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Abstract
Background: The purpose of this study was to compare the metastatic pattern and prognosis of female colon cancer (FCC) to
that of male colon cancer (MCC) to ascertain the independent factors impacting the prognosis of patients with FCC.

Patients and Methods: The data of 135503 patients with colon cancer diagnosed between 2010 and 2017 with at least �ve years
of follow-up were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database. The Pearson chi-square test
and Fisher exact probability method were used to compare clinicopathological features. Kaplan-Meier analysis was used to
compare survival differences. The Cox proportional risk model was utilized to evaluate the prognostic factors impacting overall
survival.

Results: A total of 22977 patients with metastatic colon cancer were identi�ed;12172(53.0%) in males and 10805(47.0%) in
females. Compared to non-metastatic FCC patients, a greater proportion of metastatic FCC patients, were less than 60 years of
age, black race, and grade III-IV. The primary sites were mainly located on the left side. Compared to metastatic MCC patients, a
higher proportion of metastatic FCC patients ranged over 60 years of age, black race, and chemotherapy, while the primary site
was located on the right side. Among CC patients who had distant metastasis of a single organ, Liver and lung were the two most
common sites, and patients with lung metastases had a better prognosis than those with other types of metastasizes. FCC
patients with liver metastasis had a worse prognosis than their MCC counterparts and were more likely to develop lung
metastases. Cox multivariate regression analysis showed that the risk ratio was higher in metastatic FCC patients compared to
those without metastases.

Conclusions: We report the survival comparison of metastatic FCC with non-metastatic FCC through the SEER database. Our
results suggest that it has unique clinicopathologic features and differs from metastatic MCC. Furthermore, patients with liver
metastatic FCC have a worse prognosis than those with MCC. Emphasis on screening for colon cancer in women and additional
clinical care should be paid for, especially for patients with FCC with metastatic liver cancer.

1 Introduction
Colon cancer (CC) is the third most prevalent cancer in the United States, occurring in both men and women, and is also the third
leading cause of mortality from cancer (1). The cumulative risk of developing colon cancer before 75 years is 1.51% and 1.12%
for men and women, respectively, giving a rate of 1 in 66 men and 1 in 89 women to develop CC (2). Despite recent advances in
chemotherapy and radiotherapy for CC, surgical resection remains the primary treatment, but there are gender differences in CC
treatment choices (3, 4).

In general, body mass index and gender may be the �rst patient characteristic to be considered when discussing tumor
differences between patient subgroups. Recent studies suggest that BMI does not signi�cantly affect long-term outcomes in
colorectal cancer patients (5). Gender differences in tumor behavior exist in patients with colon cancer (6), but the exact
mechanisms are unknown. The high mortality rate of colon cancer is mainly due to distant metastases, and the degree of CC
differentiation and histopathological type are all factors that affect the prognosis of CC patients (7, 8). While the clinical
characteristics, metastatic patterns, and factors related to the prognosis in FCC with distant metastases have not been
thoroughly described, which means these variables in the patient populations remain in uncharted territory for this type of
disease to be explored. Thus, we identi�ed the FCC data recorded in this study from 2010 to 2017 in the SEER database. We
conducted cross-sectional and longitudinal studies of patients with metastatic FCC to determine their clinicopathological
characteristics and differences from patients with metastatic MCC and identify independent factors that affect the prognosis of
patients with FCC.

2 Materials And Methods

2.1 The SEER database
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The SEER collects population-based data on cancer cases within the areas served by SEER cancer registries and contains data
on demographics, tumor characteristics, �rst course of treatment, follow-up, vital status, and other information. SEER cancer
registries follow the CoC requirements on follow-up and vital status (9). In this study, we used data from the SEER-18 registries
(Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles, San
Jose-Monterey, Rural Georgia, the Alaska Native, Greater California, Greater Georgia, Kentucky, Louisiana, and New Jersey ),
which represents 28% of the U.S. general population (10).

2.2 Study population
Patients included in the study were those ≥ 18 years old histologically diagnosed with colon cancer between 2010 and 2017. The
inclusion criteria were as follows: (a) ICD-O-3 site codes: cecum, ascending colon, hepatic �exure of colon, transverse colon,
splenic �exure of colon, descending colon, and sigmoid colon; overlapping lesion of colon, colon NOS; (b)colon cancer was the
only primary malignancy; (c)patients who were under active follow-up; Furthermore, patients who met the following criteria were
excluded: (a)patients with additional primary cancers; (b) patients with no information on the status of distant organ metastases;
(c)unknown autopsy or death certi�cate diagnoses, diagnoses not con�rmed by pathology ; (d) unknown survival months. After
completing the necessary screening, we were able to identify 135503 individuals who were quali�ed for survival analysis and
other investigations (Fig. 1). The patients were separated into two groups: FCC and MCC.

2.3 Study variables
The variables included in the present study were age at diagnosis, race(black,white,other), primary site, histological type,
histological grade, AJCC TN status, tumor size, serum CEA levels, metastasis sites (liver, lung, brain, and bone), information of
therapy (surgery, radiotherapy, and chemotherapy) and marital status. Patients in the SEER database who were classi�ed as
American Indians / Alaska Aboriginal or Asian / Paci�c Islanders were categorized into the“others” race category to conduct the
analysis. The AJCC 7th edition was used to determine clinicopathological staging (11). Metastasis of distant organs is de�ned in
SEER as the state of metastasis of distant organs at the time of the �rst diagnosis of cancer. In our research, the primary
outcome was overall survival(OS), which was de�ned as the time interval between the day of diagnosis and death for all causes.
All information from the SEER program is available and free for the public, so the agreement of the medical ethics committee
board was not necessary.

2.4 Statistical analysis
To summarize demographic and clinical factors, we performed descriptive statistics. The Pearson chi-square test and Fisher
exact probability method were utilized to evaluate clinicopathological variables between cohorts. The OS of patients with MCC
and FCC with distinct metastatic organs was analyzed by Kaplan-Meier and log-rank test. In addition, we looked for other factors
that could impact prognosis using univariate and multivariate Cox proportional risk models. All the tests were two-sided, and
statistical signi�cance was de�ned as p < 0.05. The SEER*Stat program version 8.3.9 was used to collect all of the data. All
statistical analyses were conducted using R software version 4.0.4.

3 Results

3.1 Patient clinicopathological data
A total number of 67855 FCC patients were enrolled in the study. 10805 cases (15.9%) of these FCC patients had distant
metastases. A higher proportion of FCC patients with distant metastases were younger than 60 years, black, grade III-IV receiving
chemotherapy and radiotherapy, and married than FCC patients without metastases. The proportion of patients with the primary
site in the right colon, and surgery was lower. In addition, we compared the clinicopathological features of patients with
metastatic colon cancer between different genders. Metastatic FCC patients had more diagnoses than metastatic MCC patients
age > 60 years, black race, right colon, and unmarried; the former were less likely to receive chemotherapy than the latter.
Nevertheless, Both groups had identical pathology, pathological grading, TN stage, CEA level, surgery, and radiation. Table 1
shows the detailed patient clinical characteristics.



Page 4/17

Table 1
Clinical characteristics of male and female patients with colon cancer.

  MCC without
metastasis

MCC with
metastasis

FCC without
metastasis

FCC with
metastasis

P
value†

P
value‡

P
value
for
femaleN

55476
  N

12172
  N

57050
  N

10805
 

Age at
diagnosis(year)

                < 
0.0001

.001 < 
0.0001

≤ 60 20225 36.5% 5081 41.7% 17163 30.1% 4278 39.6%      

>60 35251 63.5% 7091 58.3% 39887 69.9% 6527 60.4%      

Race                 < 
0.0001

< 
0.0001

< 
0.0001

Black 6658 12.0% 2039 16.8% 7697 13.5% 2028 18.8%      

White 42716 77.0% 9022 74.1% 43340 76.0% 7739 71.6%      

Others 5362 9.7% 1077 8.8% 5429 9.5% 1008 9.3%      

Unknown 740 1.3% 34 0.3% 584 1.0% 30 0.3%      

Primary site                 < 
0.0001

< 
0.0001

< 
0.0001

Right colon 29512 53.2% 5687 46.7% 34899 61.2% 5698 52.7%      

Left colon 24427 44.0% 5321 43.7% 20637 36.2% 3961 36.7%      

Overlapping
lesion

721 1.3% 190 1.6% 761 1.3% 194 1.8%      

Unknown 816 1.5% 974 8.0% 753 1.3% 952 8.8%      

Histopathology
type

                < 
0.0001

0.458 < 
0.0001

Adenocarcinoma 53540 96.5% 11469 94.2% 54846 96.1% 10156 94.0%      

Others 1936 3.5% 703 5.8% 2204 3.9% 649 6.0%      

Pathology grade                 < 
0.0001

0.004 < 
0.0001

I well-
differentiated

5306 9.6% 475 3.9% 5148 9.0% 411 3.8%      

II moderately 35634 64.2% 6121 50.3% 35740 62.6% 5201 48.1%      

III poorly
differentiated

6962 12.5% 2112 17.4% 8821 15.5% 1935 17.9%      

IV
undifferentiated

1535 2.8% 393 3.2% 2066 3.6% 418 3.9%      

Unknown 6039 10.9% 3071 25.2% 5275 9.2% 2840 26.3%      

T                 < 
0.0001

0.119 < 
0.0001

FCC = femalecolon cancer, MCC = male colon cancer

† Comparison between male colon cancer without metastasis and male colon cancer with metastasis.

‡ Comparison between male colon cancer with metastasis and female colon cancer with metastasis.
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  MCC without
metastasis

MCC with
metastasis

FCC without
metastasis

FCC with
metastasis

P
value†

P
value‡

P
value
for
femaleN

55476
  N

12172
  N

57050
  N

10805
 

T0-T1 13750 24.8% 1050 8.6% 12307 21.6% 917 8.5%      

T2 6877 12.4% 207 1.7% 7471 13.1% 166 1.5%      

T3 24564 44.3% 3786 31.1% 25894 45.4% 3214 29.7%      

T4 7987 14.4% 3133 25.7% 8965 15.7% 2879 26.6%      

Unknown 2298 4.1% 3996 32.8% 2413 4.2% 3629 33.6%      

N                 < 
0.0001

0.308 < 
0.0001

N0 35759 64.5% 3774 31.0% 35853 62.8% 3430 31.7%      

N1 11935 21.5% 3760 30.9% 12730 22.3% 3218 29.8%      

N2 6397 11.5% 3051 25.1% 7012 12.3% 2747 25.4%      

Unknown 1385 2.5% 1587 13.0% 1455 2.6% 1410 13.0%      

Stage                 < 
0.0001

* < 
0.0001

0 4111 7.4% 0 0% 3465 6.1% 0 0%      

I 14094 25.4% 0 0% 13863 24.3% 0 0%      

II 16510 29.8% 0 0% 17426 30.5% 0 0%      

III 18332 33.0% 0 0% 19742 34.6% 0 0%      

IV 0 0% 12172 100% 0 0% 10805 0%      

Unknown 2429 4.4% 0 0% 2554 4.5% 0 0%      

Tumor size                 < 
0.0001

< 
0.0001

< 
0.0001

≤ 2cm 9007 16.2% 371 3.0% 8637 15.1% 350 3.2%      

2—5cm 22247 40.1% 3803 31.2% 24293 42.6% 3652 33.8%      

≥ 5cm 16244 29.3% 4024 33.1% 16927 29.7% 3238 30.0%      

Unknown 7978 14.4% 3974 32.6% 7193 12.6% 3565 33.0%      

CEA level                 < 
0.0001

0.309 < 
0.0001

Positive 10414 18.8% 7292 59.9% 12169 21.3% 6574 60.8%      

Negative 19276 34.7% 1275 10.5% 18536 32.5% 1067 9.9%      

Boardline 159 0.3% 28 0.1% 183 0.3% 19 0.2%      

Unknown 25627 46.2% 3588 29.5% 26162 45.9% 3145 29.1%      

FCC = femalecolon cancer, MCC = male colon cancer

† Comparison between male colon cancer without metastasis and male colon cancer with metastasis.

‡ Comparison between male colon cancer with metastasis and female colon cancer with metastasis.
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  MCC without
metastasis

MCC with
metastasis

FCC without
metastasis

FCC with
metastasis

P
value†

P
value‡

P
value
for
femaleN

55476
  N

12172
  N

57050
  N

10805
 

Surgery                 < 
0.0001

< 
0.0001

< 
0.0001

No 2985 5.4% 5586 45.9% 3078 5.4% 4985 46.1%      

primary site
resection

52249 94.2% 6518 53.5% 53575 93.9% 5725 53.0%      

primary site
resection and
metastasectomy

174 0.3% 44 0.4% 336 0.6% 85 0.8%      

Unknown 68 0.1% 24 0.2% 61 0.1% 10 0.1%      

Radiotherapy                 < 
0.0001

0.606 < 
0.0001

No 54678 98.6% 11646 95.7% 56455 99.0% 10323 95.5%      

Yes 798 1.4% 526 4.3% 595 1.0% 482 4.5%      

Chemotherapy                 < 
0.0001

0.001 < 
0.0001

No 39747 71.6% 4178 34.3% 41585 72.9% 3934 36.4%      

Yes 15729 28.4% 7994 65.7% 15465 27.1% 6871 63.6%      

Marital status                 < 
0.0001

< 
0.0001

< 
0.0001

Married 33522 60.4% 6922 56.9% 23952 42.0% 4596 42.5%      

Unmarried 18388 33.1% 4657 38.3% 29307 51.4% 5648 52.3%      

Unknown 3566 6.4% 593 0.9% 3791 6.6% 561 5.2%      

FCC = femalecolon cancer, MCC = male colon cancer

† Comparison between male colon cancer without metastasis and male colon cancer with metastasis.

‡ Comparison between male colon cancer with metastasis and female colon cancer with metastasis.

3.2 Metastasis pattern
The majority (76.7%) of the cohort of FCC patients had distant metastasis of a single organ. The most common location of
metastases was the liver, which represented 68.6% of the patients. The number of lung metastasis accounted for 716 (6.6%).
Very few patients had bone or brain metastasis. Concerning the differences in metastasis patterns between FCC and MCC, MCC
patients had a lower proportion of brain metastases only than their FCC counterparts (0.3 vs 0.5), as well as lung metastases
only (5.2 vs 6.6%), whereas the percentage of bone and liver metastases was higher in MCC patients. (Table 2).
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Table 2
Comparison of organ metastasis patterns between male and female

patients with colon cancer.
Variable Male Female P value

N = 12172 N = 10805

n % n %

Bone metastasis only 123 1.0 101 0.9 0.560∗

Brain metastasis only 38 0.3 54 0.5 0.025∗

Liver metastasis only 8422 69.2 7413 68.6 0.339∗

Lung metastasis only 639 5.2 716 6.6 < 0.0001∗

Bone and brain 4 0.0 5 0.0 0.608∗

Bone and liver 327 2.7 243 2.2 0.033∗

Bone and lung 67 0.6 47 0.4 0.214

Brain and liver 32 0.3 31 0.3 0.728∗

Brain and lung 24 0.2 20 0.2 0.834∗

Liver and lung 2144 17.6 1907 17.6 0.945∗

Bone, brain, and liver 14 0.1 10 0.1 0.599∗

Bone, brain, and lung 9 0.1 5 0.0 0.396∗

Bone, liver, and lung 255 2.1 200 1.9 0.185∗

Brain, liver, and lung 44 0.4 37 0.3 0.808∗

Bone, brain, liver, and lung 30 0.2 16 0.1 0.096∗

One site metastasis 9222 75.8 8284 76.7 0.108∗

Two sites metastasis 2598 21.3 2253 20.9 0.361∗

Three sites metastasis 322 2.6 252 2.3 0.129∗

Four sites metastasis 30 0.2 16 0.1 0.096∗

∗Pearson chi-squared test.

3.3 Survival analysis
We analyzed whether the effects of gender on survival was related to other independent prognostic factors. Our study showed
that the less favorable survival rate of FCC patients was associated with the age at diagnosis, race, CEA level, and surgery. In
each of the following subgroups, including > 60 years of age, blacks, positive CEA, and non-operation, The prognosis of female
patients was worse than that of male patients (Fig. 2). Next, among patients with metastatic colon cancer by gender, liver
metastases only, lung metastases only, and combined liver metastases with lung metastases accounted for more than 90% of
the total metastatic population. We included these three groups in our survival and prognosis analyses to investigate the
in�uence of distant metastases on prognosis. Kaplan-Meier analysis showed that for patients with liver metastases only, the
survival rate of MCC patients was better than that of FCC patients and was statistically signi�cant (p = 0.012), while for the other



Page 8/17

two groups, our analysis showed no statistical difference in OS by gender (Fig. 3). However, it appears that patients between
those three groups and non-metastatic FCC were signi�cantly different (Fig. 4). Survival rates decreased as the number of
metastatic sites increased in patients with metastatic FCC (Fig. 5). The Cox univariate analysis revealed that age, race, tumor
primary site, histopathology type, pathology grade, TN stage, tumor size, CEA level, surgery, chemotherapy, marital status, and the
metastatic sites were independent factors affecting OS (p < 0.001), and these variables were included in the multivariate model
(Table 3).In detail, black, age > 60 years, primary tumor site in the right colon or the overlapping lesion, non-adenocarcinoma,
pathological grade II, grade III and grade IV, tumor size > 2cm, positive CEA, distant metastasis, treatment without surgery, and
chemotherapy, single, and distant metastasis correlated with poor prognosis. Radiation therapy did not affect the outcome of this
study.



Page 9/17

Table 3
Univariate and multivariate survival analysis of female colon cancer patients with liver alone, lung

alone and, simultaneous liver and lung metastasis.
Characteristics Univariate

analysis

Multivariate analysis

p value Hazard

ratio

95%CI P value

Age at diagnosis(year) < .001     < .001

≤ 60   Reference    

>60   1.74 1.68–1.8 < .001

Race: < .001     < .001

Black   Reference    

White   0.99 0.95–1.03 0.519

Others   0.84 0.79–0.89 < .001

Unknown   0.14 0.1–0.21 < .001

Primary site < .001     < .001

Right colon   Reference    

Left colon   0.86 0.84–0.89 < .001

Overlapping lesion   1.13 1.02–1.24 0.015

Unknown   1.36 1.27–1.46 < .001

Histopathology type < .001     < .001

Adenocarcinoma   Reference    

Others   1.14 1.08–1.21 < .001

Pathology grade < .001     < .001

I well-differentiated   Reference    

II moderately   1.21 1.14–1.29 < .001

III poorly differentiated   1.64 1.54–1.76 < .001

IV undifferentiated   1.92 1.76–2.08 < .001

Unknown   1.18 1.1 − 1.26 < .001

T stage < .001     < .001

T0-T1   Reference    

T2   0.92 0.87–1.01 0.109

T3   1.39 1.31–1.47 < .001

T4   2.60 2.45–2.75 < .001

Unknown   1.56 1.47–1.66 < .001

N stage < .001     < .001

N0   Reference    
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Characteristics Univariate

analysis

Multivariate analysis

p value Hazard

ratio

95%CI P value

N1   1.65 1.59–1.71 < .001

N2   2.89 2.78–3.02 < .001

Unknown   1.15 1.08–1.22 < .001

Tumor size        

≤ 2cm < .001 Reference    

2—5cm   1.38 1.29–1.47 < .001

≥ 5cm   1.50 1.4–1.6 < .001

Unknown   1.37 1.28–1.46 < .001

CEA level < .001      

Positive   Reference    

Negative   0.64 0.62–0.67 < .001

Boardline   0.86 0.68–1.09 0.2128

Unknown   0.87 0.84–0.9 < .001

Surgery < .001     < .001

No   Reference    

primary site resection   0.18 0.17–0.19 < .001

primary site resection and metastasectomy   0.21 0.17–0.24 < .001

Unknown   0.52 0.37–0.74 < .001

Radiotherapy < .001     0.2236

No   Reference    

Yes   1.05 0.95–1.17 0.3189

Chemotherapy < .001     < .001

No   Reference    

Yes   0.43 0.41–0.44 < .001

Marital status < .001     < .001

Married   Reference    

Unmarried   1.37 1.33–1.41 < .001

Unknown   1.10 1.04–1.17 < .001

Metastasis < .001     < .001

None   Reference    

Liver only   2.83 2.72–2.94 < .001

Lung only   2.17 1.98–2.38 < .001
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Characteristics Univariate

analysis

Multivariate analysis

p value Hazard

ratio

95%CI P value

Liver and lung   3.04 2.87–3.23 < .001

4 Discussion
In both men and women, colon cancer is one of the most prevalent causes of cancer development. Despite recent advances in CC
screening, diagnosis, and treatment, the long-term prognosis of CC patients remains poor (1). The prognosis of patients with
metastatic and non-metastatic FCC was compared with patients with MCC. To our knowledge, this study is the �rst gender-
focused metastasis model-based analysis of colon cancer data.

In this study, the metastasis rate was 18.0% versus 15.9% in male versus female colon cancer patients, respectively. The
incidence of colon cancer increased signi�cantly with age. According to past research, younger cc patients are more likely to
develop metastases than older patients and have limited surgical and chemotherapeutic treatment (12). Similarly, younger CC
patients in this study developed metastases signi�cantly more than older CC patients, and when women were diagnosed with
colon cancer, they were signi�cantly older than men and presented with more severe disease. The 2015 National Health Interview
Survey showed that colorectal cancer screening was slightly lower in women than in men (60.2% vs 62.4%)(13). This may be
explained by the lower rate of screening colonoscopy in women over 65 years of age than men of the same age (14). A higher
rate of incomplete colonoscopy in women has also been reported (15), contributing to more colon cancers in women of advanced
age. The population was more than 3/4 white in the data we included, but we found that black CC patients were more likely to
have distant metastases, consistent with previously reported results (16). Previous studies have demonstrated a lack of
awareness of screening guidelines in general and in African American men in particular (17, 18).

Furthermore, black patients with metastatic colorectal cancer are less likely to get chemotherapy or have liver metastasectomy,
and they are less likely to discuss or contemplate participating in studies (19, 20). During the multivariate analysis of this study,
no racial differences in OS were observed. Previous studies have shown that no racial difference in survival was observed among
patients aged 50 years or older; however, among younger patients, non-Hispanic Blacks experienced worse survival than non-
Hispanic Blacks(21). The effect of racial differences on female patients remains to be studied. The primary location of the tumor
is strongly associated with patient prognosis, as reported in different types of cancer (22–24).In the same vein, Ishihara et al.
(25) found that proximal indolent cell carcinoma is considered a distinct subgroup with a good tumor prognosis in colon cancer.
Our analysis from a gender perspective showed that the primary tumor location of FCC was more often located in the right colon
than MCC, which is consistent with previous reports (4). However, both were more likely to metastasize in the left colon than the
right colon. In patients with colon cancer, researchers developed a nomogram that predicted risk variables for liver and lung
metastasis, with tumor site being an independent risk factor for metastasis (26). As we mentioned earlier, women have a higher
rate of incomplete colonoscopy (12). In addition, some women tend to have a more extended colon cross-section and smaller
bowel diameter, making standard colonoscopy equipment usually unsuitable for this group of women (27). Therefore, we
recommend that women need to choose a thinner colonoscopy device for a complete colonoscopy when undergoing colon
cancer screening to reduce the number of missed right colon cancer due to the device and physiological con�guration.

The preference for chemotherapy and radiation therapy over surgery in advanced cancers may also explain why patients with
metastatic FCC rarely undergo surgery. However, we found that the risk ratio of primary site resection and primary site resection
combined with metastasectomy was much smaller than that of non-surgical patients. Therefore, it is necessary to actively accept
surgical treatment for colon cancer patients. Treatment of stage IV colon cancer remains challenging, and despite recent
advances in chemotherapy and other palliative treatment modalities, the best treatment options for colon cancer with
unresectable metastases remain to be elucidated. Interestingly, the number of patients treated with radiation is more than 5% for
male and female patients. Adjuvant external beam radiation is usually not recommended due to the di�culty of targeting and the
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proximity of critical surrounding structures (e.g., small intestine), as these factors can limit the dose that can kill the tumor.
Recent �ndings show that adjuvant radiotherapy can signi�cantly prolong OS in patients with advanced local disease (pT4) and
positive cut margins (28, 29); therefore, adjuvant therapy for CC patients should not be abandoned due to the limitations of RT.
Hypodifferentiated versus undifferentiated colon cancer is more likely to develop distant metastases, and there is no difference
between men and women.

Although modern research has been able to elucidate the pathogenesis of CC and provide effective screening strategies, the
prevalence of CC is still increasing. A better understanding of the occurrence, progression, and metastasis of CC can help develop
molecular markers for early detection and risk strati�cation methods to improve clinical care for CC patients. We compared
distant metastasis patterns in patients with MCC and FCC in depth using the SEER database to understand the survival
differences between patients with different metastasis patterns. Single-site metastases occurred in more than three-quarters of
the total number of patients. Overall, the liver and brain were the most common and least common sites of solitary metastases in
patients with CC, respectively, consistent with prior reports (29). Due to the blood-brain barrier, fewer patients had brain
metastases alone (0.3% vs. 0.5%), but when combined with metastases from other sites, brain metastases exceeded 1% in both
sexes.

Similarly, when lung metastases were combined with liver metastases, the number of patients was much higher than that of
patients with lung metastases alone. We believe that once a tumor develops distant metastasis in one organ, it may accelerate
metastasis in other sites, although brain metastasis alone is uncommon when it has metastasis in other sites. Interestingly, FCC
was more likely to have a single lung metastasis than MCC, yet we found no signi�cant difference in their OS.

The clinicopathological characteristics and metastatic patterns of metastatic MCC and FCC were different in the present study.
Multivariate Cox regression showed that in patients with FCC, advanced age, primary site in the right colon, higher pathological
grade, tumor size > 2cm, positive CEA level, and distant organ metastasis were independent risk factors affecting the prognosis of
patients with FCC (Table 3). The most common site of distant metastasis in patients with CC is the liver, but we found differences
in prognosis by gender, and the survival of patients with single liver metastasis in FCC was signi�cantly lower than that of MCC
in the same group (P = 0.012), especially in the �rst 36 months. Once the tumor metastasized, patient survival decreased, and the
OS decreased more with increasing metastatic sites, and the same results have been reported in other tumors (30, 31). Liver and
lung are the two most common sites of solitary metastases in FCC (32), but there are differences in OS in patients with these two
metastases. The OS of patients with solitary lung metastasis was signi�cantly higher than that of patients with solitary liver
metastasis. Reasons for the difference still need further exploration. However, there are some limitations which worth further
research in this study; �rstly, the data source used in this study was the SEER database. We were only able to study this with the
available information on four organ metastases, namely liver, lung, bone, and brain, due to the inability to obtain data on other
metastasis sites, we can not conduct a more comprehensive study. Secondly, there are differences in metastatic patterns
between males and females, but we could not determine which factors are associated with them. That said, further research to
clarify the rationale underlying these differences is necessary. Finally, our conclusions may apply only to patients from the United
States.

Conclusion
Our population-based analysis of 135503 CC patients found that older women were diagnosed with colon cancer and that
advanced age at diagnosis (>60 years) signi�cantly predicted worsening OS. The primary site of FCC was more likely to be in the
right colon. Female patients may be more likely to have pulmonary metastases; although the most common distant sites of
metastasis for both FCC and MCC are liver and lung, patients with liver metastases from FCC have a worse prognosis than their
MCC counterparts, and we also found that patients with liver metastases from FCC have a worse prognosis than those with
pulmonary metastases. The results of this study have some reference value for clinicians in dealing with CC patients, who should
pay attention to colon cancer screening in women and should actively receive treatment for FCC patients with liver metastases
and lung metastases to improve their prognosis.
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Figures

Figure 1

Flowchart of selection of patients with metastatic colon cancer used the SEER database. SEER=surveillance epidemiology and
end results.



Page 16/17

Figure 2

Changes in OS rate of metastatic MCC and metastatic FCC patients for each speci�c age, race, serum CEA level and surgery
group. (A1-A2): OS rate of metastatic MCC andd metastatic FCC patients across subgroups of age at diagnosis. (B1-B3): OS rate
of metastatic MCC and metastatic FCC patients across subgroups of race. (C1-C2) :OS rate of metastatic MCC and metastatic
FCC patients across subgroups of serum CEA levels. (D1-D2) :OS rate of metastatic MCC and metastatic FCC patients across
subgroups of surgery. 

Figure 3

OS rate of MCC and FCC patients at different metastasis sites. (A) OS of liver alone metastasis between MCC and FCC patients;
(B) OS of lung alone metastasis between MCC and FCC patients; (C) OS of both liver and lung metastasis between MCC and FCC
patients. FCC=female colon cancer, MCC=male colon cancer, OS=overall survival.
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Figure 4

The survival difference among the different metastasis sites in FCC patients. FCC=female colon cancer.

Figure 5

The survival difference among the different number of metastasis sites in FCC patients. FCC=female colon cancer.


