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Abstract

Males have a higher incidence and mortality rate from colorectal cancer (CRC) compared with females. This review examines
the reasons for these differences, including risk factors, screening participation, interpretation of screening tests, presentation
and tumour types, pathophysiology (particularly the impact of sex hormones on tumour-related gene expression, microsatel-
lite instability, micro-RNA expression, and the tumour microenvironment), and the efficacy and toxicity of treatment. Sex
differences in hormones and body composition are responsible for some of the sexual dimorphism in CRC incidence and
outcomes, particularly the pathophysiology, CRC presentation, the pharmacokinetics of cytotoxic therapies, and the impact
of treatment on outcomes. However, gender differences also play a role, affecting risk factors, access to or participation in
screening and treatment, and patients’ experience of treatment (e.g. adverse events and sequelae). Sex and gender issues
warrant further investigation in CRC to optimise treatment outcomes for patients.
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Introduction

Colorectal cancer (CRC) is one of the most common forms
of cancer in the world—the second most prevalent in women
(after breast cancer) and the third most prevalent in men
(after prostate and lung cancer) [1]. However, the age-
standardised incidence and mortality rates differ between
the sexes, with men having a higher rate of diagnosis (23.4
vs 16.2 per 100,000) and death (11 vs 7.2 per 100,000) com-
pared with women [1]. Many factors contribute to these dif-
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ferences in epidemiology and outcomes between men and
women, including factors related to sex and gender [2].

‘Sex’ and ‘gender’ are not interchangeable terms. Sex
refers to the genetically determined biological difference
based on chromosomes, reproductive organs, hormones
and body composition [3]. Gender refers to the social con-
struct that defines the societal norms, roles and behaviours
expected of the different sexes [4]. Both sex and gender
affect outcomes for patients with CRC via biological mech-
anisms and differences in lifestyle, health behaviours and
access to medical care [2].

The Sociedad Espaiiola de Oncologia Médica (SEOM)
has developed a Task Force to raise awareness about sex
and gender issues in cancer care in Spain [5]. The aim of the
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current narrative review is to examine the impact of sex and
gender on outcomes in patients with CRC.

Materials and methods

A search of PubMed was conducted in January 2024, first
using terms for (“sex” OR “gender””) AND (‘“colon cancer”
OR “colorectal cancer”), and then combining the results
of this search with specific terms relating to epidemiology
(including frequency, incidence and prevalence), pathogen-
esis and treatment. The articles identified were evaluated
for relevance and were supplemented by additional articles
identified from the bibliographies of identified articles or ad
hoc searches in relation to specific topics.
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Across most age groups, the incidence of CRC is higher
in men than women, but the difference is most marked
between the ages of 55 and 84 years (Fig. 1); in people
aged <54 years and > 85 years, the number of incident cases
is generally similar in the two sexes or slightly higher in
females [6]. Similar to global statistics, the age-standardised
incidence of CRC in Spain in 2020 was higher in males than
females (25.6 vs 17.5 per 100,000) [1]. Potential reasons for
these differences may be related to risk factors specific to
sex or gender.

Sex
One potential reason for the sex differences in CRC inci-

dence is the body composition of males versus females.
Obesity is a known risk factor for CRC in both sexes, and
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Fig. 1 The global incidence of colorectal cancer in 2019, stratified by age at diagnosis, and shown as a number of incident cases, and b age-
specific incidence [6]. Reproduced from Fig. 5 in [6], under a CC BY 4.0 DEED license (https://creativecommons.org/licenses/by/4.0/)
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body mass index (BMI) is a risk factor for CRC in men at
any age [7]. However, in early life (up age 21 years), BMI is
a stronger risk factor for CRC in women than in men [7]. The
Nurses’ Health Study II showed that BMI at age 18 years
and weight gain after age 18 years were both risk factors
for early-onset CRC (before age 50 years) in women; each
S5-unit increase in BMI was associated with a 20% increase
in the risk of developing CRC (hazard ratio [HR] 1.20;
95% confidence interval [CI] 1.05-1.38; p=0.01), and
each 5 kg of weight gain after age 18 years was associated
with a 9% increase (HR 1.09; 95% CI 1.02-1.16; p=0.007)
[8]. Abdominal adiposity may be key in mediating the risk
of CRC, because, in adult women, waist-to-hip ratio is a
stronger predictor of CRC risk than is BMI [9].

The sex differences in CRC incidence may also be hor-
mone related, but research on the relationship between circu-
lating levels of endogenous sex hormone and CRC risk have
produced mixed results. Endogenous levels of testosterone
and sex hormone-binding globulin (SHBG) were inversely
associated with the risk of developing CRC in men [10];
similarly there seems to be an inverse relationship between
endogenous oestradiol or SHBG levels and CRC risk in post-
menopausal women [11]. However, a meta-analysis of avail-
able data did not find any relationship between endogenous
sex hormone levels and CRC risk in men or postmenopausal
women [12].

Endogenous oestrogen protects against microsatellite
instability (MSI) in younger women, but women develop
MSI+ tumours at a high rate after menopause, and hormone
replacement therapy (HRT) is protective against this [13].
Sex hormones are likely to mediate the effect of adiposity
on cancer risk [7, 14], since adipose tissue is a key source
of oestrogen production in men and postmenopausal women
and leads to an increase in the oestrogen/testosterone (E/T)
ratio [7]. After adjustment for BMI, a high E/T ratio was
associated with a significantly increased risk of CRC in men,
but a significantly reduced risk in women [10]. This suggests
that the CRC risk increases in men when there is a loss of
testosterone and increase in oestrogen (which will increase
the E/T ratio) and in women when there is an increase in
testosterone and reduction in oestrogen (which will reduce
the E/T).

Supporting a potentially protective effect of oestrogen are
data showing that exogenous oestrogen appears to protect
against CRC development, such that women who have used
hormonal contraceptives in their lifetime or HRT after men-
opause are at a reduced risk of CRC development [15, 16].

Gender
The difference in CRC incidence may be at least partially

explained by differences in lifestyle and health behaviours
between men and women. Men tend to eat more meat and

drink more alcohol than do women, and are more likely to be
heavy smokers and to have a sedentary lifestyle [17]. Moreo-
ver, the effect of a pro-inflammatory lifestyle (i.e. a diet with
a low Inflammatory Score of the Diet [ISD], the presence
of abdominal obesity and low levels of physical activity) on
colon cancer risk is greater in men than in women [18]. Data
suggest that 22% of the CRC risk in European males and
11% in European females can be attributed to not adhering
to healthy lifestyle factors or behaviours (based on body-
weight, physical activity, alcohol consumption, smoking
and a healthy diet) [19]. Data from Spain show that eating
a mostly Western diet (rich in high-fat dairy products, pro-
cessed meat, refined grains, etc. and poor in low-fat dairy
products, fruits and vegetables) significantly increases the
risk of CRC in Spanish women, but not in men, whereas
adherence to a Mediterranean diet (high intake of fish, veg-
etables, fruit and legumes) is protective against CRC devel-
opment in men but not in women [20].

Survival

Mortality rates from CRC are generally lower in females
than males [21]. In Spain, lower age-adjusted rates of
CRC mortality are seen in women compared with men
[22, 23], but the data are more nuanced than simple sexual
dimorphism.

Data from two Spanish cancer registries found no differ-
ences in early (6- or 12-month) survival between male and
female patients with CRC; the presence of multimorbidity
was a more important prognostic factor than sex was in this
analysis [24]. Socioeconomic status has been found to be an
important determinant of survival in CRC patients, including
in Spain [23]. Consistent with this finding, researchers in the
United States (US) identified geographical ‘hot spots’ with
high mortality from early-onset CRC amongst women, and
found these areas had high numbers of Black residents, a
higher incidence of obesity and unemployment, low levels
of physical activity and educational attainment, and a high
number of children [25]. Gender is an important determi-
nant of socioeconomic position [26]. Gender inequality is
not as marked in Spain as it is in some countries, but Span-
ish women are still disadvantaged in work opportunities/
pay and educational outcomes relative to men, and under-
take a disproportionate share of domestic, child-rearing and
caregiving activities [27], all of which negatively affect the
socioeconomic status and lifestyle options of women.

Stage at diagnosis is an important determinant of mortal-
ity in CRC [28]. Data from Canada indicate that psychoso-
cial factors (such as having a life partner) and diet-related
factors predicted early-stage CRC diagnosis in men, whereas
health behaviours (such as obtaining regular Pap smears)
predicted early CRC diagnosis in women [29], all of which
are gender- rather than sex-related risk factors.
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Diagnosis

Outcomes in CRC are dependent on tumour stage at diag-
nosis; the 5-year survival rate when CRC is identified at a
localised stage is around 90% [30]. Therefore, early diag-
nosis is important.

Most developed countries, including Spain, offer pop-
ulation-based screening for CRC to identify tumours at an
early stage and therefore optimise outcomes [31]. Screen-
ing increases the likelihood of identifying CRC at stage I
or II relative to diagnosis based on symptoms [32].

Screening programmes generally use faecal occult
blood tests (FOBT) or the more sensitive and specific fae-
cal immunochemical tests (FIT), although countries differ
in the choice of test, the eligible age group and frequency
of such tests [31]. In Spain, adults aged 50-69 years are
offered FIT screening every two years [33]. Individuals
with a positive test are referred for colonoscopy.

There is clear evidence for sex/gender differences in
screening participation internationally [34-36]. Women
tend to participate in CRC screening programmes at
a higher rate than do men, including in Spain [34-37],
although this is not a universal finding around the world
[38]. Screening participation is also affected by sociode-
mographic and contextual factors that may be influenced
by gender, such as income (lower participation amongst
those of lower socioeconomic status), health behaviours,
comorbidities, place of residence (lower participation
amongst urban vs rural populations), and family support
(higher participation with more family support) [34-36,
38, 39]. Qualitative research indicates that men are more
likely than women to have ‘avoidant procrastination with
underlying fatalism’ in relation to CRC screening (i.e. an

Fig. 2 Potential reasons for the
difference in CRC screening
effectiveness between males and
females [34]. CRC colorectal
cancer, FIT faecal immuno-
chemical test (for haemoglobin)
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FIT positivity
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Screening FIT level among
individuals with CRC diagnosis

Incomplete endoscopy rate
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attitude of “what you don’t know can’t hurt you”) or to
consider that there is no need to engage in health interven-
tions if no symptoms are present [39].

Data from the US suggest that removal of financial bar-
riers increases the participation of women, but not men, in
endoscopic screening programmes [40]. Participation in
endoscopic screening may also be influenced by age- and
gender-related preferences about the sex of the endos-
copy team, especially amongst women and people aged
50-60 years [41].

There are also differences between men and women in
the effectiveness of screening to detect CRC (Fig. 2) [34].
CRC screening tends to have lower sensitivity in women
compared with men (i.e. higher rate of false negatives), but
better specificity in women than men (i.e. lower rate of false
positives). Because women are less likely than men to return
a positive result, they are also less likely to undergo further
investigation. For example, a study in Spain reported that
the population of patients referred for colonoscopy after a
positive screening test comprised 61.2% males and 38.8%
females [42]. However, such sex-related differences have not
been consistently reported in the literature [43, 44].

One reason for the higher false-negative rate in women
is that women with CRC have lower levels of haemoglo-
bin in stool. Indeed, there is evidence to suggest that sex-
specific thresholds should be applied when interpreting
FIT results [45]. When the same haemoglobin threshold
is applied to FIT interpretation in both sexes, women are
more likely than men to have interval cancers (i.e. CRC
tumours detected between screening tests) [46]; however,
when a lower haemoglobin threshold is applied to inter-
preting FIT samples from female patients, the interval
cancer detection rate is higher in men, consistent with the
higher CRC incidence rate [37]. According to an analysis
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from the Basque region in Spain, where the threshold
haemoglobin level was 20 pg/g in both sexes, the posi-
tive predictive value, positivity rate, CRC-detection rate
and advanced CRC-detection rate from screening were all
significantly higher in men than women [47]. The number
needed to screen to detect one case of CRC was 59 in men
and 92 in women at this FIT threshold [47].

Another reason for the high false-negative rate amongst
women is that females are more likely than males to
develop right-sided CRC [48], and right-sided disease is
associated with a significantly higher rate of false-negative
FIT results [49]. In addition, women are less likely than
men to have adenoma detected during colonoscopy [37,
42, 50], and adenoma detection is significantly associ-
ated with a positive FIT result [50, 51]. A Finnish study
reported that, in individuals who underwent colonoscopy
as a result of a positive screening test, the rate of detec-
tion of adenoma was significantly lower (risk ratio [RR]
0.94; 95% CI 0.89-0.99; p=0.004) and rate of mucinous
adenoma detection significantly higher (RR 1.98; 95% CI
1.22-3.25; p=0.004) in female than male patients [37].

On the other hand, women are more likely than men
to have sessile serrated lesions detected on colonoscopy,
and these lesions may not be detected by FIT because
they rarely bleed [51]. Interestingly, in the Finnish study
described above, women who underwent screening were
significantly less likely than men to be asymptomatic (RR
0.75; 95% CI 0.60-0.93; p=0.011), with women show-
ing a significantly increased rate of abdominal pain (RR
1.65; 95% CI 1.20-2.26; p =0.002) [37]. This suggests
that asymptomatic men may derive the greatest benefit
from screening, consistent with the Spanish data showing

Common in women

Microsatellite instability

Derived from midgut

CIMP*, BRAF mutation

MAPK signaling, serrated pathway
Mutagenic CYP450 metabolites
HNPCC
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Fig.3 Clinical and molecular characteristics of left- and right-sided
tumours of the colon [48] APC adenomatous polyposis coli, BRAF
v-raf murine sarcoma viral oncogene homolog B1, CIMP CpG island
methylator phenotype, CYP450 cytochrome P450, DCC deleted in
colorectal cancer, EGFR endothelial growth factor receptor, FAP

a lower number needed to screen in men than in women
[47].

Anatomical and molecular differences

As described above, females are more likely to develop
proximal (right-sided) CRC whereas males are more likely
to develop distal (left-sided) CRC and adenomas [48, 50],
and the clinical and molecular characteristics differ between
these sites (Fig. 3). Differences in the cellular and molecular
characteristics can lead to differences in tumour behaviour
and prognosis, with right-sided tumours showing a more
aggressive phenotype that is less responsive to chemother-
apy [52].

Hormones are thought to play a key role in the sexual
dimorphism of CRC development, with oestrogen and the
membrane-bound G protein-coupled oestrogen receptor
(GPER) regulating key physiological functions in the intes-
tine, including oestrogen receptor (ER) f expression and the
actions of specific potassium channels (KCNQ1:KCNE3),
which control transepithelial electrolyte transport in the
colon and act as tumour suppressors [53]. Differential
expression of ERf between males and females may explain
some of the epidemiological differences in CRC rates, par-
ticularly the protective effect of oestrogen [52].

Data indicate that the tumour microenvironment (TME)
also differs between men and women, with women showing
higher levels of CD4+ lymphocytes in tumour tissue, lymph
nodes and uninvolved colon tissue compared with men;
CD8+ levels in tumour and lymph nodes were similar in
the two sexes, but women showed greater CD8+ infiltration

colon cancer

Left-sided (distal) J

Common in men

Chromosomal instability
Derived from hindgut

APC, K-ras, DCC, p53 mutations
EGFR signaling, Wnt signaling
HER1, HER2 amplification

FAP

familial adenomatous polyposis, HER human epidermal growth factor
receptor, HNPCC hereditary non-polyposis colorectal cancer, K-ras
Kirsten ras, MAPK mitogen-activated protein kinase. Reproduced
from Fig. 1 in 48, under a CC BY 4.0 DEED license (https://creat
ivecommons.org/licenses/by/4.0/)

@ Springer


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

2830

Clinical and Translational Oncology (2025) 27:2825-2837

in uninvolved peri-tumoural tissue [54]. Tumours from
females with CRC also show different expression of genes
involved in regulatory T-cell (Treg) function (higher GOTI
and GHR expression, lower DAB2, TNFRSF25 and LRRC32
expression), T helper 1 (Th1) response (higher expression of
ILI8RI1, GBPI and STAT4), co-stimulatory T-cell markers
(higher expression of CD96, DPP4, GZMK and CCL14),
and CD8+ cell exhaustion (higher expression of PD-LI
and TIGIT) compared with male tumours [54]. According
to data from The Cancer Genome Atlas Program (TCGA),
57 of the 65 genes (87.7%) that are differentially expressed
between males and females with CRC are located on the X
or Y chromosomes [54].

Another factor that may account for the clinical and
molecular differences between CRC in males and females
is micro-RNA expression, with tumours from men showing
significantly higher expression of miR-21-5p, miR-21-3-p
and miR-16-3p compared with female tumours [55].

Whilst most of these differences are clearly sex-related,
there may also be gender-related differences induced by epi-
genetic changes in response to environmental or behavioural
factors. For example, detectable levels of p16INKa methyla-
tion, an epigenetic marker of aberrant DNA silencing, in
CRC are significantly more likely to be found in women than
men, in patients with proximal rather than distal tumours,
and in those with poorly versus well differentiated tumours
[56]. Sex differences have also been noted in how the gut
microbiome responds after CRC development, with men
showing a more stable microbiome and women showing a
reduction in the diversity of species present [57]; the extent
to which these changes are determined by sex, gender or
both is not clear.

Influence of sex and gender on the use
and efficacy of treatments for CRC

Treatment decisions in CRC are highly influenced by
the stage and site of the tumour, and the physical condi-
tion of the patient; therefore, treatment patterns differ by
sex because women are more likely to present with right-
sided disease, a more advanced stage of cancer, lymph node
metastasis, and older age [58-61].

European Society for Medical Oncology (ESMO) guide-
lines recommend surgery for localised CRC, followed by
adjuvant chemotherapy with fluoropyrimidine/oxaliplatin
regimens (leucovorin + 5-fluorouracil 4 oxaliplatin [FOL-
FOX] or capecitabine + oxaliplatin [CAPOX]) for stage III
or high-risk stage II tumours [62]. For most patients with
unresectable stage IV CRC, chemotherapy is recommended,
with the choice of treatment guided by patient status and the
molecular characteristics of the tumour [63].

@ Springer

Amongst patients with rectal cancer, differences in pel-
vic anatomy between men and women can affect surgical
parameters, with sex and pubic diameter being significant
predictors of operative time in one Spanish analysis [64]. In
the same study, previous surgery was a significant predictor
of operative difficulty and the need to convert from lapa-
roscopic to open technique in women but not in men [64].

A study from Spain in 2005 showed that men with CRC
were significantly more likely to be hospitalised than women
after surgery for colorectal cancer, even after controlling
for age and comorbidity [65]. Similarly, data from Ger-
many showed that men incur higher treatment costs than
do women, during the early and late phases of CRC treat-
ment, mainly driven by greater hospitalisation costs in early
CRC and greater use of targeted therapies in late disease
[58]. These differences may reflect some gender bias in the
selection of patients for hospital admission/discharge or
treatment, or they may reflect inequity in access to costly
therapies.

Other studies also show that, in the older age groups,
women with advanced CRC are less likely than men to
receive systemic treatments (including adjuvant or neoad-
juvant therapy) and more likely to receive best supportive
care or to die without receiving treatment [61, 66, 67]. It
appears that women are also less likely than men to receive
any radiotherapy even when it is indicated, or adequate radi-
otherapy when it is administered [68].

Fluoropyrimidine-based chemotherapy is widely used
for CRC, but the pharmacokinetics of these agents are sig-
nificantly influenced by sex, with lower elimination and
therefore greater systemic exposure in females than males
[69, 70]. Because of the greater systemic exposure, rates of
adverse events (AEs) are higher in female than male patients
receiving these agents [2, 71, 72]. A meta-analysis of studies
with 5-fluorouracil-based chemotherapy for metastatic CRC
found no difference in overall survival (OS) or progression-
free survival (PFS) between male and female patients, but
significantly higher rates of many AEs (alopecia, diarrhoea,
nausea and vomiting, anaemia and neutropenia) in female
than male patients [73]. The pharmacokinetic differences
between the sexes can be attributed to differences in body
composition, making an argument for fluoropyrimidine dos-
ing based on fat-free mass rather than body surface area or
weight [69].

The impact of sex on the efficacy of adjuvant chemother-
apy is unclear. The ACCENT database of 33,345 patients
with colon cancer reported that sex was not a significant
predictor of treatment efficacy, but compared with males,
females had slightly better 5-year rates of disease-free sur-
vival, OS and recurrence-free survival, that were statistically
significant (Fig. 4) [74]. However, in the MOSAIC study, the
difference between adjuvant FOLFOX and adjuvant leucov-
orin+ 5-fluorouracil was significantly more marked in males
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Fig.4 Five-year rates (95% confidence intervals) of disease-free
survival, recurrence-free survival and overall survival in male
(n=18,224) and female (n=15,101) patients with early-stage colon

than females, and male sex was a prognostic predictor of
better OS outcomes [75].

With regard to systemic therapies for metastatic CRC,
there does not appear to be a difference in outcomes between
men and women receiving bevacizumab in combination
with FOLFOX chemotherapy [76, 77], although a meta-
analysis has suggested that, in females, the benefit of add-
ing bevacizumab to chemotherapy is limited to patients
aged > 60 years, whereas men of all ages achieved a sig-
nificant OS benefit from the addition of bevacizumab [76].

In the TRIBE studies, sex had no impact on objective
response rate or PFS in patients randomised to FOL-
FOX +irinotecan (FOLFOXIRI) + bevacizumab or doublet
chemotherapy + bevacizumab [78]. On the other hand, in
the XELAVIRI study, men had a greater depth of response
and early tumour shrinkage (ETS) when they received
FOLFOXIRI + bevacizumab compared with doublet
chemotherapy + bevacizumab, whereas in women, both
treatment approaches were similarly effective [79]. As a
result of the greater treatment response to triplet therapy in
men, the overall depth of response and ETS rate were sig-
nificantly higher in men than in women (both p <0.0001),

P<0.0001

Recurrence-free survival

P=0.0073

67

|

Overall survival

cancer receiving fluoropyrimidine-based chemotherapy: data from the
ACCENT database [74]

and ETS was associated with a significant survival benefit,
even after adjustment for potential confounders [79].

In the phase 2 VALENTINO study, outcomes were
similar in males and females who received panitumumab
in addition to FOLFOX as first-line induction treatment in
patients with RAS wild-type metastatic CRC [80]. How-
ever, in the PanaMa study, the effect on PFS of adding
panitumumab to 5-fluorouracil + leucovorin as mainte-
nance treatment was significant in males (HR 0.63; 95%
CI10.45-0.88; p=0.006) but not in females (HR 0.85; 95%
CI 0.53-1.35; p=0.491), although the effect of panitu-
mumab on OS was generally similar or slightly better in
females than males [81]. Similar findings were reported
in the phase 3 PARADIGM study, which found that
survival outcomes were better in patients who received
panitumumab compared with bevacizumab in addition to
FOLFOX chemotherapy as first-line therapy for metastatic
CRC, particularly BRAF wild-type left-sided CRC [82].
However, when stratified by sex, only males derived a sig-
nificant benefit from panitumumab in OS (HR 0.77; 95%
CI1 0.63-0.93).
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Safety

Toxicity of locoregional treatments (surgery
and radiotherapy)

There are limited data on sex or gender differences in
adverse outcomes after surgery for CRC. The CAO/
ARO/AIO-94 and CAO/ARO/AIO-04 studies suggested
that women had fewer postoperative complications than
men after sphincter-saving surgery for rectal cancer [83].
Similarly, data from Saudi Arabia reported a significantly
higher rate of surgical site infections amongst male than
female patients undergoing potentially curative surgery for
CRC [84]. In this study, multivariate regression analysis
found that BMI was significantly associated with wound
infections in men [odds ratio (OR) 1.42; 95% CI 1.13-1.78;
p=0.002], but the factors significantly associated with sur-
gical site infections in women were neutrophil:lymphocyte
ratio>5 (OR 2.92; 95% CI 1.09-7.81; p=0.033) and
Glasgow Prognostic Score on postoperative day 4 (OR
2.22;95% CI 1.47-3.34; p<0.001) [84].

One study suggests that females have a more marked
cortisol response to CRC surgery, even after controlling
for surgical factors such as operative time and open ver-
sus laparoscopic approach [85]. A Japanese study demon-
strated that health-related quality of life (HRQoL) dete-
riorated in the month after sphincter-saving surgery in
male and female patients with rectal cancer, but improved
thereafter and returned to baseline after 12 months [86].
Men experienced significantly worse social functioning,
sexual functioning and micturition problems after surgery
compared with women, whereas women experienced more
appetite loss [86]. There were differences between males

and females in relation to the symptoms that significantly
correlated with HRQoL over time (Table 1) [86].

The severity of haematological and acute organ toxicity
associated with chemoradiotherapy is significantly worse in
female than male patients who receive these treatments in
the neoadjuvant or adjuvant setting [83, 87]. According to
one analysis, the effect was particularly marked for intestinal
toxicity, but bladder toxicity was similar in male and female
patients [87]. Recovery of bowel and sexual function are also
affected by preoperative radiotherapy. Preoperative irradia-
tion slows recovery of bowel and sexual function after total
mesorectal excision and negatively affects sexual function in
both men and women [88]. The impact can persist for many
years; even 14 years after preoperative radiotherapy, HRQoL
remained lower than in the general population, and both men
and women continued to experience sexual dysfunction after
irradiation [89].

Toxicity of systemic treatments

Women receiving systemic therapy for cancer generally
experience a higher incidence of symptomatic AEs, irrespec-
tive of the type of treatment (chemotherapy, immunotherapy
or targeted therapy) [90]. In patients with CRC, there is a
consistently higher incidence and severity of haematologi-
cal and non-haematological AEs amongst female than male
patients receiving fluoropyrimidine-based adjuvant chemo-
therapy regimens [71, 81, 91, 92], likely as a result of greater
systemic exposure in women due to pharmacokinetic factors
(described earlier). Females are also more likely than males
to discontinue fluoropyrimidine-based chemotherapy as a
result of AEs [81].

The increased risk of chemotherapy-related AEs
amongst females is also seen in the metastatic setting [73,

Table 1 Correlations (R values) between global health status and symptom scales in male and female patients after sphincter-saving surgery for

rectal cancer in Japan

Symptom Before surgery 1 month after surgery 6 months after surgery 12 months after surgery
Males Females Males Females Males Females Males Females
Fatigue -0.604 -0.701 -0.642 -0.784 -0.692 -0.611 -0.692 -0.601
Nausea and vomiting -0.070 -0.017 -0.238 -0.175 -0.082 -0.132 -0.082 -0.405
Pain -0.479 -0.418 -0.656 -0.354 -0.589 -0.168 -0.350 -0.128
Dyspnoea -0.351 -0.283 -0.309 -0.018 -0.252 -0.179 -0.252 -0.053
Insomnia -0.561 -0.303 -0.524 -0.669 -0.456 -0.290 -0.456 -0.404
Appetite loss -0.258 -0.365 -0.465 -0.590 -0.249 -0.294 -0.249 -0.470
Constipation -0.270 -0.093 -0.082 -0.099 -0.414 -0.176 -0.414 -0.137
Diarrhoea -0.168 -0.393 -0.324 -0.183 -0.109 -0.031 -0.109 -0.091

Shaded cells indicate parameters with a significant correlation [86]. Adapted from Table 4 in [86], by arranging time in columns (instead of
rows), including only symptoms (not functioning), and shading those cells with significant differences, under a CC BY 4.0 DEED license

(https://creativecommons.org/licenses/by/4.0/)
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93]. In the PanaMa study, the incidence of nausea and
alopecia of any grade was significantly higher in female
than male patients who had been randomised to treatment
with panitumumab + chemotherapy [81].

On the other hand, data from Canada indicated that
male sex were a risk factor for developing any thrombo-
embolic event (OR 1.20; 95% CI 1.08-1.34) and coro-
nary thromboembolism (OR 2.15; 95% CI 1.74-2.64) in
patients with CRC [94]. This study included any throm-
boembolic event, not just those occurring during systemic
treatment, but noted that treatment with bevacizumab or
fluoropyrimidines also significantly increased the risk of
any thromboembolism and venous thromboembolism [94].
However, the relationship between male sex and throm-
boembolism was no longer significant when the analysis
was limited to patients receiving fluoropyrimidine-based
chemotherapy (OR 1.16; 95% CI 0.98-1.37) [94].

Men also appear to be at increased risk of develop-
ing hypersensitivity reactions to oxaliplatin, according
to a 5-year real-world analysis from Thailand [95]. In
this study, male sex was associated with a significantly
increased risk of oxaliplatin hypersensitivity (OR 2.628 1
95% CI 1.450-4.763; p=0.001), after adjustment for other
risk factors [95].

In the metastatic setting, the timing of irinotecan
administration may be relevant to AE occurrence, particu-
larly in female patients. Data show that, in females, the
incidence of grade 3 or 4 AEs is lower when irinotecan is
administered in the afternoon compared with the morning
or at night, whereas in males, toxicity is minimised by
morning administration (vs afternoon or night) [96].

Not all of the differences in chemotherapy-related toxic-
ity between men and women may result from inherent bio-
logical differences; some may be gender-related. Gender
stereotypes, stigma and social norms influence both the
health-seeking behaviour of the affected individuals and
the attitudes of healthcare practitioners towards the patient
[97]. For example, men may be less willing to report or
discuss side effects with their physician due to gender
norms about being ‘manly’ and ‘stoic’ [98]. In addition,
gender may influence whether or not a patient sees a side
effect as ‘adverse’ or the level of distress a patient feels
about a particular side effect [97]. Women are particularly
vulnerable to body image distress [99, 100], which affects
how they feel about side effects such as weight gain or alo-
pecia [97]. They are also more likely than men to experi-
ence psychological distress (including anxiety and depres-
sion) which may also affect their experience of AEs such
as bowel symptoms, and vice versa (i.e. adverse bowel
or urinary symptoms may worsen psychological distress)
[99]. All of these factors can affect AE reporting in clinical
trials and in clinical practise.

Recommendations and future lines of action

Given the sex-related differences in CRC described above,
we recommend a number of measures that can be imple-
mented in Spain and elsewhere to improve our knowledge
base, and hopefully lead to better outcomes for male and
female patients.

First, we need to consistently apply sex- and gender-
related terms in medical records and clinical research, and
record both sex and gender in patient registries and clini-
cal databases. This is necessary so that research can iden-
tify both sex- and gender-related issues in the delivery and
effects of cancer services, such as cross-sectional studies to
identify potential sex and gender bias in access to services.
Other areas of research include the need for sex-specific
thresholds for faecal haemoglobin during screening.

Second, a greater number of longitudinal studies are
needed to examine the impact of sex and gender on out-
comes. This includes more research on the impact of gen-
der norms on health-related behaviours in CRC, such as
screening participation or AE reporting. Potential research
may include cohort studies examining the impact of sex
and gender on treatment outcomes, including toxicity, and
on patients’ experience of treatment. Another important
research imperative is to identify the most appropriate body
composition parameters to guide chemotherapy dosing, e.g.
bodyweight, body surface area or fat-free mass.

Third, we need to raise awareness amongst clinicians of
the potential for sex and gender bias in treatment and dos-
ing decisions, through educational initiatives at a national,
regional and local level. Such educational initiatives would
be strengthened by data from the type of research described
above. Only when physicians truly understand how CRC
affects men and women differently can they individualise
treatment decisions for each patient.

Conclusions

There are clear differences between men and women in the
epidemiology, presentation and outcomes of CRC, some of
which may be sex-related (due to inherent biological mecha-
nisms) and some of which may be gender-related (due to
lifestyles, access or experiences). Further research is needed
to clarify these differences, so that treatment can be indi-
vidualised for a patient’s own needs.

Acknowledgements We would like to thank Catherine Rees who
developed the outline based on author guidance, on behalf of Springer
Healthcare, and also Kate Palmer, of Springer Healthcare, who wrote
the first draught. This medical writing assistance was funded by the
Spanish Society of Medical Oncology (SEOM) (Non-competitive) with
an unrestricted grant from Organon.

@ Springer



2834

Clinical and Translational Oncology (2025) 27:2825-2837

Author contributions All authors contributed to conception, design,
data collection, analysis and interpretation of data. All authors
approved the final article.

Funding This medical writing assistance was funded by the Spanish
Society of Medical Oncology (SEOM) with an unrestricted grant from
Organon, who did not influence any aspect of the study design, data
collection, analysis or interpretation, or the decision to submit the
manuscript for publication.

Data availability Data sharing is not applicable to this article as no
datasets were generated or analysed.

Declarations

Conflict of interest Rocio Garcia-Carbonero has provided scientific
advice and/or received honoraria or funding for continuous medi-
cal education from AAA, Advanz Pharma, Amgen, Astellas, Bayer,
BMS, Boerhringer, Esteve, Hutchmed, Ipsen, Midatech Pharma, MSD,
Novartis, PharmaMar, Servier and Takeda, and has received research
support from Pfizer, BMS and MSD. Elena Elez has received personal
honoraria from Amgen, Bayer, BMS, Boehringer Ingelheim, Cure Teq
AG, Hoffman La — Roche, Janssen, Lilly, Medscape, Merck Serono,
MSD, Novartis, Organon, Pfizer, Pierre Fabre, Repare Therapeutics
Inc., RIN Institute Inc., Sanofi, Seagen International, GmbH, Servier,
and Takeda. Ruth Vera Garcia has received personal honoraria from
ROCHE, Amgen, MSD, Merck Serono, Lilly, MSD, Novartis, Orga-
non and Servier. Encarnacién Gonzalez-Flores, Eduardo Redondo-
Cerezo, Maria José Safont have no conflicts of interest related to this
work.

Ethics approval and Informed consent Ethical approval and informed
consent would not apply to the current review article.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. International Agency for Research on Cancer. Global cancer
observatory. 2023. https://gco.iarc.fr/. Accessed 29 Jan 2024.

2. Baraibar I, Ros J, Saoudi N, Salva F, Garcia A, Castells MR,
et al. Sex and gender perspectives in colorectal cancer. ESMO
Open. 2023;8(2):101204. https://doi.org/10.1016/j.esmoop.2023.
101204.

3. Regitz-Zagrosek V. Sex and gender differences in health.
Science and society series on sex and science. EMBO Rep.
2012;13(7):596-603. https://doi.org/10.1038/embor.2012.87.

4. Mauvais-Jarvis F, Berthold HK, Campesi I, Carrero JJ, Dakal
S, Franconi F, et al. Sex- and gender-based pharmacological
response to drugs. Pharmacol Rev. 2021;73(2):730-62. https://
doi.org/10.1124/pharmrev.120.000206.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Vera R, Juan-Vidal O, Safont-Aguilera MJ, de la Pefia FA, Del
Alba AG. Sex differences in the diagnosis, treatment and prog-
nosis of cancer: the rationale for an individualised approach.
Clin Transl Oncol. 2023;25(7):2069-76. https://doi.org/10.1007/
$12094-023-03112-w.

GBD 2019 Colorectal Cancer Collaborators. Global, regional,
and national burden of colorectal cancer and its risk factors,
1990-2019: a systematic analysis for the Global Burden of Dis-
ease Study 2019. Lancet Gastroenterol Hepatol. 2022;7(7):627-
47. https://doi.org/10.1016/S2468-1253(22)00044-9.

Kim H, Giovannucci EL. Sex differences in the association
of obesity and colorectal cancer risk. Cancer Causes Control.
2017;28(1):1-4. https://doi.org/10.1007/s10552-016-0831-5.

. Liu PH, Wu K, Ng K, Zauber AG, Nguyen LH, Song M, et al.

Association of obesity with risk of early-onset colorectal cancer
among women. JAMA Oncol. 2019;5(1):37-44. https://doi.org/
10.1001/jamaoncol.2018.4280.

Bull CJ, Bell JA, Murphy N, Sanderson E, Davey Smith G, Timp-
son NJ, et al. Adiposity, metabolites, and colorectal cancer risk:
Mendelian randomization study. BMC Med. 2020;18(1):396.
https://doi.org/10.1186/s12916-020-01855-9.

Lin JH, Zhang SM, Rexrode KM, Manson JE, Chan AT, Wu K,
et al. Association between sex hormones and colorectal cancer risk
in men and women. Clin Gastroenterol Hepatol. 2013;11(4):419.
el-24.el. https://doi.org/10.1016/j.cgh.2012.11.012.

Murphy N, Strickler HD, Stanczyk FZ, Xue X, Wassertheil-
Smoller S, Rohan TE, et al. A prospective evaluation of endog-
enous sex hormone levels and colorectal cancer risk in postmeno-
pausal women. J Natl Cancer Inst. 2015;107(10):djv210. https://
doi.org/10.1093/jnci/djv210.

Bouras E, Papandreou C, Tzoulaki I, Tsilidis KK. Endogenous
sex steroid hormones and colorectal cancer risk: a systematic
review and meta-analysis. Discov Oncol. 2021;12(1):8. https://
doi.org/10.1007/512672-021-00402-z.

Slattery ML, Potter JD, Curtin K, Edwards S, Ma KN, Anderson
K, et al. Estrogens reduce and withdrawal of estrogens increase
risk of microsatellite instability-positive colon cancer. Cancer
Res. 2001;61(1):126-30.

Dashti SG, Simpson JA, Viallon V, Karahalios A, Moreno-Betan-
cur M, Brasky T, et al. Adiposity and breast, endometrial, and
colorectal cancer risk in postmenopausal women: quantification
of the mediating effects of leptin, C-reactive protein, fasting insu-
lin, and estradiol. Cancer Med. 2022;11(4):1145-59. https://doi.
org/10.1002/cam4.4434.

Lope V, Ferndndez de Larrea N, Pérez-Gomez B, Martin V,
Moreno V, Costas L, et al. Menstrual and reproductive factors
and risk of gastric and colorectal cancer in Spain. PLoS ONE.
2016;11(10):e0164620. https://doi.org/10.1371/journal.pone.
0164620.

Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan
TE, Manson JE, et al. Insulin, insulin-like growth factor-I, endog-
enous estradiol, and risk of colorectal cancer in postmenopausal
women. Cancer Res. 2008;68(1):329-37. https://doi.org/10.1158/
0008-5472.CAN-07-2946.

Wele P, Wu X, Shi H. Sex-dependent differences in colorectal
cancer: with a focus on obesity. Cells. 2022;11(22):3688. https://
doi.org/10.3390/cells11223688.

Jakszyn P, Cayssials V, Buckland G, Perez-Cornago A, Wei-
derpass E, Boeing H, et al. Inflammatory potential of the diet
and risk of colorectal cancer in the European Prospective
Investigation into Cancer and Nutrition study. Int J Cancer.
2020;147(4):1027-39. https://doi.org/10.1002/ijc.32870.
Aleksandrova K, Pischon T, Jenab M, Bueno-de-Mesquita HB,
Fedirko V, Norat T, et al. Combined impact of healthy lifestyle
factors on colorectal cancer: a large European cohort study. BMC
Med. 2014;12:168. https://doi.org/10.1186/s12916-014-0168-4.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://gco.iarc.fr/
https://doi.org/10.1016/j.esmoop.2023.101204
https://doi.org/10.1016/j.esmoop.2023.101204
https://doi.org/10.1038/embor.2012.87
https://doi.org/10.1124/pharmrev.120.000206
https://doi.org/10.1124/pharmrev.120.000206
https://doi.org/10.1007/s12094-023-03112-w
https://doi.org/10.1007/s12094-023-03112-w
https://doi.org/10.1016/S2468-1253(22)00044-9
https://doi.org/10.1007/s10552-016-0831-5
https://doi.org/10.1001/jamaoncol.2018.4280
https://doi.org/10.1001/jamaoncol.2018.4280
https://doi.org/10.1186/s12916-020-01855-9
https://doi.org/10.1016/j.cgh.2012.11.012
https://doi.org/10.1093/jnci/djv210
https://doi.org/10.1093/jnci/djv210
https://doi.org/10.1007/s12672-021-00402-z
https://doi.org/10.1007/s12672-021-00402-z
https://doi.org/10.1002/cam4.4434
https://doi.org/10.1002/cam4.4434
https://doi.org/10.1371/journal.pone.0164620
https://doi.org/10.1371/journal.pone.0164620
https://doi.org/10.1158/0008-5472.CAN-07-2946
https://doi.org/10.1158/0008-5472.CAN-07-2946
https://doi.org/10.3390/cells11223688
https://doi.org/10.3390/cells11223688
https://doi.org/10.1002/ijc.32870
https://doi.org/10.1186/s12916-014-0168-4

Clinical and Translational Oncology (2025) 27:2825-2837

2835

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Castell6 A, Rodriguez-Barranco M, Fernandez de Larrea N, Jak-
szyn P, Dorronsoro A, Amiano P, et al. Adherence to the West-
ern, prudent and Mediterranean dietary patterns and colorectal
cancer risk: findings from the Spanish Cohort of the European
Prospective Investigation into Cancer and Nutrition (EPIC-
Spain). Nutrients. 2022;14(15):3085. https://doi.org/10.3390/
nul4153085.

Yang Y, Wang G, He J, Ren S, Wu F, Zhang J, et al. Gender
differences in colorectal cancer survival: a meta-analysis. Int J
Cancer. 2017;141(10):1942-9. https://doi.org/10.1002/ijc.30827.
Cayuela L, Rodriguez-Dominguez S, Girdldez A, Cayuela A.
Regional differences in colorectal cancer mortality trends,
Spain (1980-2018). Rev Esp Enferm Dig. 2021;113(8):570-5.
https://doi.org/10.17235/reed.2020.7183/2020.
Luque-Fernandez MA, Redondo-Sanchez D, Rodriguez-Bar-
ranco M, Chang-Chan YL, Salamanca-Fernandez E, Nufiez
0, et al. Socioeconomic inequalities in colorectal cancer sur-
vival in Southern Spain: a multilevel population-based cohort
study. Clin Epidemiol. 2020;12:797-806. https://doi.org/10.
2147/CLEP.S261355.

Luque-Fernandez MA, Gongalves K, Salamanca-Fernandez
E, Redondo-Sanchez D, Lee SF, Rodriguez-Barranco M,
et al. Multimorbidity and short-term overall mortality among
colorectal cancer patients in Spain: a population-based cohort
study. Eur J Cancer. 2020;129:4-14. https://doi.org/10.1016/j.
ejca.2020.01.021.

Holowatyj AN, Langston ME, Han Y, Viskochil R, Perea J, Cao
Y, et al. Community health behaviors and geographic variation
in early-onset colorectal cancer survival among women. Clin
Transl Gastroenterol. 2020;11(12):e00266. https://doi.org/10.
14309/ctg.0000000000000266.

O’Neil A, Russell JD, Thompson K, Martinson ML, Peters
SAE. The impact of socioeconomic position (SEP) on women’s
health over the lifetime. Maturitas. 2020;140:1-7. https://doi.
org/10.1016/j.maturitas.2020.06.001.

European Institute for Gender Equality. Gender equality index:
Spain. 2020. https://eige.europa.eu/gender-equality-index/
2020/country/ES. Accessed 15 July 2022.

Esteva M, Leiva A, Ramos-Monserrat M, Espi A, Gonzalez-
Lujan L, Macia F, et al. Relationship between time from symp-
tom’s onset to diagnosis and prognosis in patients with sympto-
matic colorectal cancer. BMC Cancer. 2022;22(1):910. https://
doi.org/10.1186/s12885-022-09990-7.

Ghebrial M, Aktary ML, Wang Q, Spinelli JJ, Shack L, Robson
PJ, et al. Predictors of CRC stage at diagnosis among male and
female adults participating in a prospective cohort study: findings
from Alberta’s Tomorrow Project. Curr Oncol. 2021;28(6):4938—
52. https://doi.org/10.3390/curroncol280604 14.

American Cancer Society. Survival rates for colorectal cancer.
2024. https://www.cancer.org/cancer/types/colon-rectal-cancer/
detection-diagnosis-staging/survival-rates.html. Accessed 26 Jan
2024.

Shaukat A, Levin TR. Current and future colorectal cancer screen-
ing strategies. Nat Rev Gastroenterol Hepatol. 2022;19(8):521—
31. https://doi.org/10.1038/s41575-022-00612-y.

Brenner H, Jansen L, Ulrich A, Chang-Claude J, Hoffmeister
M. Survival of patients with symptom- and screening-detected
colorectal cancer. Oncotarget. 2016;7(28):44695-704. https://
doi.org/10.18632/oncotarget.9412.

Nouni-Garcia R, Lara-Lépez A, Carratala-Munuera C, Gil-
Guillén VF, Lopez-Pineda A, Orozco-Beltran D, et al. Factors
associated with colorectal cancer screening in Spain: results of
the 2017 National Health Survey. Int J Environ Res Public Health.
2022;19(9):5460. https://doi.org/10.3390/ijerph19095460.
Clark GRC, Steele RJC, Fraser CG. Strategies to minimise
the current disadvantages experienced by women in faecal

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

immunochemical test-based colorectal cancer screening. Clin
Chem Lab Med. 2022;60(10):1496-505. https://doi.org/10.1515/
cclm-2022-0583.

Guiriguet C, Pera G, Castells A, Toran P, Grau J, Rivero I, et al.
Impact of comorbid conditions on participation in an organ-
ised colorectal cancer screening programme: a cross-sectional
study. BMC Cancer. 2017;17(1):524. https://doi.org/10.1186/
$12885-017-3516-x.

Rollet Q, Tron L, De Mil R, Launoy G, Guillaume E. Contextual
factors associated with cancer screening uptake: a systematic
review of observational studies. Prev Med. 2021;150:106692.
https://doi.org/10.1016/j.ypmed.2021.106692.

Koskenvuo L, Malila N, Pitkaniemi J, Miettinen J, Heikkinen S,
Sallinen V. Sex differences in faecal occult blood test screening
for colorectal cancer. BrJ Surg. 2019;106(4):436—47. https://doi.
org/10.1002/bjs.11011.

Carey RN, El-Zaemey S. Lifestyle and occupational factors asso-
ciated with participation in colorectal cancer screening among
men and women in Australia. Prev Med. 2019;126:105777.
https://doi.org/10.1016/j.ypmed.2019.105777.

Ritvo P, Myers RE, Paszat L, Serenity M, Perez DF, Rabeneck
L. Gender differences in attitudes impeding colorectal cancer
screening. BMC Public Health. 2013;13:500. https://doi.org/10.
1186/1471-2458-13-500.

Eom KY, Jarlenski M, Schoen RE, Robertson L, Sabik LM. Sex
differences in the impact of Affordable Care Act Medicaid expan-
sion on colorectal cancer screening. Prev Med. 2020;138:106171.
https://doi.org/10.1016/j.ypmed.2020.106171.

Khara HS, Suthar D, Bergenstock M, Berger A, McKee JL, Stewart
D, et al. Identifying gender barriers for colorectal cancer screening
and assessing the need for a multigender endoscopy team: a pro-
spective multicenter study. Am J Gastroenterol. 2021;116(8):1646—
56. https://doi.org/10.14309/ajg.0000000000001318.

Gonzalez LV, Sotos FE, de Miguel Ibaiiez R. Colorectal can-
cer screening in Castilla La Mancha, Spain: the influence of
social, economic, demographic and geographic factors. J Com-
munity Health. 2022;47(3):446-53. https://doi.org/10.1007/
$10900-022-01071-x.

de Klerk CM, Vendrig LM, Bossuyt PM, Dekker E. Partici-
pant-related risk factors for false-positive and false-negative
fecal immunochemical tests in colorectal cancer screen-
ing: systematic review and meta-analysis. Am J Gastro-
enterol. 2018;113(12):1778-87. https://doi.org/10.1038/
s41395-018-0212-7.

Selby K, Levine EH, Doan C, Gies A, Brenner H, Quesenberry
C, et al. Effect of sex, age, and positivity threshold on fecal
immunochemical test accuracy: a systematic review and meta-
analysis. Gastroenterology. 2019;157(6):1494-505. https://doi.
org/10.1053/.gastro.2019.08.023.

Clark GR, Digby J, Fraser CG, Strachan JA, Steele RJ. Faecal
haemoglobin concentrations in women and men diagnosed with
colorectal cancer in a national screening programme. J Med
Screen. 2022;29(1):26-31. https://doi.org/10.1177/0969141321
1056970.

Ribbing Wilen H, Saraste D, Blom J. Interval cancers in a
population-based screening program for colorectal cancer with
gender-specific cut-off levels for fecal immunochemical test. J
Med Screen. 2022;29(3):156—65. https://doi.org/10.1177/09691
413221085218.

Arana-Arri E, Idigoras I, Uranga B, Pérez R, Irurzun A, Gutiér-
rez-Ibarluzea I, et al. Population-based colorectal cancer screen-
ing programmes using a faecal immunochemical test: should fae-
cal haemoglobin cut-offs differ by age and sex? BMC Cancer.
2017;17(1):577. https://doi.org/10.1186/s12885-017-3555-3.
Kim SE, Paik HY, Yoon H, Lee JE, Kim N, Sung MK. Sex-
and gender-specific disparities in colorectal cancer risk. World

@ Springer


https://doi.org/10.3390/nu14153085
https://doi.org/10.3390/nu14153085
https://doi.org/10.1002/ijc.30827
https://doi.org/10.17235/reed.2020.7183/2020
https://doi.org/10.2147/CLEP.S261355
https://doi.org/10.2147/CLEP.S261355
https://doi.org/10.1016/j.ejca.2020.01.021
https://doi.org/10.1016/j.ejca.2020.01.021
https://doi.org/10.14309/ctg.0000000000000266
https://doi.org/10.14309/ctg.0000000000000266
https://doi.org/10.1016/j.maturitas.2020.06.001
https://doi.org/10.1016/j.maturitas.2020.06.001
https://eige.europa.eu/gender-equality-index/2020/country/ES
https://eige.europa.eu/gender-equality-index/2020/country/ES
https://doi.org/10.1186/s12885-022-09990-7
https://doi.org/10.1186/s12885-022-09990-7
https://doi.org/10.3390/curroncol28060414
https://www.cancer.org/cancer/types/colon-rectal-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/types/colon-rectal-cancer/detection-diagnosis-staging/survival-rates.html
https://doi.org/10.1038/s41575-022-00612-y
https://doi.org/10.18632/oncotarget.9412
https://doi.org/10.18632/oncotarget.9412
https://doi.org/10.3390/ijerph19095460
https://doi.org/10.1515/cclm-2022-0583
https://doi.org/10.1515/cclm-2022-0583
https://doi.org/10.1186/s12885-017-3516-x
https://doi.org/10.1186/s12885-017-3516-x
https://doi.org/10.1016/j.ypmed.2021.106692
https://doi.org/10.1002/bjs.11011
https://doi.org/10.1002/bjs.11011
https://doi.org/10.1016/j.ypmed.2019.105777
https://doi.org/10.1186/1471-2458-13-500
https://doi.org/10.1186/1471-2458-13-500
https://doi.org/10.1016/j.ypmed.2020.106171
https://doi.org/10.14309/ajg.0000000000001318
https://doi.org/10.1007/s10900-022-01071-x
https://doi.org/10.1007/s10900-022-01071-x
https://doi.org/10.1038/s41395-018-0212-7
https://doi.org/10.1038/s41395-018-0212-7
https://doi.org/10.1053/j.gastro.2019.08.023
https://doi.org/10.1053/j.gastro.2019.08.023
https://doi.org/10.1177/09691413211056970
https://doi.org/10.1177/09691413211056970
https://doi.org/10.1177/09691413221085218
https://doi.org/10.1177/09691413221085218
https://doi.org/10.1186/s12885-017-3555-3

2836

Clinical and Translational Oncology (2025) 27:2825-2837

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

J Gastroenterol. 2015;21(17):5167-75. https://doi.org/10.3748/
wjg.v21.i17.5167.

Kim NH, Park JH, Park DI, Sohn CI, Choi K, Jung YS. Risk
factors for false fecal immunochemical test results in colorec-
tal cancer screening. J Clin Gastroenterol. 2017;51(2):151-9.
https://doi.org/10.1097/MCG.0000000000000588.

Hassan C, Piovani D, Spadaccini M, Parigi T, Khalaf K, Fac-
ciorusso A, et al. Variability in adenoma detection rate in control
groups of randomized colonoscopy trials: a systematic review
and meta-analysis. Gastrointest Endosc. 2023;97(2):212 e7-225.
https://doi.org/10.1016/j.gie.2022.10.009.

Lall V, Ismail AGM, Ayonrinde OT. Disparate age and sex distri-
bution of sessile serrated lesions and conventional adenomas in
an outpatient colonoscopy population-implications for colorec-
tal cancer screening? Int J Colorectal Dis. 2022;37(7):1569-79.
https://doi.org/10.1007/s00384-022-04191-x.

Harvey BJ, Harvey HM. Sex differences in colon cancer:
genomic and nongenomic signalling of oestrogen. Genes (Basel).
2023;14(12):2225. https://doi.org/10.3390/genes14122225.
Abancens M, Bustos V, Harvey H, McBryan J, Harvey BJ. Sex-
ual dimorphism in colon cancer. Front Oncol. 2020;10:607909.
https://doi.org/10.3389/fonc.2020.607909.

Geddes AE, Ray AL, Nofchissey RA, Esmaeili A, Saunders
A, Bender DE, et al. An analysis of sexual dimorphism in the
tumor microenvironment of colorectal cancer. Front Oncol.
2022;12:986103. https://doi.org/10.3389/fonc.2022.986103.
Hasékova K, Bezakova J, Vician M, Reis R, Zeman M, Herichova
1. Gender-dependent expression of leading and passenger strand
of miR-21 and miR-16 in human colorectal cancer and adjacent
colonic tissues. Physiol Res. 2017;66(Suppl 4):S575-82. https://
doi.org/10.33549/physiolres.933808.

Wiencke JK, Zheng S, Lafuente A, Lafuente MJ, Grudzen C,
Wrensch MR, et al. Aberrant methylation of p16INK4a in ana-
tomic and gender-specific subtypes of sporadic colorectal cancer.
Cancer Epidemiol Biomarkers Prev. 1999;8(6):501-6.

Liao H, Li C, Ai Y, Kou Y. Gut microbiome is more stable in
males than in females during the development of colorectal can-
cer. ] Appl Microbiol. 2021;131(1):435-48. https://doi.org/10.
1111/jam.14943.

Heisser T, Simon A, Hapfelmeier J, Hoffmeister M, Brenner H.
Treatment costs of colorectal cancer by sex and age: population-
based study on health insurance data from Germany. Cancers
(Basel). 2022;14(15):3836. https://doi.org/10.3390/cancers141
53836.

Ljunggren M, Weibull CE, Palmer G, Osterlund E, Glimelius B,
Martling A, et al. Sex differences in metastatic surgery follow-
ing diagnosis of synchronous metastatic colorectal cancer. Int J
Cancer. 2023;152(3):363-73. https://doi.org/10.1002/ijc.34255.
Schmuck R, Gerken M, Teegen EM, Krebs I, Klinkhammer-
Schalke M, Aigner F, et al. Gender comparison of clinical, his-
topathological, therapeutic and outcome factors in 185,967 colon
cancer patients. Langenbecks Arch Surg. 2020;405(1):71-80.
https://doi.org/10.1007/s00423-019-01850-6.

Yap S, He E, Egger S, Goldsbury DE, Lew JB, Ngo PJ, et al.
Colon and rectal cancer treatment patterns and their associations
with clinical, sociodemographic and lifestyle characteristics:
analysis of the Australian 45 and up study cohort. BMC Cancer.
2023;23(1):60. https://doi.org/10.1186/s12885-023-10528-8.
Argilés G, Tabernero J, Labianca R, Hochhauser D, Salazar R,
Iveson T, et al. Localised colon cancer: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2020;31(10):1291-305. https://doi.org/10.1016/j.annonc.2020.
06.022.

Cervantes A, Adam R, Rosell6 S, Arnold D, Normanno N, Taieb
J, et al. Metastatic colorectal cancer: ESMO clinical practice

@ Springer

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

guideline for diagnosis, treatment and follow-up. Ann Oncol.
2023;34(1):10-32. https://doi.org/10.1016/j.annonc.2022.10.003.
Targarona EM, Balague C, Pernas JC, Martinez C, Berindoague
R, Gich I, et al. Can we predict immediate outcome after laparo-
scopic rectal surgery? Multivariate analysis of clinical, anatomic,
and pathologic features after 3-dimensional reconstruction of the
pelvic anatomy. Ann Surg. 2008;247(4):642-9. https://doi.org/
10.1097/SLA.0b013e3181612c6a.

Gonzalez JR, Fernandez E, Moreno V, Ribes J, Peris M, Nav-
arro M, et al. Sex differences in hospital readmission among
colorectal cancer patients. J Epidemiol Community Health.
2005;59(6):506—11. https://doi.org/10.1136/jech.2004.028902.
van Erning FN, Greidanus NEM, Verhoeven RHA, Buijsen J, de
Wilt HW, Wagner D, et al. Gender differences in tumor charac-
teristics, treatment and survival of colorectal cancer: a popula-
tion-based study. Cancer Epidemiol. 2023;86:102441. https://doi.
org/10.1016/j.canep.2023.102441.

Paulson EC, Wirtalla C, Armstrong K, Mahmoud NN. Gender
influences treatment and survival in colorectal cancer surgery.
Dis Colon Rectum. 2009;52(12):1982-91. https://doi.org/10.
1007/DCR.0b013e3181beb42a.

Fietkau R, Rodel C, Hohenberger W, Raab R, Hess C, Liersch
T, et al. Rectal cancer delivery of radiotherapy in adequate time
and with adequate dose is influenced by treatment center, treat-
ment schedule, and gender and is prognostic parameter for local
control: results of study CAO/ARO/AIO-94. Int J Radiat Oncol
Biol Phys. 2007;67(4):1008—-19. https://doi.org/10.1016/].ijrobp.
2006.10.020.

Rakshith HT, Lohita S, Rebello AP, Goudanavar PS, Raghav-
endra Naveen N. Sex differences in drug effects and/or toxicity
in oncology. Curr Res Pharmacol Drug Discov. 2023;4:100152.
https://doi.org/10.1016/j.crphar.2022.100152.

Wagner AD. Sex differences in cancer chemotherapy effects, and
why we need to reconsider BSA-based dosing of chemotherapy.
ESMO Open. 2020;5(5):000770. https://doi.org/10.1136/esmoo
pen-2020-000770.

Wagner AD, Grothey A, Andre T, Dixon JG, Wolmark N, Haller
DG, et al. Sex and adverse events of adjuvant chemotherapy in
colon cancer: an analysis of 34 640 patients in the ACCENT
database. J Natl Cancer Inst. 2021;113(4):400-7. https://doi.org/
10.1093/jnci/djaal24.

Lim H, Kim SY, Lee E, Lee S, Oh S, Jung J, et al. Sex-dependent
adverse drug reactions to 5-fluorouracil in colorectal cancer. Biol
Pharm Bull. 2019;42(4):594-600. https://doi.org/10.1248/bpb.
b18-00707.

Abdel-Rahman O. Impact of sex on chemotherapy toxicity
and efficacy among patients with metastatic colorectal cancer:
pooled analysis of 5 randomized trials. Clin Colorectal Cancer.
2019;18(2):110.e2-5.€2. https://doi.org/10.1016/j.clcc.2018.12.
006.

Cheung WY, Shi Q, O’Connell M, Cassidy J, Blanke CD, Kerr
DJ, 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.
https://doi.org/10.1016/j.clcc.2013.04.004.

André T, de Gramont A, Vernerey D, Chibaudel B, Bonnetain
F, Tijeras-Raballand A, et al. Adjuvant fluorouracil, leuco-
vorin, and oxaliplatin in stage II to III colon cancer: updated
10-year survival and outcomes according to BRAF mutation
and mismatch repair status of the MOSAIC study. J Clin Oncol.
2015;33(35):4176-87. https://doi.org/10.1200/JC0O.2015.63.
4238.

Margalit O, Harmsen WS, Shacham-Shmueli E, Voss MM,
Boursi B, Wagner AD, et al. Evaluating sex as a predictive
marker for response to bevacizumab in metastatic colorectal
carcinoma: pooled analysis of 3,369 patients in the ARCAD


https://doi.org/10.3748/wjg.v21.i17.5167
https://doi.org/10.3748/wjg.v21.i17.5167
https://doi.org/10.1097/MCG.0000000000000588
https://doi.org/10.1016/j.gie.2022.10.009
https://doi.org/10.1007/s00384-022-04191-x
https://doi.org/10.3390/genes14122225
https://doi.org/10.3389/fonc.2020.607909
https://doi.org/10.3389/fonc.2022.986103
https://doi.org/10.33549/physiolres.933808
https://doi.org/10.33549/physiolres.933808
https://doi.org/10.1111/jam.14943
https://doi.org/10.1111/jam.14943
https://doi.org/10.3390/cancers14153836
https://doi.org/10.3390/cancers14153836
https://doi.org/10.1002/ijc.34255
https://doi.org/10.1007/s00423-019-01850-6
https://doi.org/10.1186/s12885-023-10528-8
https://doi.org/10.1016/j.annonc.2020.06.022
https://doi.org/10.1016/j.annonc.2020.06.022
https://doi.org/10.1016/j.annonc.2022.10.003
https://doi.org/10.1097/SLA.0b013e3181612c6a
https://doi.org/10.1097/SLA.0b013e3181612c6a
https://doi.org/10.1136/jech.2004.028902
https://doi.org/10.1016/j.canep.2023.102441
https://doi.org/10.1016/j.canep.2023.102441
https://doi.org/10.1007/DCR.0b013e3181beb42a
https://doi.org/10.1007/DCR.0b013e3181beb42a
https://doi.org/10.1016/j.ijrobp.2006.10.020
https://doi.org/10.1016/j.ijrobp.2006.10.020
https://doi.org/10.1016/j.crphar.2022.100152
https://doi.org/10.1136/esmoopen-2020-000770
https://doi.org/10.1136/esmoopen-2020-000770
https://doi.org/10.1093/jnci/djaa124
https://doi.org/10.1093/jnci/djaa124
https://doi.org/10.1248/bpb.b18-00707
https://doi.org/10.1248/bpb.b18-00707
https://doi.org/10.1016/j.clcc.2018.12.006
https://doi.org/10.1016/j.clcc.2018.12.006
https://doi.org/10.1016/j.clcc.2013.04.004
https://doi.org/10.1200/JCO.2015.63.4238
https://doi.org/10.1200/JCO.2015.63.4238

Clinical and Translational Oncology (2025) 27:2825-2837

2837

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

database. Eur J Cancer. 2023;178:162-70. https://doi.org/10.
1016/j.ejca.2022.10.022.

Yamada Y, Muro K, Takahashi K, Baba H, Komatsu Y, Satoh
T, et al. Impact of sex and histology on the therapeutic effects of
fluoropyrimidines and oxaliplatin plus bevacizumab for patients
with metastatic colorectal cancer in the SOFT trial. Glob Health
Med. 2020;2(4):240-6. https://doi.org/10.35772/ghm.2020.01050.
Marmorino F, Rossini D, Lonardi S, Moretto R, Zucchelli G,
Aprile G, et al. Impact of age and gender on the safety and effi-
cacy of chemotherapy plus bevacizumab in metastatic colorectal
cancer: a pooled analysis of TRIBE and TRIBE2 studies. Ann
Oncol. 2019;30(12):1969-77. https://doi.org/10.1093/annonc/
mdz403.

Kurreck A, Heinemann V, Fischer von Weikersthal L, Decker
T, Kaiser F, Uhlig J, et al. Response and disease dynamics in
untreated metastatic colorectal cancer with bevacizumab-based
sequential vs. combination chemotherapy-analysis of the phase 3
XELAVIRI trial. Front Oncol. 2022;12:751453. https://doi.org/
10.3389/fonc.2022.751453.

Raimondi A, Randon G, Prisciandaro M, Pagani F, Lonardi S,
Antoniotti C, et al. Early onset metastatic colorectal cancer in
patients receiving panitumumab-based upfront strategy: overall
and sex-specific outcomes in the Valentino trial. Int J Cancer.
2022;151(10):1760-9. https://doi.org/10.1002/ijc.34156.
Heinrich K, Karthaus M, Fruehauf S, Graeven U, Mueller L,
Konig AO, et al. Impact of sex on the efficacy and safety of pani-
tumumab plus fluorouracil and folinic acid versus fluorouracil
and folinic acid alone as maintenance therapy in RAS WT meta-
static colorectal cancer (mCRC). Subgroup analysis of the Pan-
aMa-study (AIO-KRK-0212). ESMO Open. 2023;8(4):101568.
https://doi.org/10.1016/j.esmoop.2023.101568.

‘Watanabe J, Muro K, Shitara K, Yamazaki K, Shiozawa M, Ohori
H, et al. Panitumumab vs bevacizumab added to standard first-
line chemotherapy and overall survival among patients with RAS
wild-type, left-sided metastatic colorectal cancer: a randomized
clinical trial. JAMA. 2023;329(15):1271-82. https://doi.org/10.
1001/jama.2023.4428.

Diefenhardt M, Ludmir EB, Hofheinz RD, Ghadimi M, Minsky
BD, Rodel C, et al. Association of sex with toxic effects, treat-
ment adherence, and oncologic outcomes in the CAO/ARO/AIO-
94 and CAO/ARO/AIO-04 phase 3 randomized clinical trials of
rectal cancer. JAMA Oncol. 2020;6(2):294-6. https://doi.org/10.
1001/jamaoncol.2019.5102.

Almasaudi AS, McSorley ST, Horgan PG, McMillan DC,
Edwards CA. The relationship between body mass index, sex,
and postoperative outcomes in patients undergoing poten-
tially curative surgery for colorectal cancer. Clin Nutr ESPEN.
2019;30:185-9. https://doi.org/10.1016/j.clnesp.2018.12.084.
Fleszar MG, Fortuna P, Zawadzki M, Hodurek P, Bednarz-Misa
I, Witkiewicz W, et al. Sex, type of surgery, and surgical site
infections are associated with perioperative cortisol in colorectal
cancer patients. J Clin Med. 2021;10(4):589. https://doi.org/10.
3390/jcm10040589.

Kinoshita Y, Chishaki A, Kawamoto R, Manabe T, Ueki T, Hirata
K, et al. A longitudinal study of gender differences in quality of
life among Japanese patients with lower rectal cancer treated
with sphincter-saving surgery: a 1-year follow-up. World J Surg
Oncol. 2015;13:91. https://doi.org/10.1186/512957-015-0485-x.
Wolff HA, Conradi LC, Beissbarth T, Leha A, Hohenberger
W, Merkel S, et al. Gender affects acute organ toxicity during
radiochemotherapy for rectal cancer: long-term results of the
German CAO/ARO/AIO-94 phase III trial. Radiother Oncol.
2013;108(1):48-54. https://doi.org/10.1016/j.radonc.2013.05.
009.

Marijnen CA, van de Velde CJ, Putter H, van den Brink M,
Maas CP, Martijn H, et al. Impact of short-term preoperative

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

radiotherapy on health-related quality of life and sexual function-
ing in primary rectal cancer: report of a multicenter randomized
trial. J Clin Oncol. 2005;23(9):1847-58. https://doi.org/10.1200/
JCO.2005.05.256.

Wiltink LM, Chen TY, Nout RA, Kranenbarg EM, Fiocco M,
Laurberg S, et al. Health-related quality of life 14 years after
preoperative short-term radiotherapy and total mesorectal exci-
sion for rectal cancer: report of a multicenter randomised trial.
Eur J Cancer. 2014;50(14):2390-8. https://doi.org/10.1016/j.ejca.
2014.06.020.

Unger JM, Vaidya R, Albain KS, LeBlanc M, Minasian LM,
Gotay CC, et al. Sex differences in risk of severe adverse events
in patients receiving immunotherapy, targeted therapy, or chemo-
therapy in cancer clinical trials. J Clin Oncol. 2022;40(13):1474—
86. https://doi.org/10.1200/JC0O.21.02377.

Nozawa H, Kawai K, Sasaki K, Murono K, Emoto S, Yokoyama
Y, et al. Women are predisposed to early dose-limiting toxicities
during adjuvant CAPOX for colorectal cancer. Int J Clin Pract.
2021;75(11):e14863. https://doi.org/10.1111/ijcp.14863.

Ilich AI, Danilak M, Kim CA, Mulder KE, Spratlin JL, Ghosh
S, et al. Effects of gender on capecitabine toxicity in colorectal
cancer. J Oncol Pharm Pract. 2016;22(3):454—60. https://doi.org/
10.1177/1078155215587345.

Diaz R, Aparicio J, Molina J, Palomar L, Gimenez A, Ponce J,
et al. Clinical predictors of severe toxicity in patients treated with
combination chemotherapy with irinotecan and/or oxaliplatin for
metastatic colorectal cancer: a single center experience. Med
Oncol. 2006;23(3):347-57. https://doi.org/10.1385/mo0:23:3:347.
Abdel-Rahman O, Wu C, Easaw J. Risk of arterial and venous
thromboembolic events among patients with colorectal carci-
noma: a real-world, population-based study. Future Oncol.
2021;17(30):3977-86. https://doi.org/10.2217/fon-2021-0252.
Palapinyo S, Klaewsongkram J, Sriuranpong V, Areepium N.
Incidence of oxaliplatin hypersensitivity reaction among colo-
rectal cancer patients: a 5-year retrospective study. Pharm Pract
(Granada). 2022;20(2):2635. https://doi.org/10.18549/Pharm
Pract.2022.2.2635.

Innominato PF, Ballesta A, Huang Q, Focan C, Chollet P, Kara-
boué A, et al. Sex-dependent least toxic timing of irinotecan
combined with chronomodulated chemotherapy for metastatic
colorectal cancer: randomized multicenter EORTC 05011 trial.
Cancer Med. 2020;9(12):4148-59. https://doi.org/10.1002/cam4.
3056.

Lee KMN, Rushovich T, Gompers A, Boulicault M, Worthington
S, Lockhart JW, et al. A gender hypothesis of sex disparities in
adverse drug events. Soc Sci Med. 2023;339:116385. https://doi.
org/10.1016/j.socscimed.2023.116385.

McCaughan E, Prue G, Parahoo K, Mcllfatrick S, McKenna H.
Exploring and comparing the experience and coping behaviour
of men and women with colorectal cancer after chemotherapy
treatment: a qualitative longitudinal study. Psychooncology.
2012;21(1):64-71. https://doi.org/10.1002/pon.1871.

Han CJ, Yang GS, Syrjala K. Symptom experiences in colorec-
tal cancer survivors after cancer treatments: a systematic review
and meta-analysis. Cancer Nurs. 2020;43(3):E132-58. https://
doi.org/10.1097/NCC.0000000000000785.

Reese JB, Handorf E, Haythornthwaite JA. Sexual qual-
ity of life, body image distress, and psychosocial outcomes
in colorectal cancer: a longitudinal study. Support Care
Cancer. 2018;26(10):3431-40. https://doi.org/10.1007/
$00520-018-4204-3.

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

@ Springer


https://doi.org/10.1016/j.ejca.2022.10.022
https://doi.org/10.1016/j.ejca.2022.10.022
https://doi.org/10.35772/ghm.2020.01050
https://doi.org/10.1093/annonc/mdz403
https://doi.org/10.1093/annonc/mdz403
https://doi.org/10.3389/fonc.2022.751453
https://doi.org/10.3389/fonc.2022.751453
https://doi.org/10.1002/ijc.34156
https://doi.org/10.1016/j.esmoop.2023.101568
https://doi.org/10.1001/jama.2023.4428
https://doi.org/10.1001/jama.2023.4428
https://doi.org/10.1001/jamaoncol.2019.5102
https://doi.org/10.1001/jamaoncol.2019.5102
https://doi.org/10.1016/j.clnesp.2018.12.084
https://doi.org/10.3390/jcm10040589
https://doi.org/10.3390/jcm10040589
https://doi.org/10.1186/s12957-015-0485-x
https://doi.org/10.1016/j.radonc.2013.05.009
https://doi.org/10.1016/j.radonc.2013.05.009
https://doi.org/10.1200/JCO.2005.05.256
https://doi.org/10.1200/JCO.2005.05.256
https://doi.org/10.1016/j.ejca.2014.06.020
https://doi.org/10.1016/j.ejca.2014.06.020
https://doi.org/10.1200/JCO.21.02377
https://doi.org/10.1111/ijcp.14863
https://doi.org/10.1177/1078155215587345
https://doi.org/10.1177/1078155215587345
https://doi.org/10.1385/mo:23:3:347
https://doi.org/10.2217/fon-2021-0252
https://doi.org/10.18549/PharmPract.2022.2.2635
https://doi.org/10.18549/PharmPract.2022.2.2635
https://doi.org/10.1002/cam4.3056
https://doi.org/10.1002/cam4.3056
https://doi.org/10.1016/j.socscimed.2023.116385
https://doi.org/10.1016/j.socscimed.2023.116385
https://doi.org/10.1002/pon.1871
https://doi.org/10.1097/NCC.0000000000000785
https://doi.org/10.1097/NCC.0000000000000785
https://doi.org/10.1007/s00520-018-4204-3
https://doi.org/10.1007/s00520-018-4204-3

	Gender and sex differences in colorectal cancer screening, diagnosis and treatment
	Abstract
	Introduction
	Materials and methods
	Epidemiology of CRC​
	Incidencerisk
	Sex
	Gender

	Survival

	Diagnosis
	Anatomical and molecular differences
	Influence of sex and gender on the use and efficacy of treatments for CRC​
	Safety
	Toxicity of locoregional treatments (surgery and radiotherapy)
	Toxicity of systemic treatments

	Recommendations and future lines of action
	Conclusions
	Acknowledgements 
	References




