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Background: Sex differences in epidemiological, clinical and pathological characteristics of colorectal cancer have been un-
der intensive investigation for the last three decades. Given that most of the sex-related differences reported
were also age-related, this study sought to determine the potential effect of a sex-age interaction on colorec-
tal cancer development and progression.

Material/Methods: Statistical data on sex- and age-specific colon or rectal cancer incidence, disease stage and survival for white
persons were derived from the United States Surveillance, Epidemiology and End Results (SEER) Program. Age-
specific incidence rates in 2002-2006 were analyzed by 5-year age groups (45-49, 50-54, 55-59, 60-64, 65-69,
70-74, 75-79, 80-84 years) in men and women. Sex differences were measured by calculating rate differenc-
es (RD) and rate ratios (RR). Equivalent analyses for a similar time period were performed for stage distribu-
tion and 5-year relative survival.

Results: Age-specific incidence rates were higher for men, for all life-time periods. However, the magnitude of the male
predominance was age-dependent. The RR and RD did not remain constant over time: they increased gradu-
ally with age, peaked at 70-74 years, and declined thereafter. The distribution of stage at diagnosis was sim-
ilar between men and women, but women seemed to have better survival, until the age of 64 years for colon
cancer and 74 years for rectal cancer.

Conclusions: There seem to be significant age-related sex differences in the incidence of colorectal cancer, and maybe also
in its prognosis.
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Background

Colorectal cancer (CRC) is one of the most common malignan-
cies in both men and women worldwide. Despite improvements
in prevention in recent years, the reported global incidence is
still about one million per year. CRC accounts for more than
500,000 deaths annually, making it the third leading cause of
cancer-related mortality [1]. The 5-year survival proportion is
64% in Western countries [2]. Most affected patients are el-
derly, giving rise to the assumption that the disease is slow-
developing. Therefore, the identification of its main etiological
factors could help clinicians reduce the health burden of the
disease by more effective screening and treatment strategies.

There is cumulative evidence of sex-related differences in the
incidence, anatomic site distribution, and chemoresponsive-
ness of CRC. Incidence rates are lower in women than men,
with a particularly striking discrepancy between pre-menopaus-
al women and age-matched men [3,4]. Women have a greater
susceptibility to right-sided tumors (proximal and transverse
segments of the colon) than to left-sided tumors (distal colon
and rectum) [2], and white men having the greatest risk for
distal CRC [5]. Women are more likely than men to respond to
5-fluorouracil (5-FU)-based chemotherapy [6], perhaps owing
to the lower cellular level of thymidilate synthase, the main
target of the drug, in tumors in women [7]. On the molecular
level, sex differences have been found in the “mutator pheno-
type” which causes genetic instability in the form of deletion
and insertion mutations in simple repetitive DNA sequences
at microsatellite loci. Microsatellite instability (MSI) occurs in
10% to 20% of cases of sporadic CRC and is more character-
istic of women than men.

Based on the observation that most of the reported sex-re-
lated differences in clinical and molecular parameters of CRC
were also age-related, the aim of the present study was to in-
vestigate the effect of potential sex-age interactions on the
development and progression of the disease. Specifically, we
sought to determine if the overall male predominance is con-
stant over the lifetime of men and women or is subject to sex-
age interactions. If a similar pattern affects the stage distribu-
tion at diagnosis and patient outcome.

Material and Methods

Data source

All data presented and analyzed were obtained from the
Surveillance, Epidemiology and End Results (SEER) website
of the United States (US) National Cancer Institute (www.
seer.cancer.gov), which provides information on cancer statis-
tics [8]. We used the sex- and age-specific statistical data on

Purim O et al:
Sex-age interactions in colorectal cancer
© Med Sci Monit, 2013; 19: 203-209

incidence rates, stage distribution, and survival of CRC in the
white (race) population from 17 geographic areas in the US
(San Francisco, Connecticut, Detroit, Hawaii, lowa, New-Mexico,
Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska
Native Registry, Rural Georgia, California excluding SF/SJIM/LA,
Kentucky, Louisiana, and New Jersey). We limited the calcula-
tion to whites for two main reasons. First, the white population
represents the majority of US residents and US patients with
CRC (82% of all CRC cases in 2002-2006) and may be repre-
sentative of the general western white population. Second, lim-
iting our study sample eliminated the comparison complexity
of possible endogenous or exogenous race-related factors [9].

Analyses were performed according to anatomic cancer subsites
(colon, rectum) using incidence and survival rates per 100,000
individuals (men or women). The age-adjusted incidence rates
(for the 2000 US standard population) and age-specific inci-
dence rates covered the period of 2002-2006; the age-spe-
cific rates were categorized in 5-year age groups, from 45-49
years to 80-84 years. We excluded the <45-year-group because
of small rate counts for the combined years and the >85-year
group because of the possibility of confounders complicating
sex differences. Stage distribution percentage was based on
the latest statistical data available for the years 2000-2006.
Categories for stage at diagnosis were coded according to the
SEER Summary Stage 2000 [10]: malignant microscopically con-
firmed tumors were defined as localized (invasive tumors con-
fined to the colon or rectum), regional (tumors that invaded
surrounding tissues, organs, lymph nodes), distant (metasta-
sized tumors), and unstaged. Sex- and age-specific incidence
rates were stratified by stage according to the percentage dis-
tribution. Survival rates were based on the latest statistical
data available for the years 1999-2005.

Calculations

To gain a better understanding of the observed disparities,
measures of sex differences were based on both absolute vari-
ables (incidence rate difference, RD) and relative variables (in-
cidence rate ratio, RR). Rates ratios were calculated as follows:
(A) male-to-female RR for age-specific incidence rates, includ-
ing age-specific incidence rates that were stratified according
to stage distribution, because the male-to-female RR value is
>1; (B) female-to-male RR for survival, because most female-
to-male RR values are >1.

Results

Incidence Rates

The reported number of diagnosed cases in the 17 SEER areas
for whites (both sexes) in 2002-2006 was 105,256 for colon
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Figure 1. Age-adjusted SEER incidence rates (per 100,000), 2002-2006 (17 areas), white, by sex.
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Figure 2. (1) Age-specific SEER incidence rates (per 100,000), 2002-2006 (17 areas), white, by sex. (Il) Male-to-female incidence rate

ratio (RR) and incidence rate difference (RD).

cancer and 40,692 for rectal (standard errors 0.11 and 0.07,
respectively). The median age at diagnosis of CRC for all rac-
es (2002-2006) was 71 years; approximately 65% of patients
were aged 65 years or more. Figure 1 compares the age-ad-
justed SEER incidence rates of colon or rectal cancers by sex
and by age at diagnosis. Although the majority of cases were
diagnosed at age 65 years or more, the magnitude of the
male predominance was age-dependent; that is, it was more
pronounced at age 65 years or more than at age less than 65
years; the male-to-female ratio for incidence was 1.70 in the
older population and 1.51 in the younger population. Further
subdividing the population into 5-year age groups (Figure 2)
revealed that the age-specific colon and rectal cancer incidence
rates rose overall with increasing age for both sexes, but with-
in each age group, the rates were always lower in women than

in men. The male predominance was stronger for rectal than
for colon cancer (Figure 2, IA, IB). Using the relative and abso-
lute measures (Figure 2, IIA, 11B), we found that for each sub-
type of cancer, the RR and RD did not remain constant over
time; rather, they gradually increased with age and peaked at
70-74 years. Interestingly, in the 75+ years age group, the RR
decreased whereas the RD was almost stable. For colon can-
cer, the RR increased from ages 45-49 years (1.11) to 70-74
years (1.37), meaning that rates were 11% higher for men than
for women at ages 45-49 years, and this difference increased
to 37% at ages 70-74 years. For rectal cancer, the age-related
difference in male-to-female incidence rates was even great-
er: the RR increased from 1.36 at 45-49 years (36% higher
in men) to 1.88 at 70-74 years (88% higher in men). The ab-
solute measure (RD) showed that at age 70-74 years, there
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Figure 3. (1) Stage distribution (SEER summary stage), 2000-2006 (17 areas), white, at age at diagnosis by sex. (Il) Male-to-female
stage-stratified incidence rate ratio (RR) and stage-stratified incidence rate difference (RD).

were 54 more cases of invasive colon cancer and 38 more cas-
es of rectal cancer per 100,000 men than per 100,000 women.

Stage distribution

Figure 3 shows the distribution of cases of colon and rectal
cancer separately by stage at diagnosis (SEER Summary Stage
2000) for men and women. The majority of cancers were lo-
calized or regional at diagnosis. After stratifying incidence
rates according to stage distribution for all ages and with-
in each age group (20-49, 50-64, 65-74, 75+ years), rates
remained similar in men and women. This observation was
true also for colon and rectal tumors separately (Figure 3, IA,
IB). On further analysis using the male-to-female RR and RD
(Figure 3, lIA, 11B), we noted that the pattern of sex- and age-
related differences shown for incidence was not maintained
when stratifying by cancer stage. Within the age groups 50—
64, 65-74, and 75+ years, a similar incidence rate was shown
for male and female cases of colon or rectal cancers in the lo-
calized or regional stage, yielding a male-to-female RR of ~1.0.
However, for distant-stage colon cancer, the male-to-female RR
was 0.85 for the 20-49-year age group, meaning that in this
age group colon cancer was diagnosed at the distant stage in
18% more women than men. The male-to-female RR in dis-
tant-stage colon cancer rose gradually with an increase in age,
achieving equality (RR=1) in the 75+ age group (Figure 3, l1A).

For distant-stage rectal cancer, a reverse pattern was noted:
there was a 12% male predominance at ages 20-49 years
which gradually declined, and by age 75+ years, there was a
14% female predominance (Figure 3, IB).

Survival rates

The 5-year relative survival rates by age at diagnosis (45-54,
55-64, 65-74, and 75+ years) and by sex showed different
patterns for colon cancer and rectal cancer. For colon cancer,
women had a slight survival advantage over men until age 64
years; thereafter, men had a slight advantage (Figure 4, IA, I1A).
For rectal cancer, women maintained their advantage to age 74
years, and thereafter, survival was similar for men and wom-
en (Figure 4, IB, 1IB).

Discussion

Earlier studies reported sex related differences in the incidence,
presentation and clinical outcome of CRC patients. The aim
of the present study was to evaluate these differences and,
more importantly, to determine if they are constant over time
or age-dependent. We found that differences in incidence, in-
cidence rates by stage, and survival between male and fe-
male CRC patients are subject to substantial age-dependent
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Figure 4. (1) 5-year relative survival rates, 1999-2005 (17 areas), white, at age at diagnosis by sex. (I) Male to female survival rate

ratio (RR) and survival rate difference (RD).

changes. As previously reported, men had a higher incidence
of CRC for all ages, but our analysis suggested that this ex-
cess of risk in men has a clear peak: it increases up to the mid-
eighth decade of life and decreases steadily thereafter, with
a greater effect of age in rectal than in colon cancer. Data on
disease stage at diagnosis showed only minor sex differenc-
es by age, and those were limited to the distant stage, with
opposing trends for colon and rectal cancer. We found that as
men age, they are more likely than women to be diagnosed
with metastatic colon cancer, but less likely than women to
be diagnosed with metastatic rectal cancer. Survival analy-
sis demonstrated only a slight overall 5-year survival advan-
tage for women over men, until age 64 years for colon cancer
and age 74 years for rectal cancer. Overall, women harbored
a protective effect against both the development of CRC and
CRC-related mortality until the seventh to eighth decade of
life, with no clear effect of sex-age interactions on the extent
of disease at presentation.

Previous data from the US showed that men have a higher in-
cidence of CRC, in all age groups and races and for all colonic
subsites, and that this sex disparity increases with age and is
greatest in the >65-year-old population [2,11,12]. The present
study sought to determine if there is a specific pattern to the
sex differences over time by breaking the >65-year age group
into several smaller-range groups. Applying the relative (RR)
and absolute (RD) male-to-female rate differences, we found

what we believe is a previously unrecognized pattern of sex-
related difference by age for CRC occurrence. Similar to others
[11,12], we noted that while the age-specific incidence rates
for both male and female colon or rectal cancer increase with
age, the rates in males grow in larger numbers. However, the
sex disparity increases with an increase in age only to age 74
years and decreases thereafter, indicating that the disparity in
magnitude is age-dependent. This pattern was true for both
colon and rectal cancer separately, yet with a clearer male pre-
dominance for rectal cancer. According to these results, men
are at greater risk than women of developing CRC, and this ex-
cess of risk increases up to the mid-eighth decade of life and
then decreases steadily.

Women have been described as having a significantly better
survival than men for many cancer types, including CRC[13,14].
However, similar to the age-dependent sex-related differences
in the incidence of the disease, we also found that the better
CRC outcome of women is also age-dependent: for colon can-
cer, women had a slight 5-year survival advantage which re-
versed at age 65 years, and for rectal cancer, the higher sur-
vival rates of women decreased over time to equality at age
74 years. To the best of our knowledge, this is the first re-
port on the effect of the sex-age interaction on the outcome
of CRC in the US. Data from Europe suggest a similar pattern:
Micheli et al. [13] reported that women’s survival advantage
for combined CRC increases with age to 64 years and declines
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thereafter. The survival advantage of female patients with CRC
cannot be explained by a sex-related imbalance of disease
stage at presentation, as the stage distribution was grossly
similar between the sexes. These findings are consistent with
most previous reports [15].

The reason for the apparent age-dependent protective effect
against both the development and progression of CRC re-
mains unknown. The effect for CRC occurrence is present un-
til the eighth decade of life, and for CRC mortality, to the sev-
enth (colon) or eighth (rectum) decades. The fact that it is a
combined effect suggests a causative underlying endogenous
factor that either poses a risk to men or is protective in wom-
en. This assumption is supported by the parallel findings of a
wide geographic range in CRC incidence and mortality rates,
even among ethnic populations living in the same regions, and
a common worldwide trend of higher incidence and mortali-
ty rates in men [10,15,16] and age-dependent survival advan-
tage for women [10,13,15].

A reasonable candidate host factor is female sex hormone sta-
tus, particularly estrogen serum levels. First, circulating lev-
els of the main estrogenic compound, 17p-estradiol (E2), are
largely higher in women than in men, and they are age-de-
pendent. During the child-bearing years, from adolescence to
the fifth decade, women are exposed to relatively high levels
of endogenous E2; however, after menopause, levels drop to
close to those of men. By contrast, in men, E2 levels remain
low and constant, and decline only marginally with advanced
age. Second, the concept that estrogen exerts an effect on
the gastrointestinal tract (GIT) is not new. Estrogen has al-
ready been implicated in upper GIT cancers, such as esoph-
ageal and gastric cancers, which, like CRC, are characterized
by a higher incidence and mortality rates among men, with
a peak in male predominance at a certain age [17,18].Also in
his research Wang and friends demonstrated that people with
high incidence of esophageal cancer have low levels of estro-
gen compared to heathly subjects [19] This finding was sup-
ported by experimental studies showing that estrogen regu-
lates growth, cell differentiation, and cell function in the GIT
[20]. The possible protective role of estrogen in CRC has been
suggested in recent years by several lines of epidemiologic,
clinical and experimental evidence [20,21]. For example, use
of hormone replacement therapy was found to reduce the risk
of CRC [22,23]. Liang et al. [24] reported that the risk of sec-
ond primary CRC was lower in premenopausal women, but af-
ter age 55 years, incidence rates increased much more rapid-
ly in women than in men. The authors linked these findings

References:

1. Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics, 2002. CA Cancer
J Clin, 2005; 55: 74-108

Purim O et al:
Sex-age interactions in colorectal cancer
© Med Sci Monit, 2013; 19: 203-209

to the corresponding decline in estrogen levels with increas-
ing age in women.

We hypothesize that in women, circulating levels of E2 may
exert a cumulative protective effect against the CRC carcino-
genic process for up to 20-25 years after menopause. Such a
long period may represent the time needed for a normal mu-
cosal cell to undergo tumorigenic transformation and reach di-
agnostic size. As to the age-dependent survival advantage of
female patients, it is possible that CRC developing in high-E2
environments may have a less aggressive biology, among oth-
er differences, than CRC developing in low-E2 environments.

Diet is one of the main underlying environmental etiologi-
cal factors in CRC. Jacobs et al. [25] reviewed sex differences
in diet-related factors in CRC. Although some of the factors
seemed to have slightly stronger effects in men than wom-
en, the most pronounced evidence of a sex-specific effect was
observed for obesity. Obesity was reported to be a major risk
factor for CRC in men and to a lesser extent in women [26].
However, this observation may have been influenced by the
differential effects of menopausal status in women, as obesity
increased the risk of CRC in the presence of estrogen [27,28].
Estrogen’s impact on the incidence and behavior of CRC may
also interact with basic molecular process in CRC. For exam-
ple, accumulating data suggest that estrogen may exert its
protective effects via interference with MSI status and gene
hypermethylation [29]. Thus, estrogen-related factors may in-
terplay with other endogenous, environmental and behavioral
risk factors for CRC through multiple pathways to yield differ-
ential effects between the sexes and among women accord-
ing to menopausal status.

Conclusions

In summary, this study demonstrated significant age-related
sex differences in the incidence of CRC, and to a lesser extent,
in its progression. Expanding studies like ours to other rac-
es in the US and to other nations seems warranted in order
to confirm our data and to provide insight on the underlying
mechanisms of this phenomenon. The findings may have im-
portant implications for developing effective approaches to
the screening, early detection, and perhaps treatment of CRC.
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