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Purpose: To investigate the association of age and sex on survival in non-metastatic colorectal
cancer (CRC) patients and to identify groups at high risk for poor outcomes.

Materials and methods: We performed a retrospective analysis of 5,047 non-metastatic CRC
patients from 2008 to 2013. Data regarding age at diagnosis; gender; tumor site; tumor stage;
differentiation; lymphatic, neural or vascular invasion; and survival outcomes were collected.
Patients were stratified into 10-year age groups (<35, 3645, 46-55, 56-65, 6675, >75) and
then further analyzed in three age groups (<35, 36-75, >75). Disease-free survival (DFS) and
overall survival (OS) were evaluated using univariate and multivariate Cox regression models.
Results: Of the 5,047 eligible patients, 41.3% were female. The tumor stages were balanced
between the genders. In the female patients, the tumor stages were similarly distributed among
the different age groups, while younger male patients were diagnosed with more advanced
disease (P<0.001 for trend). When stratified into three age groups, young females experienced
significantly poorer survival than young males (DFS: hazard ratio [HR]=1.85 [1.04-3.30], OS:
HR=2.65 [1.11-6.34]). After adjusting for tumor stage, site, differentiated grade and lymphatic
or vascular invasion status, females <35 and >75 had shorter DFS than patients between 36 and
75 years old (HR=1.57 [1.03-2.38] and HR=1.51 [1.11-2.05, respectively]), while there was
no difference in DFS between females <35 and those >75. For male patients, older age was
associated with poorer OS after the same adjustment.

Conclusion: Young female CRC patients (<35 years old) had the poorest DFS and quite poor
OS compared to the other age groups. This emphasizes the need for health care providers to
have a heightened awareness and to conduct further research when caring for young female
CRC patients.
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Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer globally, with
1.36 million new cases in 2012 that resulted in more than 690,000 deaths.! In China,
CRC is the fourth most common cancer, with a crude incidence rate of 26.9/100,000,
and it represents 9.4% of new cancer cases as well as 7.38% of cancer deaths despite
advances in screening, early diagnosis and treatment.?

Age and gender are important clinical factors related to patient outcomes for
CRC. In most countries, incidence and mortality rates are considerably higher in men
than in women.! The impact of age and gender on the prognostic outcome of CRC
patients remains controversial and varies in different regions. Many studies have shown
that CRC in the younger population is correlated with later tumor stage and poorer
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prognosis,>* whereas other studies have reported contradic-
tory results.>

Age has a particularly significant impact on female
CRC patients due to hormonal changes, hormone replace-
ment therapy and their association with CRC. In studies
focused on the impact of age, 45 or 50 years old is often
chosen as the delineating benchmark between pre- and post-
menopause. It has been reported that young, premenopausal
women have better outcomes than young men, while older
women experience similar or poorer outcomes than older
men, although the reasons underlying these observations
are unknown.”® Fu et al’ reported that young CRC patients
(<35 years old) have poorer outcomes due to the diagnosis
of more advanced stage disease, based on a sample of 2,460
Chinese patients.

Therefore, the purpose of this retrospective study was
to compare long-term outcomes between male and female
non-metastatic CRC patients of all age groups.

Materials and methods

Data collection
This was a hospital-based retrospective epidemiological study
of CRC cases admitted to Fudan University Shanghai Cancer
Center (FUSCC) between January 2008 and July 2013.
Patients with pathologically confirmed colorectal cancer
who underwent surgical treatment were included. Exclusion
factors included the presence of in situ carcinoma, distant
metastasis or recurrent cancer. In total, 5,047 patients were
included in the analysis. Clinicopathological information
including age at diagnosis, gender, tumor site, pathological
TNM stage, tumor differentiation, lymphatic or vascular
invasion, and neural invasion was gathered from the patient
charts, and disease-free survival (DFS) and overall survival
(OS) were calculated through follow-up. The pathological
stage of each case was re-classified according to the AJCC
(American Joint Committee on Cancer) 7" edition TNM
staging system.

After surgery, patient follow-up was scheduled every
3 months during the first 2 years and then every 6 months
over the following 3 years. After 5 years, the frequency of
follow-up was extended to once each year. The follow-up data
were collected by reviewing medical records or by telephone
or mail correspondence. The deadline for follow-up was
October 2017. This study was approved by the Institutional
Review Board of Fudan University Shanghai Cancer Center
(IRB1403132-2) and all patients had signed written informed
consent prior to the study.

Statistical analysis

All characteristics were described by frequencies and per-
centages for categorical variables, by means and standard
deviations for normally distributed continuous data, and by
medians and interquartile ranges for non-normally distributed
continuous data. The characteristics were analyzed by the
Student #-test, the Mann—Whitney U test, and the chi-square
() test.

DFS was defined as the time between primary treatment
of surgery and first occurrence of recurrence, metastasis of
CRC, or death due to any cause. Patients without any of these
events during the follow-up were censored at their last follow-
up. OS was calculated from primary treatment of surgery to
death due to any cause. Patients who were still alive at the end
of follow-up were censored at their last follow-up. Survival
curves were estimated using the Kaplan—Meier method and
compared with the log-rank test. Cox proportional hazards
regression was used for univariate and multivariate model-
ing to examine the prognostic significance of the variables
identified in the models. P-values of less than 0.05 indicated
statistically significant differences. All analyses were per-
formed with SAS 9.2 software.

Results

Patient characteristics

The distributions of the demographic, clinical and pathologi-
cal features of the 5,047 eligible non-metastatic CRC cases
are listed in Table 1. In total, 58.7% of patients were male,
with a median age of 60, while 41.3% were female, with a
median age of 58. The median follow-up time was 38 months
in both groups. More rectal tumors, lymphatic or vascular
invasion and neural invasion were observed in male patients,
while the tumor stages and differentiated grades were similar
between genders. The 3-year DFS and OS were 75.7% and
85.2%, while the 5-year DFS and OS were 70.4% and 77.1%,
respectively, for all patients.

In Table 2, the stage distributions are shown in different
age groups. Overall, in the male population, younger patients
were diagnosed at more advanced stages (both P<0.001), but
the same was not true in female patients.

Impact of age and gender on survival
outcomes

As shown in Figure 1, no statistically significant differences
were observed in DFS; however, the oldest group (>75) had the
poorest OS out of all the groups. There was no significant dif-
ference in DFS between different age groups in men. However,
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the OS of the older population was shorter than that of the other
age groups, which could be explained by the presence of other
comorbidities and worsening health in older people. Female
patients in the middle age groups did not show any significant
differences in DFS and OS. However, the youngest female
group (<35) had shorter DFS and OS than those of the middle
age groups (35-75). Further analyses of the survival curves of
the three age groups for both genders are given in Figure 2.

Table | Clinicopathological characteristics of 5,047 non-
metastatic colorectal cancer patients
Characteristics Male, n (%) Female, n (%) P-value
Total 2,965 (58.7) 2,082 (41.3) N/A
Median follow-up time, 28 (16—46) 28 (15-45) 0.840
m (IQR)
Median age (IQR) 60 (52-67) 58 (50-66) 0.002
Age group, years 0.007
<35 108 (3.6) 9l (4.4)
3645 300 (l0.1) 249 (11.9)
46-55 637 (21.5) 489 (23.5)
5665 1,044 (35.2) 685 (32.9)
66-75 627 (21.2) 381 (18.3)
>75 249 (8.4) 187 (9.0)
Tumor site 0.006
Colon 1,221 (41.2) 940 (45.1)
Rectum 1,722 (58.1) 1,130 (54.3)
N/A 22 (0.7) 12 (0.6)
TNM stage 0.220
| 525 (17.7) 443 (21.3)
Il 1,022 (34.5) 625 (30.0)
1] 1,418 (47.8) 1,014 (48.7)
Differentiated grade 0.248
Poor 721 (24.3) 493 (23.7)
Moderate 1,988 (67.1) 1,481 (71.1)
Well 62 (2.1) 45 (2.2)
N/A 194 (6.5) 63 (3.0
Lymphatic or vascular 0.076
invasion
Yes 707 (23.8) 452 (21.7)
No 2,258 (76.2) 1,630 (78.3)
Neural invasion <0.001
Yes 606 (20.4) 319 (15.3)
No 2,359 (79.6) 1,763 (84.7)

Abbreviations: m, months; IQR, interquartile range; N/A, not available.

When stratified by the three different age groups, young
female CRC patients (< 35 years old) had significantly shorter
survival times than young male patients (DFS: hazard ratio
[HR]=1.85 [1.04-3.30], OS: HR=2.65 [1.11-6.34]), while
there was no significant difference in survival between gen-
ders in the other two age groups (Figure 3).

Univariate and multivariate analyses for
DFS and OS

Because of different long-term prognosis patterns, univariate
and multivariate analyses for DFS and OS were conducted in
male and female CRC patients (Tables S1, S2, Figure 4). In
male patients, advanced tumor TNM stage was significantly
associated with both decreased DFS and OS, and age >75
years old was significantly associated with decreased OS only
in the univariate analysis. In female patients, advanced tumor
stage, age <35 or >75 years old, tumor site, poor differentia-
tion, lymphatic or vascular invasion and neural invasion were
significantly associated with decreased DFS and OS.

In the multivariate analyses of male patients, advanced
tumor stage was a prognostic factor for both poor DFS
(stage IT vs I, HR=1.60 [1.11-2.29]; stage Il vs I, HR=5.43
[3.50-8.43]) and OS (stage II vs I, HR=1.97 [1.19-3.26];
stage III vs I, HR=5.57 [3.79-8.89]). In addition, older age
was significant associated with poor OS (<35 vs 36-75,
HR=0.38[0.17-0.86]; >75 vs 36—75, HR=2.17 [1.61-2.93]).

Female patients <35 and >75 had poorer DFS than
patients between 36 and 75 years old (HR=1.57[1.03-2.38],
HR=1.51[1.11-2.05, respectively]) according to multivariate
analyses, while there was no significant difference in DFS
between females >75 and <35 years old. Advanced tumor
stage (stage II vs I, HR=2.35 [1.46-3.78]; stage III vs I,
HR=5.43 [3.50-8.43]) and lymphatic or vascular invasion
(HR=1.39 [1.11-1.74]) were significant prognostic factors
for shorter DFS. Female patients >75 years old, advanced
tumor stage and poorer differentiated grade were associated
with shorter OS.

Table 2 Distribution of stages in different age groups between male and female patients

Age Male, n (%) Female, n (%) All, n (%)

Group Stage | Stage Il Stage Il Stage | Stage Il Stage Il Stage | Stage Il Stage Il
(years)

<35 16(148) 21 (195) 71 (65.7) 15 (16.5) 20 (220) 56 (61.5) 31 (15.6) 41 (20.6) 127 (63.8)
36-45 29 (9.7) 87 (29.0) 184 (61.3) 46 (18.5) 73 (29.3) 130 (522) 75 (13.7) 160 (29.1) 314 (57.2)
46-55 117 (184)  216(339) 304 (477)  108(22.1) 137 (280) 244 (49.9)  225(200) 353 (31.3) 548 (48.7)
56-65 202 (19.4) 350 (33.5) 492 (47.1)  I58(23.1) 196 (286) 331 (483) 360 (208) 546 (31.6) 823 (47.6)
66-75 I15(183) 240 (383) 272 (434) 88 (23.1) 120 31.5) 173 (454) 203 (20.1) 360 (35.7) 445 (44.2)
75 46 (18.5) 108 (43.4) 95 (38.1) 28 (15.0) 79 (42.2) 80 (42.8) 74 (17.0) 187 (429) 175 (40.1)

Note: The P-values for the association of age group with TNM stage by the Cochran-Mantel-Haensel y? test were <0.001, 0.144 and <0.00| among male, female and all

patients, respectively.
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Figure | Kaplan—Meier curves of DFS and OS in all patients and separate gender groups stratified by six consecutive age groups.
Note: DFS for all patients (A1), male patients (A2) and female patients (A3); OS for all patients (A2), male patients (B2) and female patients (C2).
Abbreviations: DFS, disease-free survival; OS, overall survival.
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Figure 2 Kaplan-Meier curves of DFS and OS in male and female patients stratified by three different age groups.
Notes: DFS (Al) and OS (A2) for male patients; DFS (B1) and OS (B2) for female patients.

Abbreviations: DFS, disease-free survival; OS, overall survival.

Discussion

There is a plethora of opinions about the effects of age and
gender on the outcomes of colorectal cancer in previously
published studies,**® especially when defining the benchmark
age between young and old patients. However, previous stud-
ies mainly focused on one aspect, either age or gender. To the
best of our knowledge, this is the largest Chinese study from
a single tertiary specialist center comparing non-metastatic
CRC patients by age and gender.

Recent research has focused on colorectal cancer in young
adults. Changing life behaviors including unhealthy diets,
sedentary lifestyles and poor environmental conditions have
been proposed as factors contributing to higher incidences of
CRC in younger populations. Some studies have reported that
young CRC patients often have more aggressive tumor char-
acteristics and poorer survival,>*® but this remains contro-
versial.*!*!! One possible reason for more aggressive tumors
and poorer survival in younger CRC patients is that routine
CRC screening omits the young population, leading to CRC

that cannot be prevented by removing premalignant polyps.'?
Moreover, Chou et al have shown that the incidence of poorly
mucinous and signet-ring cell carcinoma is higher in young
CRC patients.* The molecular biology of CRCs in young
patients appears to be different, and younger patients tend
to have higher rates of microsatellite instability (MSI-H).!?

We found that age plays a different role in CRC depending
on gender. Young female CRC patients had poorer DFS than
older groups, and young female CRC patients had poorer OS
than young male CRC patients. In our population, young
female patients (<35 years old) had more advanced stage
tumors than other age groups, with more than half of the
patients in stage III. This might explain the relatively poor
outcomes in young female CRC patients. In our study, both
male and female CRC patients older than 75 years old had the
poorest OS. This may be partially due to other complications
in the geriatric population.

The role of sex hormones in colorectal cancer formation
and differentiation is unclear. Given the diverse range of
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Figure 3 Kaplan—Meier curves of DFS and OS in three different age groups stratified by gender.
Notes: DFS in patients <35 (Al), 36-75 (BI) and >75 (CI) years old; DFS in patients <35 (A2), 36-75 (B2) and >75 years old (C2).

Abbreviations: DFS, disease-free survival; OS, overall survival; ref, reference.
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2 4 8
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Figure 4 Forest plot for DFS based on multivariate COX model analyses of prognostic factors for both male and female colorectal cancer patients.

Abbreviation: DFS, disease-free survival.

opinions and results with respect to estrogen and estrogen-
progesterone therapy, our results show a need to reexamine
the role of sex hormones in CRC and to determine whether
a higher level of estrogen or progesterone is beneficial or
detrimental to the patient. Among postmenopausal women,
endogenous estrogens may confer protection against colorec-
tal tumorigenesis.'* However, the cancers were diagnosed at a
more advanced stage, and there was no suggestion of reduced
colorectal cancer mortality in the group receiving estrogen
plus progestin combined hormone therapy.'* However, a
more recent study showed that estrogen therapy significantly
reduced the risk of CRC.'® Another study also showed that
cancers in the combined hormone therapy group more com-
monly had positive lymph nodes and were at higher stages.
Although not statistically significant, there was a higher
number of colorectal cancer deaths in the combined hormone
therapy group.!” Young females usually have relatively high
levels of sex hormones, which may be another reason we
found young female CRC patients (<35 years old) had worse
DFS in our study, although this requires further validation.

CRC during pregnancy is uncommon but deserves atten-
tion. Bernstein et al found that the mean age at presentation
was 31 years old in 41 cases of women who presented with
CRC during pregnancy or in the immediate postpartum
period." The diagnosis and staging of CRC are challenging

issues during pregnancy owing to the overlap of symptoms.'®
The signs and the symptoms of CRC such as abdominal
pain, anorectal bleeding and constipation may be attributed
to pregnancy. In a prospective study, maternal serum levels
of CA 125, CEA and CA 19-9 could be increased during the
third trimester of pregnancy; however, these elevations were
within the normal range.?® There are many limitations and
contraindications when using diagnostic tools and treatment
during pregnancy, depending on the legal, ethical, personal,
religious or emotional concepts.?’> Taken together, these
factors lead to late diagnosis, advanced tumor stages and
poor patient outcomes.*** Usually, females <35 years old
have a higher possibility to get pregnant and give birth than
females >35 years old. However, data on pregnancy were
unavailable for our study.

We acknowledge the limitations inherent in our study,
which was performed in a single institution with a relatively
short follow-up time. Young CRC patients (<35 years old)
only compose a small portion of the whole population (3.9%
of male patients and 4.2% of female patients). Due to the ret-
rospective nature of this study, we only performed a stratified
analysis based on different age groups and genders. Data on
reproductive histories, hormonally related factors, surgical
procedures, adjuvant chemotherapy or radiotherapy and
patient comorbidities were missing in the analysis. Moreover,
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specific pathological data including histology and genetic
status such as mutations in RAS, BRAF and MMR were also
missing in this study.

The results of this study stress the need for early routine
screenings to improve the prevention of CRC in China. Com-
pared to the USA, which has 40% of CRC cases diagnosed in
early stages, outcomes in China could be drastically improved
by raising awareness of the need for regular check-ups. In
view of our findings and data from previous studies, further
validation in other databases is also necessary. Meanwhile,
prospective studies are required to determine whether gender-
related factors or hormones are of prognostic relevance in
non-metastatic CRC patients. Further studies should be con-
ducted to explore the effect of sex hormones and pregnancy
in female CRC patients to better treat this population.

Conclusion

Female colorectal cancer patients younger than 35 have poor
survival outcomes, especially when compared to young male
patients (<35 years old) and older female patients (36—75
years old). These findings emphasize the need for health care
providers to have a heightened awareness when caring for
young female CRC patients.
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Table S| Univariate analyses of prognostic factors for DFS and OS based on Cox proportional hazard model between male and female

CRC patients

Characteristics

DFS, HR (95% CI)

0S, HR (95% CI)

Male P-value Female P-value Male P-value Female P-value

Age

<35 0.84 (0.53-1.32) 0.447 1.75 (1.17-2.61)  0.006 0.52 (0.25-1.10)  0.086 I.51 (0.88-2.59) 0.139

36-75 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

>75 1.09 (0.83-1.44) 0.525 1.50 (1.11-2.03)  0.008 1.93 (1.44-2.59) <0.001 240 (1.74-3.32) <0.001
TNM stage

| 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

Il 1.66 (1.17-2.36)  0.005 2.48 (1.57-3.90) <0.001 2.15(1.32-3.50) 0.002 251 (1.294.91) 0.007

1] 452 (3.28-6.22) <0.001 6.07 (4.00-9.20) <0.001 5.36 (3.40-845) <0.001 9.13 (4.97-16.74) <0.00I
Tumor site

Colon 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

Rectum 1.05 (0.89-1.24) 0.533 0.77 (0.63-0.94)  0.009 1.00 (0.81-1.23) 0.996 0.71 (0.56-0.91) 0.007
Differentiated grade

Poor 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

Moderate—well 0.98 (0.81-1.18) 0.833 0.66 (0.54-0.82) <0.001 1.03(0.81-1.32) 0.80I 0.57 (0.44-0.74)  <0.001
Lymphatic or vascular invasion

No 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

Yes 1.05 (0.87-1.26) 0.615 2.00 (1.63-2.46) <0.001 0.93(0.73-1.18) 0.540  2.19(1.70-2.82) <0.001
Neural invasion

No 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

Yes 1.09 (0.90-1.32) 0.394 1.45 (1.14-1.85) 0.003 0.90 (0.70-1.17)  0.429 1.43 (1.06-1.94) 0.020

Abbreviations: CRC, colorectal cancer; DFS, disease-free survival; OS, overall survival, ref, reference; N/A, not available.

Table S2 Multivariate analyses of prognostic factors for DFS and OS based on Cox proportional hazard

female CRC patients

model between male and

Characteristics

DFS, HR (95% CI)

0S, HR (95% CI)

Male P-value Female P-value Male P-value Female P-value

Age

<35 0.68 (0.43-1.10) O0.115 1.57 (1.03-2.38) 0.035 0.38 (0.17-0.86) 0.020 1.17 (0.65-2.11)  0.592

36-75 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

>75 1.16 (0.87-1.55) 0.313 1.51 (I1.11-2.05) 0.009 2.17 (1.61-2.93) <0.001 2.54 (1.82-3.55) <0.001
TNM stage

| 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A 1.0 (ref) N/A

1l 1.60 (1.11-2.29) 0.012 2.35(1.46-3.78) <0.001 1.97 (1.19-3.26) 0.009 2.02 (1.03-3.97) 0.042

1l 4.60 (3.31-6.39) <0.001 5.43(3.50-843) <0.001 5.57(3.49-8.89) <0.001 7.70 (4.17-14.23) <0.001
Tumor site I.11 (0.94-1.31) 0.238 0.85 (0.69-1.04) 0.121 1.08 (0.87-1.34) 0.471 0.80 (0.62—-1.03)  0.079
Differentiated grade 0.99 (0.82-1.21) 0.942 0.80 (0.64-1.00) 0.051 0.99 (0.77-1.27) 0.952 0.70 (0.53-0.92) 0.011
Lymphatic or vascular invasion  0.97 (0.80-1.18) 0.733 1.39 (I.11-1.74)  0.004 0.92 (0.71-1.18) 0.501 1.27 (0.96-1.67)  0.090
Abbreviations: CRC, colorectal cancer; DFS, disease-free survival; OS, overall survival; ref, reference; N/A, not available.
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