMOVTI 2.2.5. The graphs
representing the hazard ratios with a confidence interval of 95%
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were built in MS Excel. When appropriate, the significance level
(o) was 0.05.

The Kaplan-Meier (KM) estimator was used to analyze the
proportionality of risks based on curves and the Log-Rank
test, as well as median survival, percentages, and censoring
distributions. Only variables with proportionality of risks were
included in Cox regression analysis. The proportionality of
risks for continuous variables was evaluated by the correlation
between the partial residues generated by the univariable Cox
regression with the observation time of the analyzed outcome;
the time dependence was assumed in the presence of correlation
between these variables, visually analyzed by the scatter plot.
In the case of the year variable, there was a correlation; its
discrete nature impedes covariation by time (time-dependent
Cox regression), and its categorized form was used instead of
the quantitative form. Time dependence was also observed as a
function of age, opting for a multicategorical variable instead of
the continuous one.

Cox regression models were elaborated containing all the
variables obtained (sex, year of diagnosis, age-14 categories -
, race, median household income, rural-urban continuum, the
reason for no cancer-direct surgery, histological grade, staging,
cancer site, histological type-—8-category variable), except for
the subgroup division variable, when applicable. Two-way and
three-way interactions were included in the models, if the
number of instances (number of patients) allowed for the
complexity of the model (number of degrees of freedom).
Two-way interactions between cancer site and histology and
cancer site and age were entered into analyzes of the entire
cohort and by sex, respectively. Three-way interactions between
sex, age, and sites, and between sex, age, and histology were
performed in full-cohort and site-wide analyses, respectively. In
site and cancer analyses, it was possible to include the three-way
interaction just before pairing. In analyses by year of diagnosis,
it was possible to only the two-way interaction between site
and histology; the other interactions were included only in the
analysis of periods (2004-2009 and 2010-2015). In cases where
it was not possible to include the three-way interaction, it was
replaced by a respective two-way interaction that excludes age.

Significance level adjustment by the Bonferroni method
was applied only to the variables of interest after the
independence analysis in order interpret the prognostic value
of these factors. Adjustment was performed by dividing
the significance value by the number of possible pairs
between variables included in each model. Unadjusted p-
values were presented throughout the manuscript, except on
express occasions.

For Cox regression analysis of sites with reduced sample
number, it was used the bootstrapping technique with
Bias Correction accelerated method to corroborate the
findings; 1,000 resamples were performed. The interpretation
of bootstrapping results was based on the analysis of
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confidence intervals, p-value, and bias for robust conclusions.
Bootstrap p-values were reported in these cases only for
multivariable models.

The directionality and location of the associations were
evaluated by the analysis of standardized adjusted residuals.
A Bonferroni correction was applied to adjust the level of
significance to the amount of analysis by the interaction between
rows and columns to obtain the significant associations. The
interpretation of the effect size of the associations was adjusted
by the degrees of freedom.

For logistic regression with the stage as a dependent,
the parallel lines test was initially performed to assess
the assumption of an ordinal regression. Due to the
rejection of the null hypothesis of the parallel lines test
(p < 0.05), a multinomial regression was performed.
The proportionality/linearity with logits was analyzed by
comparing the differences in the coefficients (B8s) of the
categories of the categorical variables and by the Box-Tidwell
transformation for continuous variables. Continuous variables
that break the assumption of significance in the insertion
of the transformed variable [In (variable)*variable] were
categorized. Categories (levels) with overlapping confidence
intervals or that break proportionality were collapsed with
similar ones.

For PSM, the SPSS tool was used. Briefly, a 1:1 pairing
without substitution was performed to match men and women
(indicator group) according to the variables age, year of
diagnosis (as categorical), race, median household income,
rural-urban continuum classification, stage, histological type,
cancer site, reason no cancer-directed surgery, and the AJCC
edition used for staging. Additionally, the age variable of
14 categories and three-level histology variable were added
to improve the matching. A tolerance of 0.000001 was
established for matching based on the score generated by the
matching logistic regression model. For Cox regression analysis
after pairing, two models were developed: one covariate sex
with the other variables, as abovementioned, and the other
covariate sex with the score generated by the logistic regression
of pairing.

3. Results

3.1. Patient characteristics

A total of 1,274,118 patients were selected, with a median
age of 65 years (18-85+) and a median survival of 26 months
(0-191). Of the entire cohort, 831,871 died, with 672,329
(80.8%) deaths attributed to cancer. Patients’ characteristics
are described separately by sexes in Table 1, which shows a
considerable difference in the number of deaths and median

survival between men and women.
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TABLE 1 Socio-demographic and clinicopathological characteristics,
by sex, of included patients diagnosed between 2004 and 2015

(n=1,274,118).

TABLE 1 (Continued)

Variable

>$70 K/year and <$75 K/year

10.3389/fpubh.2022.1076682

Female

50,373 (8.6%)

Male

57,658 (8.4%)

>$75 K/year 172,389 (29.4%) 192,975 (28.0%)
Rural-urban continuum

Metropolitan (1 M+) 339,816 (58.0%) 388,250 (56.4%)
Metropolitan (250 K and 123,489 (21.1%) 143,979 (20.9%)
<1M)

Metropolitan (<250 K) 48,307 (8.2%) 58,764 (8.5%)
Non-metropolitan (adjacent) 42,982 (7.3%) 56,964 (8.3%)
Non-metropolitan 31,043 (5.3%) 40,524 (5.9%)
(non-adjacent)

Site

Anus, anal canal and 7,251 (1.2%) 4,294 (0.6%)
anorectum

Appendix 3,372 (0.6%) 2,794 (0.4%)
Ascending colon 18,993 (3.2%) 15,479 (2.2%)
Brain 17,815 (3.0%) 23,372 (3.4%)
Cecum 23,233 (4.0%) 17,923 (2.6%)
Descending colon 5,105 (0.9%) 5,684 (0.8%)
Esophagus 6,204 (1.1%) 23,500 (3.4%)
Hepatic flexure 4,455 (0.8%) 4,210 (0.6%)

Kidney and renal pelvis 35,822 (6.1%) 57,602 (8.4%)
Larynx 3,739 (0.6%) 15,778 (2.3%)
Liver 13,194 (2.3%) 41,097 (6.0%)
Lung 163,006 (27.8%) 183,894 (26.7%)

Main bronchus

9,030 (1.5%)

10,785 (1.6%)

Melanoma of the skin 53,444 (9.1%) 64,156 (9.3%)
Pancreas 42,851 (7.3%) 43,336 (6.3%)
Rectosigmoid junction 9,462 (1.6%) 11,723 (1.7%)
Rectum 26,076 (4.5%) 35,047 (5.1%)
Sigmoid colon 24,684 (4.2%) 28,243 (4.1%)

Splenic flexure

2,775 (0.5%)

3,095 (0.4%)

Stomach 19,962 (3.4%) 30,478 (4.4%)
Thyroid 72,434 (12.4%) 20,902 (3.0%)
Trachea 109 (0.0%) 163 (0.0%)

Transverse colon

8,233 (1.4%)

7,611 (1.1%)

Urinary bladder

14,388 (2.5%)

37,315 (5.4%)

Grade

Well differentiated (G1)

43,138 (7.4%)

39,644 (5.8%)

Moderately differentiated
(G2)

132,463 (22.6%)

166,331 (24.2%)

‘ Variable Female Male
N 585,637 (46.0%) 688,481 (54.0%)
Time of observation 35 months (range: 21 months (range:
0-191) 0-191)
All-cause death
Alive 233,195 (39.8%) 209,052 (32.6%)
Dead 352,442 (60.2%) 479.429 (69.6%)
Specific death
Alive/censored 300,496 (51.3%) 301,293 (43.8%)
Dead 285,141 (48.7%) 387,188 (56.2%)
Age 65 (range: 65 years (range:
18-85-+) 18-85-+)
Age
<25 years 8,498 (1.5%) 3,979 (0.6%)
26-30 years 10,052 (1.7%) 5,152 (0.7%)
31-35 years 14,263 (2.4%) 8,287 (1.2%)
36-40 years 18,908 (3.2%) 13,744 (2.0%)
41-45 years 26,671 (4.6%) 24,225 (3.5%)
46-50 years 39,331 (6.7%) 44,689 (6.5%)
51-55 years 52,272 (8.9%) 70,081 (10.3%)
56-60 years 59,453 (10.2%) 90,996 (13.2%)
61-65 years 65,269 (11.1%) 99,389 (14.4%)
66-70 years 66,311 (11.3%) 93,769 (13.6%)
71-75 years 65,187 (11.1%) 81,948 (11.9%)
76-80 years 61,999 (10.6%) 68,567 (10.0%)
81-84 years 43,273 (7.4%) 41,741 (6.1%)
>85 years 54,150 (9.2%) 41,164 (6.0%)
Race
White 448,876 (81.9%) 527,796 (82.3%)
Black 54,307 (9.9%) 62,483 (9.7%)
Other 44,960 (8.2%) 51,307 (8.0%)
Household income
<$35K/year 10,168 (1.7%) 13,646 (2.0%)
>$35 K/year and <$40 K/year 16,206 (2.8%) 21,645 (3.1%)
>$40 K/year and <$45 K/year 26,998 (4.6%) 35,554 (5.2%)
>$45 K/year and <$50 K/year 35,878 (6.1%) 45,307 (6.6%)
>$50 K/year and <$55 K/year 50,532 (8.6%) 60,334 (8.8%)
>$55 K/year and <$60 K/year 43,543 (7.4%) 52,728 (7.7%)
>$60 K/year and <$65 K/year 98,052 (16.7%) 114,966 (16.7%)
>$65 K/year and <$70 K/year 81,498 (13.9%) 93,668 (13.6%)

Poorly differentiated (G3)

91,588 (15.6%)

131,112 (19.0%)
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TABLE 1 (Continued)

Variable Female Male
Undifferentiated/anaplastic 26,325 (4.5%) 42,040 (6.1%)
(G4)

NA 292,123 (49.9%) 309,354 (44.9%)
Stage

I 190,561 (32.5%) 185,688 (27.0%)
II 73,684 (12.6%) 91,335 (13.3%)
I 97,713 (16.7%) 123.085 (17.9%)
v 159,558 (27.2%) 212,597 (30.9%)
NA 64,121 (10.9%) 75,776 (11.0%)

Reason no cancer-directed surgery

Performed 339,079 (57.9%) 362,063 (52.6%)

Not recommended 213,598 (36.5%) 283,078 (41.1%)

Not recommended
(contraindicated)

14,072 (2.4%) 19,229 (2.8%)

Recommended (refused) 7,763 (1.3%) 7,352 (1.1%)

Recommended (not 8,139 (1.4%) 12,332 (1.8%)
performed for unknown

reason)

Recommended (unknown if 2,058 (0.4%) 2,980 (0.4%)

performed)

Not performed (died before
recommendation)

928 (0.2%) 1,447 (0.2%)

NA, Not applied/not assigned.

3.2. Unbalanced data: Sex is a factor
impacted by several confounders

Analyzes were performed to observe patterns and trends
that may explain differences in survival between sexes,
before performing survival analysis. Table 1 describes different
frequencies of age groups, cancer sites, staging groups, and
surgery decisions by sex. The significance of the observed
difference was tested by contingency tables (Pearson’s x2 test)
associated with the study of effect size (Cramer’s V-test).

There was a significant association between the sex
and age clusters (Pearson’s x2:23,147.50; Cramer’s V(l):0.135;
p < 0.0005), cancer site (Pearson’s %2:76,809.54; Cramer’s
V(1):0.246; p < 0.0005), and with the recommendation and
performance of surgery according to sex (Pearson’s x 2:4,149.46;
Cramer’s V(1y:0.057; p < 0.0005). There were also significant
associations between sex and histology per site, and a positive
association of both sexes with some histology per cancer site.
Moreover, associations between age clusters and cancer sites
were observed per sex. The Supplementary results describes the
details and association of age cluster and sex by cancer site.

Regarding stage, although the female sex was positively
associated with stage I cancer (std. res.: 68.7) and the male sex
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mainly with stage IV cancer (std. res.: 45.0), this association was
weak (Pearson’s x%:5,128.74, p < 0.0005) with a negligible effect
size (Cramer’s V (1:0.063, p < 0.0005).

However, other associations are not directly perceived
with sex, which could be potential confounding effects.
While no expressive numeric differences were observed
between males (Pearson’s x2:403,888.37; Cramer’s V(4):0.383;
p < 0.0005) and females (Pearson’s x2:385,634.62; Cramer’s
V(4):0.4O6; p < 0.0005), there was a very strong association
between site and stage (Pearson’s X2:788,214.79, p < 0.0005)
with a large effect size (Cramer’s V(4):0.393, p < 0.0005)
(Supplementary Table 3), which prevailed even when excluding
brain cancer in the analysis (Pearson’s X2:439,064.97; Cramer’s
V (3):0.298; p < 0.0005).

3.3. Trends over time according to sex

Despite the differences described above, it is possible to
observe a consistent increase in cancer diagnosis in earlier stages
(Figure 1A). Additionally, an increase in the performance of
surgeries, with a reduction of no recommendations, refusals,
and lack of surgery performance, was observed over time
(Figure 1B). There is also a reduction in the prevalence
of respiratory, brain, thyroid, and stomach cancers, with a
compensatory increase in melanomas of the skin, liver, and
urinary system (Figures 1C, D). There is no apparent difference
in trends by sex.

3.4. Regression models: Sex as an
independent factor of poor prognostic
variables

Multinomial logistic regression models were used to confirm
the impact of sex and year on staging and surgery performance.

Using the “surgery performed” classification as a reference
and adjusting for age, year of diagnosis, race, household
income, rural-urban continuum, site of cancer, stage, and
histological grade, men are more likely to die before surgery
recommendation [OR: 1.342 (1.232-1.462), p < 0.0005], being
contraindicated for surgery [OR: 1.188 (1.159-1.218), p <
0.0005], and being recommended but not performing surgery
[OR: 1.291 (1.252-1.332), p < 0.0005], but are less likely to
refuse surgery [OR: 0.949 (0.917-0.982), p = 0.003], compared
to females.

For analysis of stage predictive classification, only patients
with stage were included (n = 1,134,221). Using the “stage
I” classification as a reference and adjusting for age, year
of diagnosis, race, household income, rural-urban continuum,
cancer site, and histological grade, men are more likely to be
classified as “stage II” [OR: 1.173 (1.158-1.189), p < 0.0005],
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Stage, surgery performance and cancer site prevalence trends over time by sex. Stage at diagnosis (A). Main surgery performances changes (B).
Main cancer site changes in females (C). Main cancer site changes in males (D).
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III [OR: 1.226 (1.211-1.240), p < 0.0005], and IV [OR: 1.283
(1.269-1.298), p < 0.0005], compared to females.

3.5. The effect of sex on survival:
Balancing the factors reduces the gap

The association of cancer site with stage, in addition to the
association of sex with age and cancer site, the excess of stage IV
in men and stages trends over time can generate highly biased
results in survival analyses. For computational limitations, the
PSM was performed separately by tumor sites and then merged
after matching. Due to the small number of patients with
tracheal cancer, there was no matching. Cancer-specific survival
was used instead of overall survival to suppress the longer life
expectancy bias of women compared to men (9).

After matching, there was no further association between
sex and site (Pearson’s X21 0; p = 1.000; Cramer’s Vay:
0.000), but other associations, although negligible, still
exist (Supplementary results). Importantly, the difference in
survival by site of the cancer remained practically the same
after pairing as before pairing (Supplementary Table 4 and
Supplementary Figure 2).

By the and Log-Rank
8,335.54; p < 0.0005) it was possible to observe

Kaplan-Meier comparison

(x%
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the
entire cohort (Figure2A) and in almost all cancer sites

significantly higher survival of female patients in

(Supplementary Table 5). Female patients had a median survival
of 74 months, compared to 30 months (29.67-30.33) of the
male counterpart, which had an excess of 7.5% of deaths
in relation to women (female: 48.7%; male: 56.2%). This
difference remained after adjustment by other variables in
multivariable Cox regression [adjusted HR: 0.876 (0.866-
0.886), p < 0.0005] (Figure 2B). The 1-, 3-, 5-year, and longer
survival tables, with the number at risk, are described in
Supplementary Table 6.

After matching by propensity score (n = 441,916), this
difference in median survival of 44 months was reduced to only
6 months [female: 29 months (28.38-29.62); male: 23 months
(22.60-3.40)], although this difference was still significant (Log-
Rank x2%: 431.13; p < 0.0005) (Figure 2C). The excess death
in men compared to women dropped to 2.3% (female: 56.1%;
male: 58.4%). Again, this difference remained after adjustment
by other variables in multivariable Cox regression [adjusted HR:
0.888 (0.864-0.912), p < 0.0005] (Figure 2C). The 1-, 3-, 5-year
and longer survival tables, with the number at risk, are described
in Supplementary Table 7.

The site was analyzed separately because the association of
sex with survival may vary depending on the type of cancer. The
effect of sex in multivariable analyzes before and after matching
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FIGURE 2

Kaplan-Meier and adjusted plots of cancer specific survival. Before (A, B) and after (C, D) matching.

Survival time (months)

lost its significance in the p-value adjustment for some situations
(Figure 3A; Supplementary Tables 8, 9).

A
was observed over time for both sexes (Figures3B, C;

consistent increase in  cancer-specific  survival
Supplementary Tables 10, 11), with no difference in the trend
by sex. Despite the absence of a difference in the association
between sex and survival in some years, in general, a positive
association between women and survival was observed,
including analyzes by periods (2004-2009 and 2010-2015)
(Figure 3D; Supplementary Tables 12, 13), which could imply
some bias due to the change in the staging system. KM and
adjusted Cox regression curves (Supplementary Figures 3, 4), as
well as 1-, 3-, 5-year and longer survival tables, with number at

risk, are described in Supplementary Tables 14, 15.

4. Discussion

The present study showed the difference in non-
(CSS)  that
between men and women using data made available by

reproductive  cancer-specific  survival exists
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the SEER Program, spanning the recent decade of 2004-2015.
As expected, women have a lower risk of dying than men
(3,6, 10-14).

We confine ourselves to including the most frequent non-
sexual solid cancers by systems, excluding sarcomas, and
excluding some with potential bias, with head and neck cancer
being a particular case. Patients whose etiology resides in HPV
infection have a somewhat better prognosis for some sites
compared to those HPV-negative (15-18), mainly in women
(18), with the prevalence of oral HPV infection being higher
in men than in women (19). Additionally, this factor became
available in SEER only from 2010 (7). Thus, unlike these studies,
we did not include head and neck cancers.

It was observed an increase of early diagnosis (1, 3) and
a decrease in mortality over the years (1, 14). Additionally,
it was possible to observe a reduction in the prevalence of
thyroid and lung cancers (1), along with a higher prevalence of
non-reproductive cancers in men compared to women (4).

This study showed the high heterogeneity between them,
which potentially acts as a confounder and even collider with
the effect of biological sex on the outcome of many solid tumors.
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Adjusted Hazard Ratios (95% Cl) of the effect of sex on cancer specific survival. (A) Female association referenced to male before and after
matching in the entire cohort and per cancer site. (B) Cancer specific survival by year referenced to 2004 in female patients before and after
matching. (C) Cancer specific survival by year referenced to 2004 in male patients before and after matching. (D) Female association referenced
to male before and after matching by year or period. Legend: NS, not statistically significant after Bonferroni adjustment of p-value.
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Although there were not such strong associations between sex
and other variables, indirect associations given the particularity
of the most frequent cancers in each sex, have very different
results. For example, women were positively associated with
thyroid cancer, which is much more common in them and has
a better prognosis (1, 12, 20, 21), while men were positively
associated with cancers of the esophagus, liver, stomach and
urinary bladder, which have a poor prognosis (1, 6, 11-13).
Thus, most of the discrepancy observed in survival by sex is
due to characteristics of incidence and stage at diagnosis, and
men are affected by more aggressive types of cancer and are
diagnosed later.

In this study, it was observed that men and women
differ in age at diagnosis, observing some bimodal associations
depending on the cancer, that is, for the same sex there is
an association with extremes of age (early and later). More
importantly, a positive association was observed between female
sex and earlier age in cancers that are screenable, such as
thyroid and colorectal, as well as others, mainly melanoma of
the skin. In this regard, a potential undesirable effect is the
lead time bias, which occurs primarily in screenable cancers,
resulting in a prolongation of survival due to overdiagnosis of
cancers with a very good prognosis (22, 23). Although there are
sophisticated statistical methods to correct this problem (22, 23),
match resulted in a vast reduction of this disparity, but without
completely eliminating it.

Such data imbalances can impact the analyses, even
when adjusting for other variables. In the presence of excess
confounders, which can also lead to a collider effect, the effect
of the variable of interest is suppressed, which is very common
in large database-based observational studies (24). Additionally,
it is very common to find spurious associations and correlations
in massive database analysis simply because they have a high
number of instances (25). In this sense, this study presents
something new in relation to the others. In addition to focusing
exclusively on non-reproductive cancers and using a clinical
practice staging system, this series of SEER-based analyzes were
performed by adjusting for several confounders after matching
them, which may subvert the association of sex with survival.

Although the average risk (Hazard Ratio - HR) remained
the same after match, the effect of these imbalances was clear
in reducing the median survival, with a wide narrowing in the
difference between men and women after matching (from 74
to 6 months). Additionally, HRs and their confidence intervals
underwent substantial changes, especially in cancer site analyses.
For example, in prematching analyzes, it was possible to observe
a lack of significance with wide confidence intervals in the
association of sex with survival at several tumor sites but turned
significant after adjusting for other factors. In addition, there
was a loss of significance of this association for some sites
after matching.

Due to all the above-mentioned issues, the results after
pairing are more reliable, a fact that is one of the main
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distinguishing features of the other studies, thus demonstrating
a better outcome for women than men, but, in relation to the
sites, there is no difference in colon cancer (except ascending
and sigmoid), esophagus, larynx, stomach, and urinary bladder,
different from that observed by others (3, 11, 12). Additionally,
there was a loss of significance after correction of the p-value,
such as for some colon sites and thyroid, despite not being
a common practice in survival analysis. This could represent
both an advance in cancer management and a correction of
confounders’ and colliders’ effect-laden data.

the the
discrepancy in survival by sex for some sites is notable,

However, disregarding p-value correction,
being very large in cases such as the anus, anal canal and
anorectal, melanoma, and thyroid. Even observing that the male
sex proved to be an independent factor of association with later
stages, not performing surgical intervention or dying before
surgery, which is in line with a riskier lifestyle and a lower
demand for medical care by men (2, 4, 26), it does not seem
plausible to attribute such a discrepancy to these factors alone.

In fact, women perform much better in cancer progression.
Going from the molecular basis, where there are even sexual
genetic patterns for some cancers (27), through biochemical,
hormonal, immunological, anatomical, behavioral, exposition
to risk factors, and even response to therapies, women show
an advantage over men in general (26, 28-32). Particularly
speaking of the higher incidence of esophageal, stomach and
liver cancers in men, although the main causes are current or
greater consumption of alcohol and cigarettes (33-39), as well
as a rate of infection by hepatitis B and C viruses (34, 40), some
important biological factors must be considered. For example,
among current smokers, the risk of developing stomach cancer is
higher in men (33), and men infected with the Hepatitis B virus
are more likely to die from liver cancer than women infected
with the same virus (34).

The question regarding therapy has an important sex-
specific survival effect as the dosage is not usually adjusted
proportionally to the lean mass of the male body (26).
Furthermore, women respond better to lipophilic drugs, while
men respond better to hydrophilic drugs (26). On the other
hand, the development and incorporation of new therapies
into treatment regimens, such as immunotherapies (41-43) and
small molecule drugs (44-46) for melanoma and lung cancer,
has been shown to be a paradigm shift in cancer survival.
However, this is a limitation of studies such as the present one
(3, 11, 12, 14), since there was no access to adherence and the
type of therapy to which patients were submitted.

Added to this limitation, this study has other limitations. For
example, specific survival was used instead of overall survival to
reduce the impact of the difference in life expectancy between
men and women that would reproduce this outcome (9). On
the other hand, specific survival tends to be underestimated in
relation to relative survival (47), but the difficulty in obtaining
relative survivals for certain subgroups (47). In addition, there
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are difficulties in the implementation of statistical methods to
correct such baseline survivals in Cox regression models (48),
make its implementation unfeasible.

Also, due to the complexity of the models, it was not possible
to implement the time-dependent Cox regression in certain
analyses, such as the entire cohorts. Despite this, simpler models
showed similar results for the purpose of the study (not shown).

Furthermore, due to the information available in the SEER
Program, the inclusion of only patients with identification
of urban contingency led to the exclusion of all those
diagnosed in the states of Alaska and Hawaii, leading to an
underrepresentation of certain characteristics of the population.

Similar population studies considering types of systemic
treatments, comorbidities and other risk factors, such as the
amount of alcohol and tobacco used, are needed to analyze
whether the difference in survival between men and women
narrows further or widens.

In summary, although it is not possible to determine the
causes of gender disparities in cancer survival, the findings seek
to encourage further studies that reduce the impact of the male
on cancer prognosis.

5. Conclusions

Men have a higher prevalence of more aggressive non-
reproductive cancers and more advanced stages, negatively
impacting survival. However, in general, women with the same
characteristics have longer survival.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the
study on human participants in accordance with the
local legislation and institutional requirements. Written

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-
49. doi: 10.3322/caac.21660

2.ZhuY, Shao X, Wang X, Liu L, Liang H. Sex disparities in cancer. Cancer Lett.
(2019) 466:35-8. doi: 10.1016/j.canlet.2019.08.017

Frontiersin Public Health

10

10.3389/fpubh.2022.1076682

informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

FL contributed to the conception and design of the study.
FL, RAA, and MS contributed to data collection and quality
control. All authors drafted the paper and interpreted the results.
All authors contributed to data interpretation and rewriting the
paper, reviewed and approved the final version, and had full
access to all the data and were responsible for the decision to
submit the manuscript.

Funding

We thank the Coordenagio de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) for funding this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.1076682/full#supplementary-material

3. Najari BB, Rink M, Li PS, Karakiewicz PI, Scherr DS, Shabsigh R, et al. Sex
disparities in cancer mortality: the risks of being a man in the United States. ] Urol.
(2013) 189:1470-4. doi: 10.1016/j.juro.2012.11.153

4. Haupt S, Caramia F Klein SL, Rubin JB, Haupt Y. Sex disparities
matter in cancer development and therapy. Nat Rev Cancer. (2021) 21:393-
407. doi: 10.1038/s41568-021-00348-y

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1076682
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1076682/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.canlet.2019.08.017
https://doi.org/10.1016/j.juro.2012.11.153
https://doi.org/10.1038/s41568-021-00348-y
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Luz et al.

5. Clayton JA, Collins FS. Policy: NIH to balance sex in cell and animal studies.
Nature 509(7500). (2014) 282-3. doi: 10.1038/509282a

6. Radkiewicz C, Johansson ALV, Dickman PW, Lambe M, Edgren G. Sex
differences in cancer risk and survival: a Swedish cohort study. Eur J Cancer. (2017)
84:130-40. doi: 10.1016/j.ejca.2017.07.013

7. NIH (2022). Surveillance, Epidemiology, and End Results Program. Available
online at: https://seer.cancer.gov (accessed June 14, 2022).

8. Jones EA, Shuman AG, Egleston BL, Liu JC. Common pitfalls of head
and neck research using cancer registries. Otolaryngol Head Neck Surg. (2019)
161:245-50. doi: 10.1177/0194599819838823

9. CDC. U.S. Life Expectancy by State and Sex for 2019. (2022). Available online
at: https://www.cdc.gov/nchs/data- visualization/state- life- expectancy/index_
2019.htm (accessed September 27, 2022).

10. Afshar N, English DR, Thursfield V, Mitchell PL, Te Marvelde L,
Farrugia H, et al. Differences in cancer survival by sex: a population-based
study using cancer registry data. Cancer Causes Control. (2018) 29:1059-
69. doi: 10.1007/s10552-018-1079-z

11. Cook MB, McGlynn KA, Devesa SS, Freedman ND, Anderson WEF. Sex
disparities in cancer mortality and survival. Cancer Epidemiol Biomarkers Prev.
(2011) 20:1629-37. doi: 10.1158/1055-9965.EPI-11-0246

12. Dong M, Cioffi G, Wang J, Waite KA, Ostrom QT, Kruchko
C, et al. Sex differences in cancer incidence and survival: a pan-
cancer analysis. Cancer Epidemiol Biomarkers Prev. (2020) 29:1389-
97. doi: 10.1158/1055-9965.EPI-20-0036

13. Innos K, Padrik P, Valvere V, Aareleid T. Sex differences in cancer
survival in Estonia: a population-based study. BMC Cancer. (2015)
15:72. doi: 10.1186/s12885-015-1080-9

14. Zeng C, Wen W, Morgans AK, Pao W, Shu XO, Zheng W. Disparities
by race, age, and sex in the improvement of survival for major cancers: results
from the national cancer institute surveillance, epidemiology, and end results
(SEER) program in the United States, 1990 to 2010. JAMA Oncol. (2015) 1:88-
96. doi: 10.1001/jamaoncol.2014.161

15. Ang KK, Harris ], Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF, et al.
Human papillomavirus and survival of patients with oropharyngeal cancer. N Engl
] Med. (2010) 363:24-35. doi: 10.1056/NEJM0a0912217

16. Kedzierawski P, Huruk-Kuchinka A, Radowicz-Chil A, Mezyk R, Rugala
7, Sadowski J. Human papillomavirus infection predicts a better survival
rate in patients with oropharyngeal cancer. Arch Med Sci. (2021) 17:1308-
16. doi: 10.5114/a0ms.2019.83658

17. Whitmarsh A, Pring M, Thomas S], Waylen A, Ness AR, Dudding
T, et al. Survival advantage in patients with human papillomavirus-driven
oropharyngeal cancer and variation by demographic characteristics and serologic
response: findings from head and neck 5000. Cancer. (2021) 127:2442-
52. doi: 10.1002/cncr.33505

18. Preissner SH, Nahles S, Preissner S, Heiland M, Koerdt S. Influence of sex
on survival rates of HPV-positive oropharyngeal cancers. Front Oncol. (2022)
12:917890. doi: 10.3389/fonc.2022.917890

19. D'Souza G, Cullen K, Bowie ], Thorpe R, Fakhry C. Differences in
oral sexual behaviors by gender, age, and race explain observed differences
in prevalence of oral human papillomavirus infection. PLoS ONE. (2014)
9:¢86023. doi: 10.1371/journal.pone.0086023

20. Siraj AK, Parvathareddy SK, Annaiyappanaidu P, Siraj N, Al-Sobhi SS,
Al-Dayel F et al. Male sex is an independent predictor of recurrence-free
survival in middle eastern papillary thyroid carcinoma. Front Endocrinol. (2022)
13:777345. doi: 10.3389/fendo.2022.777345

21. Li P, Ding Y, Liu M, Wang W, Li X. Sex disparities in thyroid cancer: a SEER
population study. Gland Surg. (2021) 10:3200-10. doi: 10.21037/gs-21-545

22. Andersson TM, Rutherford MJ, Humphreys K. Assessment of lead-time
bias in estimates of relative survival for breast cancer. Cancer Epidemiol. (2017)
46:50-6. doi: 10.1016/j.canep.2016.12.004

23. Duffy SW, Nagtegaal ID, Wallis M, Cafferty FH, Houssami N, Warwick ], et al.
Correcting for lead time and length bias in estimating the effect of screen detection
on cancer survival. Am J Epidemiol. (2008) 168:98-104. doi: 10.1093/aje/kwn120

24. Zhang L, Wang Y, Schuemie MJ, Blei DM, Hripcsak G. Adjusting for
indirectly measured confounding using large-scale propensity score. J Biomed
Inform. (2022) 134:104204. doi: 10.1016/j.jbi.2022.104204

25. Calude CS, Longo G. The deluge of spurious correlations in big data. Found
Sci. (2017) 22:595-612. doi: 10.1007/510699-016-9489-4

26. Wagner AD, Oertelt-Prigione S, Adjei A, Buclin T, Cristina V, Csajka
C, et al. Gender medicine and oncology: report and consensus of an

Frontiersin Public Health

11

10.3389/fpubh.2022.1076682

ESMO workshop. Ann  Oncol. 10.1093/annonc/

mdz414

27. Yuan Y, Liu L, Chen H, Wang Y, Xu Y, Mao H, et al. Comprehensive
characterization of molecular differences in cancer between male and female
patients. Cancer Cell. (2016) 29:711-22. doi: 10.1016/j.ccell.2016.04.001

28. de Martel C, Georges D, Bray F, Ferlay ], Clifford GM. Global burden of
cancer attributable to infections in 2018: a worldwide incidence analysis. Lancet
Glob Health. (2020) 8:e180-90. doi: 10.1016/52214-109X(19)30488-7

29. Gubbels Bupp MR, Potluri T, Fink AL, Klein SL. The confluence
of sex hormones and aging on immunity. Front Immunol. (2018)
9:1269. doi: 10.3389/fimmu.2018.01269

(2019) 30:1914-24. doi:

30. Keramida G, Peters AM. Fasting hepatic glucose uptake is higher in men than
women. Physiol Rep. (2017) 5. doi: 10.14814/phy2.13174

31. Kim HI, Lim H, Moon A. Sex differences in cancer: epidemiology, genetics
and therapy. Biomol Ther. (2018) 26:335-42. doi: 10.4062/biomolther.2018.103

32. Petrick JL, Falk RT, Hyland PL, Caron P, Pfeiffer RM, Wood SN,
et al. Association between circulating levels of sex steroid hormones and
esophageal adenocarcinoma in the FINBAR Study. PLoS ONE. (2018)
13:0190325. doi: 10.1371/journal.pone.0190325

33. Li WY, Han Y, Xu HM, Wang ZN, Xu YY, Song YX, et al. Smoking
status and subsequent gastric cancer risk in men compared with women:
a meta-analysis of prospective observational studies. BMC Cancer. (2019)
19:377. doi: 10.1186/s12885-019-5601-9

34. Wang N, Zheng Y, Yu X, Lin W, Chen Y, Jiang Q. Sex-modified effect of
hepatitis B virus infection on mortality from primary liver cancer. Am ] Epidemiol.
(2009) 169:990-5. doi: 10.1093/aje/kwn418

35. Petrick JL, Campbell PT, Koshiol J, Thistle JE, Andreotti G, Beane-
Freeman LE, et al. Tobacco, alcohol use and risk of hepatocellular carcinoma and
intrahepatic cholangiocarcinoma: the liver cancer pooling project. Br ] Cancer.
(2018) 118:1005-12. doi: 10.1038/s41416-018-0007-z

36. Nomura AM, Wilkens LR, Henderson BE, Epplein M, Kolonel LN. The
association of cigarette smoking with gastric cancer: the multiethnic cohort study.
Cancer Causes Control. (2012) 23:51-8. doi: 10.1007/s10552-011-9854-0

37. Rumgay H, Shield K, Charvat H, Ferrari P, Sornpaisarn B, Obot I, et al. Global
burden of cancer in 2020 attributable to alcohol consumption: a population-based
study. Lancet Oncol. (2021) 22:1071-80. doi: 10.1016/51470-2045(21)00279-5

38. Dong J, Thrift AP. Alcohol, smoking and risk of oesophago-gastric cancer.
Best Pract Res Clin Gastroenterol. (2017) 31:509-17. doi: 10.1016/j.bpg.2017.09.002

39. Stabellini N, Chandar AK, Chak A, Barda AJ, Dmukauskas M, Waite K, et al.
Sex differences in esophageal cancer overall and by histological subtype. Sci Rep.
(2022) 12:5248. doi: 10.1038/541598-022-09193-x

40. Salvatore M, Jeon ], Meza R. Changing trends in liver cancer incidence
by race/ethnicity and sex in the US: 1992-2016. Cancer Causes Control. (2019)
30:1377-88. doi: 10.1007/s10552-019-01237-4

41. Carlino MS, Larkin J, Long GV. Immune checkpoint inhibitors in melanoma.
Lancet. (2021) 398:1002-14. doi: 10.1016/S0140-6736(21)01206-X

42. Madden K, Kasler MK. Immune checkpoint inhibitors in lung cancer and
melanoma. Semin Oncol Nurs. (2019) 35:150932. doi: 10.1016/j.soncn.2019.08.011

43. Lin EP, Hsu CY, Berry L, Bunn P, Shyr Y. Analysis of cancer
survival associated with immune checkpoint inhibitors after statistical
adjustment: a systematic review and meta-analyses. JAMA Netw Open. (2022)
5:¢2227211. doi: 10.1001/jamanetworkopen.2022.27211

44. Jiang J, Zhao C, Zhang E Liu Z, Zhou K, Ren X, et al. ALK
inhibitors in ALK-rearranged non-small cell lung cancer with and without brain
metastases: systematic review and network meta-analysis. BMJ Open. (2022)
12:e060782. doi: 10.1136/bmjopen-2022-060782

45. Kim S, Kim HT, Suh HS. Combination therapy of BRAF
inhibitors for advanced melanoma with BRAF V600 mutation: a
systematic review and meta-analysis. ] Dermatolog Treat. (2018)

29:314-21. doi: 10.1080/09546634.2017.1330530

46. Yu Q, Xie J, Li J, Lu Y, Liao L. Clinical outcomes of BRAF plus MEK
inhibition in melanoma: a meta-analysis and systematic review. Cancer Med.
(2019) 8:5414-24. doi: 10.1002/cam4.2248

47. Howlader N, Ries LA, Mariotto AB, Reichman ME, Ruhl ], Cronin KA.
Improved estimates of cancer-specific survival rates from population-based data.
J Natl Cancer Inst. (2010) 102:1584-98. doi: 10.1093/jnci/djq366

48. Kulinskaya E, Gitsels LA, Bakbergenuly I, Wright NR. Calculation of changes
in life expectancy based on proportional hazards model of an intervention.
Insurance Math Econ. (2020) 93:27-35. doi: 10.1016/j.insmatheco.2020.04.006

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1076682
https://doi.org/10.1038/509282a
https://doi.org/10.1016/j.ejca.2017.07.013
https://seer.cancer.gov
https://doi.org/10.1177/0194599819838823
https://www.cdc.gov/nchs/data-visualization/state-life-expectancy/index_2019.htm
https://www.cdc.gov/nchs/data-visualization/state-life-expectancy/index_2019.htm
https://doi.org/10.1007/s10552-018-1079-z
https://doi.org/10.1158/1055-9965.EPI-11-0246
https://doi.org/10.1158/1055-9965.EPI-20-0036
https://doi.org/10.1186/s12885-015-1080-9
https://doi.org/10.1001/jamaoncol.2014.161
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.5114/aoms.2019.83658
https://doi.org/10.1002/cncr.33505
https://doi.org/10.3389/fonc.2022.917890
https://doi.org/10.1371/journal.pone.0086023
https://doi.org/10.3389/fendo.2022.777345
https://doi.org/10.21037/gs-21-545
https://doi.org/10.1016/j.canep.2016.12.004
https://doi.org/10.1093/aje/kwn120
https://doi.org/10.1016/j.jbi.2022.104204
https://doi.org/10.1007/s10699-016-9489-4
https://doi.org/10.1093/annonc/mdz414
https://doi.org/10.1016/j.ccell.2016.04.001
https://doi.org/10.1016/S2214-109X(19)30488-7
https://doi.org/10.3389/fimmu.2018.01269
https://doi.org/10.14814/phy2.13174
https://doi.org/10.4062/biomolther.2018.103
https://doi.org/10.1371/journal.pone.0190325
https://doi.org/10.1186/s12885-019-5601-9
https://doi.org/10.1093/aje/kwn418
https://doi.org/10.1038/s41416-018-0007-z
https://doi.org/10.1007/s10552-011-9854-0
https://doi.org/10.1016/S1470-2045(21)00279-5
https://doi.org/10.1016/j.bpg.2017.09.002
https://doi.org/10.1038/s41598-022-09193-x
https://doi.org/10.1007/s10552-019-01237-4
https://doi.org/10.1016/S0140-6736(21)01206-X
https://doi.org/10.1016/j.soncn.2019.08.011
https://doi.org/10.1001/jamanetworkopen.2022.27211
https://doi.org/10.1136/bmjopen-2022-060782
https://doi.org/10.1080/09546634.2017.1330530
https://doi.org/10.1002/cam4.2248
https://doi.org/10.1093/jnci/djq366
https://doi.org/10.1016/j.insmatheco.2020.04.006~
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Survival differences between women and men in the non-reproductive cancers: Results from a matched analysis of the surveillance, epidemiology, and end-results program
	1. Introduction
	2. Material and methods
	2.1. Selection criteria
	2.2. Classifications
	2.3. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. Unbalanced data: Sex is a factor impacted by several confounders
	3.3. Trends over time according to sex
	3.4. Regression models: Sex as an independent factor of poor prognostic variables
	3.5. The effect of sex on survival: Balancing the factors reduces the gap

	4. Discussion
	5. Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


