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Background: Colorectal cancer (CRC) with brain metastases (BM) is uncommon and
often diagnosed at a late stage. The aims of this study were to identify the clinical factors
that can influence the incidence of CRC patients with BM (CRCBM) and to investigate the
impact of clinical factors and therapies on the outcomes of CRCBM.

Methods: Between 2010 and 2018, patients with CRCBM were enrolled under the
Surveillance, Epidemiology, and End Results (SEER) program. Multivariable logistic and
Cox regression models were used to identify risk factors and prognostic factors of BM.
Kaplan–Meier curve and log-rank test were used to evaluate overall survival (OS) and
tumor-specific survival (CSS) of CRCBM patients.

Results: A total of 195 (0.34%) CRC patients initially diagnosed with BMwere included for
analysis. The positive level of CEA, pN2a-b, and additional organ metastases were
positively associated with developing BM from the CRC cohort (p < 0.05). The median
OS and CSS of the BM patients were both 4.0 months, while the corresponding survival
time in CRC patients without BM was 14.0 and 16.0 months, respectively (HR = 2.621,
95% CI = 2.061–3.333 for CSS; HR = 2.556, 95% CI = 2.026–3.225 for OS; log rank p <
0.001, each). Only systematic treatment was independently associated with better
survival (p < 0.05, each).

Conclusions: Although the overall prognosis of CRCBM patients was extremely poor,
the positive level of CEA, pN2a-b, and distant metastases could be bad risk factors for the
incidence of CRCBM. In addition, only systematic treatment was found to be a negative
prognostic factor for CRCBM patients. These related factors can provide more valuable
reference for clinical individualized treatments.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer with
an incidence rate of 38.7 per 100,000, and the mortality rate was
13.9 per 100,000 persons based on the most recent record (1).
Distant metastases occur frequently in CRC patients; however,
brain metastasis (BM) with an incidence of 1%–4% in metastatic
CRC (mCRC) is relatively rarer than other common carcinomas
such as lung, liver, breast or kidney cancers (2–4). Unfortunately,
some recent studies have found that the incidence of BM in CRC
(CRCBM) has been increasing in recent decades (5). Indeed,
some neural treatments can achieve prolonged intracranial
tumor control in selected patients (6). However, brain or
cerebral imaging is not routinely recommended in clinical
guidelines for mCRC at risk, which means that BM is widely
diagnosed only when symptomatic, hence often at a late stage.
Mackenzie reported that the rate of BM from CRC with brain-
related symptoms is 76%, and more than a half of them suffered
from severe neurologic complications (7). Therefore, CRCBM
cannot be regarded as a rare clinical problem with less attention;
continuous efforts are thus warranted for the prediction
of CRCBM.

According to previous studies, some researchers have worked
on identifying risk factors for the prediction of CRCBM, which
suggested that some risk factors including primary location of
rectal cancer, lung metastasis, performance status, number of
extracranial metastases, tumor stage, grade, and some gene
mutations were associated with the occurrence of BM (2, 8–
10). However, the clinical application of these conclusions is
limited by a small sample size and lack of wide validation.

Compared to other solid malignancies, patients with CRCBM
had remarkably poor prognosis, with a median survival of only
about 5.0 months upon diagnosis (11–13). The treatment of
mCRC has dramatically improved in recent years with additional
radical surgery and targeted therapies, while effective therapies
for CRCBM patients remain largely based on primary tumors,
which include surgery, radiosurgery, whole brain radiotherapy,
and systemic therapy (6, 14, 15) . Moreover, some
clinicopathological and molecular signatures were reported to
be positively associated with longer survival in patients with
CRCBM, but the retrospective nature of these studies limits the
conclusions (8, 16, 17).

In this study, we collected data from CRCBM patients through
a nationwide database and used the clinicopathological data
aiming to determine the predictive risk factors for occurrence
and the clinical factors and therapeutic effects on prognosis of
CRCBM patients.
Abbreviations: AC, adenocarcinoma; BM, brain metastasis; CEA,
carcinoembryonic antigen; CI, confidence interval; CRCBM, colorectal cancer
with BM; CRC, colorectal cancer; CSS, cancer-specific survival; CT, computed
tomography; HR, hazard ratio; mCRC, metastatic colorectal cancer; MC,
mucinous adenocarcinoma; MRI, magnetic resonance imaging; OS, overall
survival; pM, the absence or presence of pathological distant metastatic lesions;
pN, the absence or presence of pathological regional lymph node metastases; pT,
the extent of pathological primary tumor; PSM, propensity score matching; SEER,
Surveillance, Epidemiology, and End Results; SRCC, signet ring cell carcinoma;
TNM, tumor-node-metastasis.
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MATERIALS AND METHODS

Data Source and Eligibility Criteria
The patients’ records were collected from the Surveillance,
Epidemiology, and End Results (SEER) database, which was
founded by the National Cancer Institute (NCI), providing
clinicopathological data including incidence, therapy, and
survival data of many tumors. The dataset contains more than
11,865,152 entries, including 839,695 patients of brain metastatic
neoplasm with initial primary cancer up to 2018. The analysis
data were downloaded from the SEER database containing
information on cancer patients diagnosed from 1975 to 2018,
released on April 2021, based on the November 2020 submission
[Incidence - SEER Research Plus Data, 9 Registries, Nov 2020
Sub (1975–2018)].

Patients who were diagnosed with CRC from 2010 to 2018
were screened out from the database. Patients whom we selected
met the following criteria: (I) patients who were initially
diagnosed as CRC with no other sequent records of primary
malignant cancers; (II) patients with unknown records of BM;
(III) CRC patients with histological ICD-O-3 codes, including
8000–8152, 8154–8231, 8243–8245, 8250–8576, 8940–8950, and
8980–8981 (18) and (IV) The patients who were recorded death
within 30 days after a confirmed diagnosis. The flowchart of this
study is presented in Figure 1.

Study Variables
The selected patients were divided into one group with BM and
another group without BM. Clinical baseline variables including
FIGURE 1 | Flowchart for selection and analysis procedure in the study.
Initially, we derived CRC patients with exact records of BM from the SEER
database, and then removed the patients that did not meet the criteria.
Finally, univariable and multivariable logistic and Cox regression analysis were
performed to obtain the individual variables that affect the incidence and
prognosis of CRCBM, respectively.
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age, gender, race, location, grade, histology, pT, pN, bone
metastases, liver metastases, lung metastases, CEA, perineural
invasion, surgery, radiotherapy, and systematic therapy were
used in the current study. The primary location on patients
was further classified into three groups: right-sided colon
(C18.0–18.4), left-sided colon (C18.5–18.7), and rectum (C19.9
or C20.9). The histology variable was classified as
“Adenocarcinoma (AC, ICD-O-3: 8140 to 8147, 8210 to 8211,
8220 to 8221, 8260 to 8263)”, “Mucinous adenocarcinoma (MC,
ICD-O-3: 8480, 8481)”, “Signet ring cell carcinoma (SRCC, ICD-
O-3: 8490)”, and “Other”. Grade was defined by the following
codes: well differentiated (Grade I), moderately differentiated
(Grade II), poorly differentiated (Grade III), undifferentiated
(Grade IV), and unknown grade. The pathological stage was
determined referring to the 8th edition of the American Joint
Committee on Cancer tumor-node-metastasis (TNM) staging
system (19). In order to test the influence on patients with
additional distant metastasis organs, we stratified the patients
with BM by the number of additional distant metastasis organs
according to the SEER Met records. We removed the cases who
received systematic therapy both before and after surgery and
surgery both before and after systematic therapy due to the small
scale of numbers. Patients with unknown records of surgery were
removed, and unknown records of chemotherapy, radiotherapy,
and systematic treatments were defined as “None/Unknown”, as
per SEER definition. Both OS and CSS were used to analyze the
survival outcomes.

Statistical Analysis
Descriptive statistics were used to summarize demographics, and
a chi-square test was performed to compare categorical variables
between cases with and without BM as baseline clinical
characteristics. Multivariable logistic regression analysis was
used to assess the risk factors of BM from CRC.

The patients in this paper were adjusted using propensity score
matching (PSM) in order to minimize the differences among study
covariates, which could become confounding factors to evaluate
the effect of risk factors and treatments in a nonrandomized level.
We initially performed logistic regression to find out the
significant influential factors and then identified a new set of
unmatched patients according to these significant covariates (20,
21). By classifying the nearest neighbor propensity score into two
groups (CRC patients with BM and those without BM) within a
defined limit of caliper, we yielded two well-matched patient sets.
After PSM, we compared the survival difference between patients
with CRCBM and those with no BM.

According to the SEER cause-specific death classification,
patients in this study who died due to this cancer were
censored at the time of death for time-to-cancer analyses.
Meanwhile, patients who died from any cause were also
censored at the time of death for time-to-overall analyses. The
cancer-specific survival (CSS) and overall survival (OS) were
analyzed by Kaplan–Meier survival curves and compared by the
log-rank test. Prognosis and the therapeutic effect were analyzed
using Cox proportional hazards regression models.

The SEER Stat (National Cancer Institute, Bethesda, MD,
USA; version 8.3.9) was used to download data in this study.
Frontiers in Oncology | www.frontiersin.org 3
PSM was performed by R MatchIt. Statistical analyses were
performed using IBM SPSS Statistics version 22 (IBM
Corporation, Armonk, NY, USA) and R software (version
4.0.3). p < 0.05 was considered statistically significant. The
procedure in the study is shown in Figure 1.
RESULTS

Characteristics of Study Patients
In this study, we have obtained 58,029 cases with initial primary
CRC who were diagnosed from 2010 to 2018, of which 195 cases
(0.34%) were diagnosed with BM. The clinical characteristics of
CRC and the chi-square test for comparison among CRC
patients with BM and those without BM are presented in
Table 1. There were significant differences in grade, histology,
pT, pN, bone metastases, liver metastases, lung metastases, CEA,
surgery, and radiotherapy (p < 0.001, each). In pathological
characteristics, CRC patients with BM were found to be with
unknown grade (37.43% vs. 10.99%), pT (43.59% vs. 6.56%), and
pN (36.92% vs. 4.95%), and much more often accompanied by
metastases of bone (21.03% vs. 0.92%), liver (61.03% vs. 13.71%),
and lung (51.79% vs. 4.56%). Meanwhile, there was a
significantly higher positive level of CEA in patients with BM
(60.00% vs. 28.37%). Compared with patients without BM in the
difference in treatment, CRCBM patients were found to receive
less surgery (28.72% vs. 86.78%) but more radiotherapy (66.15%
vs. 13.31%). However, the variables age, race, gender, location,
perineural invasion, and systematic therapy did not have a
significant difference (Table 1, p > 0.05).

The Risk Factors for Developing
BM in CRC
We performed univariable and multivariable logistic regressions
to predict the occurrence of CRCBM by clinical and pathological
variables. Univariable logistic regression showed that CRC
patients with moderately and poorly differentiated grades
(Grades II and III) and undifferentiated grade (Grade IV),
pN2a-b, other histology, higher positive level of CEA, bone
metastases, liver metastases, and lung metastases were
positively associated with BM (Supplementary Table 1, p <
0.05, each). Based on the results of multivariable logistic
regression analysis, pN2a-b (p = 0.048), higher positive level of
CEA (p < 0.001), bone metastases (p < 0.001), liver metastases
(p = 0.005), and lung metastases (p < 0.001) were associated with
significantly higher risk for BM from CRC, while the diagnosed
age, race, gender, pT, and perineural invasion were found not to
be significantly correlated with CRCBM (Table 2, p > 0.05).

Survival Comparison Between CRC
Patients With BM and Those Without BM
According to the results of univariable logistic regression
(Supplementary Table 1, p < 0.05), we identified nine factors
that could affect the outcomes of treatment, namely, grade,
histology, pN, bone metastases, liver metastases, lung
metastases, CEA, surgery, and radiotherapy, and used these
March 2022 | Volume 12 | Article 758681
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factors to generate a propensity score. After PSM, we obtained
167 patients with BM and 321 patients with no BM in this study,
and none of the above factors between the two groups was found
to be significantly different (Supplementary Table 2, p > 0.05).
TABLE 1 | Demographic and clinical characteristics of the patients in the cohort.

BM (%) Non-BM (%) p*

Age (years) 0.127
<50 31 (15.90%) 7,602 (13.14%)
50–59 54 (27.69%) 13,076 (22.61%)
60–69 51 (26.16%) 14,704 (25.42%)
70–79 33 (16.92%) 11,981 (20.72%)
≥80 26 (13.33%) 10,471 (18.11%)

Race 0.252
White 156 (80.00%) 43,692 (75.55%)
Black 22 (11.28%) 6,955 (12.02%)
Other† 17 (8.72%) 7,187 (12.43%)

Gender 0.160
Male 91 (46.67%) 29,902 (51.70%)
Female 104 (53.33%) 27,932 (48.30%)

Location 0.057
Right side 83 (42.56%) 25,340 (43.82%)
Left side 46 (23.59%) 16,942 (29.29%)
Rectum 66 (33.85%) 15,552 (26.89%)

Grade <0.001
Grade I 2 (1.03%) 4,479 (7.75%)
Grade II 76 (38.97%) 37,371 (64.62%)
Grade III 38 (19.49%) 8,093 (13.99%)
Grade IV 6 (3.08%) 1,534 (2.65%)
Unknown 73 (37.43%) 6,357 (10.99%)

Histology <0.001
AC 172 (88.21%) 51,579 (89.18%)
MC 4 (2.05%) 3,833 (6.63%)
SRCC 4 (2.05%) 615 (1.07%)
Other 15 (7.69%) 1,807 (3.12%)

pT <0.001
T1–2 34 (17.44%) 17,519 (30.29%)
T3–4 76 (38.97%) 36,520 (63.15%)
Unknown 85 (43.59%) 3,795 (6.56%)

pN <0.001
N0–N1b 95 (48.72%) 46,957 (81.19%)
N2a–2b 28 (14.36%) 8,014 (13.86%)
Unknown 72 (36.92%) 2,863 (4.95%)

Bone metastases <0.001
No/Unknown 154 (78.97%) 57,302 (99.08%)
Yes 41 (21.03%) 532 (0.92%)
Liver metastases <0.001
No/Unknown 76 (38.97%) 49,905 (86.29%)
Yes 119 (61.03%) 7,929 (13.71%)

Lung metastases <0.001
No/Unknown 94 (48.21%) 55,196 (95.44%)
Yes 101 (51.79%) 2,638 (4.56%)

CEA <0.001
Negative/Unknown 78 (40.00%) 41,425 (71.63%)
Positive 117 (60.00%) 16,409 (28.37%)

Perineural Invasion 0.174
None/Unknown 182 (93.33%) 52,322 (90.47%)
Present 13 (6.67%) 5,512 (9.53%)

Surgery <0.001
None/unknown 139 (71.28%) 7,648 (13.22%)
Performed 56 (28.72%) 50,186 (86.78%)

Radiotherapy <0.001
None/unknown 66 (33.85%) 50,133 (86.68%)
Performed 129 (66.15%) 7,701 (13.32%)

Systematic therapy 0.096
None 127 (65.13%) 36,560 (63.22%)
Before surgery 7 (3.60%) 4,449 (7.69%)
After surgery 61 (31.27%) 16,825 (29.09%)
AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma.
∗p-values were made by chi-square test.
†Other = American Indian/AK Native, and Asian/Pacific Islander.
TABLE 2 | Multivariable logistic regression for analyzing the risk factors for brain
metastasis from CRC before PSM.

OR 95% CI p∗

Age (years) 0.495
<50 1
50–59 1.330 0.621–2.850
60–69 0.927 0.421–2.042
70–79 0.671 0.273–1.650
≥80 1.100 0.459–2.637

Race 0.170
White 1
Black 0.857 0.440–1.671
Other† 0.377 0.135–1.051

Gender 0.598
Male 1
Female 1.138 0.705–1.837

Location 0.135
Right side 1
Left side 1.085 0.630–1.867
Rectum 0.553 0.280–1.094

Grade 0.076
Grade I 1
Grade II 1.546 0.368–6.495
Grade III 3.425 0.779–15.059
Grade IV 2.624 0.422–16.331
Unknown 2.321 0.494–10.895

Histology 0.293
AC 1
MC 0.202 0.028–1.475
SRCC 1.607 0.367–7.024
Other 0.405 0.054–3.018

pT 0.238
T1–2 1
T3–4 0.690 0.373–1.278
Unknown – –

pN 0.048
N0–N1b 1
N2a–N2b 1.760 1.006–3.077
Unknown – –

Bone metastasis <0.001
No/Unknown 1
Yes 4.855 2.213–10.654

Liver metastasis 0.005
No/Unknown 1
Yes 2.412 1.304–4.462

Lung metastasis <0.001
No/Unknown 1
Yes 8.786 4.868–15.857

CEA <0.001
Negative/Unknown 1
Positive 3.037 1.746–5.284

Perineural Invasion 0.519
Not present/Unknown 1
Present 0.803 0.412–1.566
March 2022
 | Volume 12 | Article
AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma.
∗p-values were calculated by multivariable logistic regression after adjusted by age,
gender, race, location, grade, histology, pT, pN, bone metastases, liver metastases,
lung metastases, CEA, and perineural invasion.
†Other = American Indian/AK Native, and Asian/Pacific Islander.
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Furthermore, we compared the survival difference among
patients after using PSM. The median CSS and OS of
CRC patients without BM were significantly higher than that of
patientswithBM(16.0months vs. 4.0months forCSS,Figure 2A, p
< 0.001; 14.0 months vs. 4.0 months for OS, Figure 2B, p < 0.001).
Consistently, CRC patients with BM have worse CSS than those
without BM after univariate Cox model (HR = 2.017; 95% CI =
1.626–2.503; p < 0.001, Supplementary Table 3). Meanwhile, after
modeling all variables in multivariable Cox analysis, CRC patients
with BM have worse CSS when compared with those without BM
(HR = 2.621; 95% CI = 2.061–3.333; p < 0.001; Table 3). Similar
results were also obtained when analyzed by OS (HR = 2.556; 95%
CI = 2.026–3.225; p < 0.001; Table 3).

Survival Benefits of Clinical
Factors and Therapies
We stratified the patients with BM by the number of additional
distant metastasis organs and found that the median CSS for
CRCBM patients with zero, one, two, and three or more
additional distant metastasis organs were 9.0 months, 4.0
months, 3.0 months, and 2.0 months, respectively, with
statistically significant differences (Figure 3A, p < 0.05). A
similar result can also be found in OS (Figure 3B, p < 0.05).

By performing both univariable and multivariable Cox
regression analyses, we predicted the survival benefits of
clinical factors and effective therapies for CRC patients with
BM. Interestingly, the results demonstrated that a younger age of
diagnosis and having received systematic therapies could mean a
longer CSS and OS (Figures 4A, B, Table 4 and Supplementary
Table 4, p < 0.05, each). However, clinicopathological factors, the
presence of additional distant metastasis organs, and receiving
surgery or radiotherapy do not have an influence on both CSS
and OS in CRCBM patients (Figures 4A, B, Table 4 and
Supplementary Table 4, p > 0.05, each).
DISCUSSION

As promoted in 2020, headways in the treatment of metastatic
diseases, especially from liver and lung metastases, have
Frontiers in Oncology | www.frontiersin.org 5
increased the survival rate of CRC patients in recent decades
(1, 22, 23). However, little is known about CRCBM due to its low
incidence rate. Unfortunately, the prevalence of BM in patients
with CRC is significantly increasing (24); however, magnetic
resonance imaging (MRI) or computed tomography (CT) is not
a routine brain examination for CRC patients during follow-up.
Consequently, missed diagnosis of CRCBM may occur, and the
reported incidence rate of CRCBM may be lower than the actual
incidence rate (25). In addition, some studies with small samples
reported a wide variation in incidence. These differences in
incidence may be due to bias among the enrolled patients in
different studies. Therefore, there is an urgent need to use the
latest sufficiently large patient cohort to reevaluate rare BM in
these CRC patients. In this nationwide population-based study,
CRC patients with BM were identified in the SEER database and
PSM was conducted to adjust for confounders for the first time.
Considering that SEER is a large database, strict quality control is
implemented and data are updated annually to ensure data
accuracy (26), and our results proved to be very reliable.

Compared to other primary tumor sources such as lung
cancer and breast cancer, which are prone to brain metastases,
BM in CRC is relatively rare (25). Although precise incidence
rates of CRCBM patients had been found in sporadic studies,
they were based on a limited number of cases. Consequently, the
incidence of CRCBM has been found to range from 0.1% to 4%
(10, 27–30). This discrepancy may be due to the differences in the
enrolled patients. Based on SEER data, CRCBM patients are
relatively rare, with only 0.34% of CRC patients diagnosed with
BM, which was consistent with other research cohorts (12, 27).
However, the true incidence rate may be higher, as these
assessments were often limited to patients with symptoms
requiring treatment and because many studies reported only
the presence or absence of BM at the time of initial diagnosis;
further information on whether the patient developed BM
during or after treatment was not provided.

The incidence risk factors for these patients were also
reported at the time of initial diagnosis. Compared with non-
BM patients, the proportion of BM patients with synchronous
bone, liver, and lung metastasis was higher, and the proportion of
only single-organ metastasis was also higher in CRCBM patients
A B

FIGURE 2 | Kaplan–Meier curves for CRC patients with BM and those with no BM. (A) Cancer-specific survival (CSS) for CRC patients with BM and those with no BM.
(B) Overall survival (OS) for CRC patients with BM and those with no BM. HR = hazard ratio. 95% CI = 95% confidence interval. p-value was calculated by log-rank test.
March 2022 | Volume 12 | Article 758681
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TABLE 3 | Multivariable analyses using Cox models associated with CSS and OS for patients with CRC after PSM.

CSS OS

HR 95% CI p∗ HR 95% CI p∗

Brain metastasis <0.001 <0.001
None 1 1
Yes 2.621 2.061–3.333 2.556 2.026–3.225

Age(years) <0.001 <0.001
<50 1 1
50–59 1.449 1.020–2.058 1.464 1.038–2.065
60–69 1.462 1.035–2.066 1.470 1.049–2.059
70–79 1.803 1.224–2.656 1.963 1.352–2.850
≥80 3.933 2.588–5.975 4.231 2.827–6.332

Race 0.123 0.028
White 1 1
Black 1.314 0.959–1.799 1.479 1.101–1.986
Other† 1.310 0.901–1.905 1.225 0.843–1.782

Gender 0.345 0.121
Male 1 1
Female 0.900 0.724–1.120 0.846 0.685–1.045

Location 0.31 0.039
Right side 1 1
Left side 0.680 0.495–0.934 0.752 0.557–1.016
Rectum 0.755 0.570–1.000 0.723 0.550–0.951
Grade 0.006 0.023
Grade I 1 1
Grade II 0.554 0.249–1.233 0.506 0.239–1.070
Grade III 0.962 0.425–2.179 0.797 0.370–1.718
Grade IV 0.628 0.227–1.742 0.480 0.180–1.278
Unknown 0.569 0.255–1.268 0.538 0.254–1.142

Histology 0.107 0.403
AC 1 1
MC 0.893 0.511–1.558 0.865 0.509–1.468
SRCC 0.862 0.352–2.109 0.772 0.319–1.868
Other 0.526 0.313–0.882 0.693 0.437–1.098

pT 0.143 0.144
T1–2 1 1
T3–4 0.939 0.651–1.354 1.022 0.716–1.458
Unknown 1.229 0.885–1.709 1.288 0.933–1.778

pN 0.149 0.114
N0–N1b 1 1
N2a–N2b 1.446 0.968–2.160 1.470 1.002–2.157
Unknown 1.141 0.891–1.460 1.130 0.890–1.436

Bone metastasis 0.013 0.018
No/Unknown 1 1
Yes 1.459 1.083–1.965 1.419 1.062–1.898

Liver metastasis <0.001 <0.001
No/Unknown 1 1
Yes 2.054 1.570–2.687 1.872 1.446–2.422

Lung metastasis 0.033 0.076
No/Unknown 1 1
Yes 1.297 1.021–1.647 1.233 0.979–1.553

CEA 0.316 0.261
Negative/Unknown 1 1
Positive 0.883 0.693–1.126 0.874 0.692–1.105

Perineural Invasion 0.846 0.865
Not present/Unknown 1 1
Present 1.050 0.641–1.721 1.042 0.648–1.676

Surgery 0.023 0.018
None/unknown 1 1
Performed 0.591 0.376–0.929 0.593 0.384–0.914

Radiotherapy 0.123 0.224
None/unknown 1 1
Performed 1.213 0.949–1.552 1.157 0.915–1.463

(Continued)
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than in non-CRCBM patients. In addition, the positive level of
CEA was also higher in BM patients, and these results suggest
that CRCBM patients may suffer from a higher tumor burden.
Due to the higher incidence of distant metastases, especially
multiple unresectable distant metastases, CRCBM patients
received local treatment with low surgical rate and high
radiotherapy rate. Several risk factors were finally identified
and required attention, including lymph node metastasis at
pN2a-b, positive level of CEA, and additional distant
metastases (lung, liver, or bone). These are important
predictors to help clinicians determine the occurrence of BM
when the above characteristics are present in CRC patients.
Therefore, patients initially diagnosed with the above risk
factors may need to pay more attention to the possibility of
brain metastases, and brain examination, via MRI or CT, should
be considered to avoid missed diagnosis of BM for CRC patients
with high risk factors during follow-up (1).

CRCBM patients usually have a very poor prognosis, with a
median survival of only about 5.0 months (11, 12). Our study is
consistent with other studies in that CRCBM patients also had a
significantly shorter median OS and CSS than BM-free CRC
patients. We further confirmed that the survival of CRC patients
with metastasis to BM only was better than that with
synchronous metastasis to other organs. In addition, the
number of metastatic organs is also a significant prognostic
factor, wherein the greater the number of additional distant
Frontiers in Oncology | www.frontiersin.org 7
metastasis organs, the lower the chance of survival. However, the
results demonstrated that a younger age of diagnosis and having
received systematic therapies could mean a longer CSS and OS,
while other factors, including surgery, radiotherapy, and
pathological clinical factors, did not have a significant impact
on survival of CRCBM patients. Interestingly, although pN2a-b,
positive level of CEA, and several distant metastases can be used
as significant predictors to predict the risk of BM, these factors
could not be used as prognostic factors. Also, the presence of
additional distant metastasis organs, surgery, and radiotherapy
do not influence both CSS and OS in CRCBM patients.

Of all the treatments, only systematic treatment actually
extended CSS and OS in CRCBM patients in our study.
Consistent with our research, the recent studies reported that
the interval between first CRC diagnosis and diagnosis of BM is
increasing due to constantly improving systematic treatments
(14, 31). Even more interesting, CRCBM exhibits elevated
mutational signatures of homologous recombination deficiency
and mismatch repair deficiency, which means a promising
effective systematic treatment of target and immune therapy
(32). It also means that more alternative multimodality
systematic treatments may reduce the occurrence of BM and
prolong the survival of CRCBM patients. According to the time
sequence between systemic treatment and surgery, systematic
treatment can be stratified into before and after surgery, which
both promoted the survival of CRCBM patients in our study.
TABLE 3 | Continued

CSS OS

HR 95% CI p∗ HR 95% CI p∗

Systematic therapy 0.034 0.019
None 1 1
Before surgery 0.461 0.237–0.896 0.460 0.239–0.887
After surgery 0.686 0.472–0.998 0.658 0.460–0.940
March
 2022 | Volume 12 | Article
AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma.
∗p-values were calculated by multivariable Cox regression after adjusted by brain metastasis, age, gender, race, location, grade, histology, pT, pN, bone metastasis, liver metastasis, lung
metastasis, CEA, and perineural invasion.
†Other = American Indian/AK Native, and Asian/Pacific Islander.
A B

FIGURE 3 | Kaplan–Meier curves for CRC patients with BM after stratified by the number of additional distant metastasis organs. (A) Comparison of cancer-specific
survival (CSS). (B) Comparison of overall survival (OS). p-value was calculated by log-rank test.
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Since most systematic treatments before surgery were considered
as neoadjuvant treatments, we can assume that CRCBM patients
can benefit from neoadjuvant treatment. In addition, systematic
treatments after surgery included systematic treatment or
adjuvant treatments for mCRC; hence, further studies are
needed to determine which of the two treatments, if not both,
could benefit patients with CRCBM.

The study has several limitations. Firstly, there are inevitable
inherent biases in any retrospective study. Secondly, the SEER
database includes only the US population, so the results of this
study may not be appropriate for populations in other countries
or regions and should be interpreted with caution. Thirdly,
although SEER provides a large platform for depth and
longitudinal analysis of cancer patients, it is still considered
administrative data with limitations and some records are not
detailed enough for clinical application such as information on
clinicopathological factors (i.e., TN stage and pathological
Frontiers in Oncology | www.frontiersin.org 8
grade) and the detailed records of treatment methods (i.e.,
surgery, radiotherapy chemotherapy, systematic treatment
methods, and sequence of treatments) for CRCBM patients,
which are crucial for analysis. As an important example, it was
found that the majority of CRCBM patients who received
radiotherapy did not benefit from this treatment, and one of
the possible reasons is that the site of radiotherapy (whether it
was the primary tumor or the metastatic tumor, or both)
was unclear.

In conclusion, the incidence rate of CRCBM patients is 0.34%
according to the above analysis. Although there are some
limitations, our study reported the positive level of CEA,
pN2a-b, and distant metastases as risk factors, while only
systematic treatment was reported as a prognostic factor for
CRCBM patients based on the SEER database. These factors
could be used as a reference in clinical decision-making for
individualized treatment.
A B

FIGURE 4 | Forest plot of multivariable Cox proportional hazard ratio (HR) and 95% CI for cancer-specific survival and overall survival of patients with BM after PSM.
(A) Comparison of cancer-specific survival (CSS). (B) Comparison of overall survival (OS). p-value was calculated by multivariable Cox regression after adjusted by
variables including age, gender, race, location, grade, histology, pT, pN, bone metastases, liver metastases, lung metastases, CEA, perineural invasion, surgery,
radiotherapy, and systematic therapy.
March 2022 | Volume 12 | Article 758681
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TABLE 4 | Multivariable Cox analysis of prognostic factors associated with CSS and OS for CRCBM patients after PSM.

CSS OS

HR 95% CI p* HR 95% CI p∗

Age (years) 0.002 <0.001
<50 1 1
50–59 1.876 1.009–3.485 1.860 1.015–3.409
60–69 2.025 1.043–3.930 2.114 1.111–4.025
70–79 2.634 1.290–5.375 2.565 1.274–5.164
≥80 5.011 2.285–10.989 5.673 2.642–12.184

Race 0.527 0.134
White 1 1
Black 1.397 0.776–2.515 1.520 0.867–2.664
Other† 0.984 0.507–1.909 0.929 0.481–1.792

Gender 0.278 0.231
Male 1 1
Female 0.802 0.539–1.195 0.787 0.532–1.165

Location 0.864 0.959
Right side 1 1
Left side 0.865 0.508–1.473 0.937 0.561–1.566
Rectum 0.934 0.578–1.510 0.945 0.588–1.519

Grade 0.104 0.116
Grade I 1 1
Grade II 0.064 0.005–0.797 0.066 0.005–0.817
Grade III 0.095 0.007–1.206 0.099 0.008–1.248
Grade IV 0.094 0.007–1.355 0.095 0.007–1.361
Unknown 0.058 0.004–0.760 0.063 0.005–0.814

Histology 0.154 0.285
AC 1 1
MC 0.640 0.170–2.418 0.656 0.175–2.465
SRCC 2.344 0.727–7.563 2.363 0.736–7.588
Other 0.493 0.204–1.189 0.662 0.297–1.476

pT 0.092 0.084
T1–2 1 1
T3–4 1.304 0.678–2.507 1.297 0.684–2.460
Unknown 1.826 1.050–3.175 1.820 1.060–3.127

pN 0.341 0.285
N0–N1b 1 1
N2a–N2b 1.529 0.806–2.899 1.605 0.855–3.015
Unknown 1.216 0.737–2.005 1.190 0.728–1.944

Bone metastasis 0.104 0.117
No/Unknown 1 1
Yes 1.529 0.916–2.550 1.495 0.905–2.472

Liver metastasis 0.048 0.051
No/Unknown 1 1
Yes 1.543 1.003–2.374 1.520 1.998–2.316

Lung metastasis 0.339 0.443
No/Unknown 1 1
Yes 1.232 0.803–1.888 1.179 0.774–1.795

CEA 0.135 0.096
Negative/Unknown 1 1
Positive 0.735 0.491–1.100 0.716 0.483–1.061

Perineural Invasion 0.916 0.976
Not present/Unknown 1 1
Present 0.956 0.410–2.226 0.987 0.434–2.247

Surgery 0.525 0.333
None/unknown 1 1
Performed 0.762 0.329–1.763 0.665 0.291–1.519

Radiotherapy 0.355 0.460
None/unknown 1 1
Performed 1.207 0.811–1.796 1.158 0.785–1.709

Systematic therapy 0.007 0.015
None 1 1
Before surgery 0.119 0.023–0.916 0.131 0.026–0.674
After surgery 0.456 0.247–0.840 0.526 0.293–0.946
Frontiers in Oncology | www.frontiersin
.org 9
 March
 2022 | Volume 12 | Article
AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma.
∗p-values were calculated by multivariable Cox regression after adjusted by brain metastasis, age, gender, race, location, grade, histology, pT, pN, bone metastasis, liver metastasis, lung
metastasis, CEA, and perineural invasion.
†Other = American Indian/AK Native, and Asian/Pacific Islander.
758681

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Prediction of Risk and Survival
DATA AVAILABILITY STATEMENT

The datasets generated and analyzed during the current study are
available in the Surveillance, Epidemiology, and End Results
(http://www.seer.cancer.gov/). Further inquiries can be directed
to the corresponding authors.
ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

LH redesigned the paper and revised most of the paper according
to the comments of reviewers. QC, RT, YX, and JL conceived and
coordinated the study. QC, YL, and CZ wrote and revised the
paper. LH, ML, XW, and CP performed and analyzed the data.
XX and YX offered technical or material support, critical reading,
and text revisions. All authors reviewed the results and approved
the final version of the manuscript.
Frontiers in Oncology | www.frontiersin.org 10
FUNDING

This work was supported by the National Key R&D Program
(2018YFC1313400) and the National Natural Science
Foundation of China (Grant Number: 81902671).
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.758681/
full#supplementary-material

Supplementary Table 1 | Univariate logistic regression for analyzing the risk
factors for brain metastasis from CRC.

Supplementary Table 2 | Baseline demographic and clinical characteristics
before and after propensity score matching.

Supplementary Table 3 | Univariable analyses using Cox models associated
with CSS and OS for patients with CRC after PSM.

Supplementary Table 4 | Univariable Cox analysis of prognostic factors
associated with CSS and OS for CRCBM patients after PSM.
REFERENCES
1. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC,

et al. Colorectal Cancer Statistics, 2020. CA Cancer J Clin (2020) 70:145–64.
doi: 10.3322/caac.21601

2. Christensen TD, Spindler KL, Palshof JA, Nielsen DL. Systematic Review:
Brain Metastases From Colorectal Cancer–Incidence and Patient
Characteristics. BMC Cancer (2016) 16:260. doi: 10.1186/s12885-016-2290-5

3. Imaizumi J, Shida D, Narita Y, Miyakita Y, Tanabe T, Takashima A, et al.
Prognostic Factors of Brain Metastases From Colorectal Cancer. BMC Cancer
(2019) 19:755. doi: 10.1186/s12885-019-5973-x

4. Tanriverdi O, Kaytan-Saglam E, Ulger S, Bayoglu IV, Turker I, Ozturk-Topcu
T, et al. The Clinical and Pathological Features of 133 Colorectal Cancer
Patients With Brain Metastasis: A Multicenter Retrospective Analysis of the
Gastrointestinal Tumors Working Committee of the Turkish Oncology
Group (TOG). Med Oncol (2014) 31:152. doi: 10.1007/s12032-014-0152-z

5. Thurmaier J, Heinemann V, Engel J, Schubert-Fritschle G, Wiedemann M,
Nüssler NC, et al. Patients With Colorectal Cancer and Brain Metastasis: The
Relevance of Extracranial Metastatic Patterns Predicting Time Intervals to
First Occurrence of Intracranial Metastasis and Survival. Int J Cancer (2021)
148:1919–27. doi: 10.1002/ijc.33364

6. Kye BH, Kim HJ, Kang WK, Cho HM, Hong YK, Oh ST. Brain Metastases
From Colorectal Cancer: The Role of Surgical Resection in Selected Patients.
Colorectal Dis (2012) 14:e378–85. doi: 10.1111/j.1463-1318.2012.02962.x

7. Shindorf ML, Jafferji MS, Goff SL. Incidence of Asymptomatic Brain
Metastases in Metastatic Colorectal Cancer. Clin Colorectal Cancer (2020)
19:263–9. doi: 10.1016/j.clcc.2020.09.002

8. Yaeger R, Cowell E, Chou JF, GewirtzAN, Borsu L, Vakiani E, et al. RASMutations
Affect Pattern ofMetastatic Spread and Increase Propensity for BrainMetastasis in
Colorectal Cancer. Cancer (2015) 121:1195–203. doi: 10.1002/cncr.29196

9. Christensen TD, Palshof JA, Larsen FO, Hogdall E, Poulsen TS, Pfeiffer P,
et al. Risk Factors for Brain Metastases in Patients With Metastatic Colorectal
Cancer. Acta Oncol (2017) 56:639–45. doi: 10.1080/0284186X.2017.1290272

10. Lei S, Ge Y, Tian S, Cai B, Gao X, Wang N, et al. Colorectal Cancer Metastases
to Brain or Bone and the Relationship to Primary Tumor Location: A
Population-Based Study. J Gastrointest Surg (2020) 24:1833–42. doi:
10.1007/s11605-019-04308-8
11. Roussille P, Auvray M, Vansteene D, Lecomte T, Rigault E, Maillet M, et al.
Prognostic Factors of Colorectal Cancer Patients With Brain Metastases.
Radiother Oncol (2021) 158:67–73. doi: 10.1016/j.radonc.2021.02.006

12. Jung M, Ahn JB, Chang JH, Suh CO, Hong S, Roh JK, et al. Brain Metastases
From Colorectal Carcinoma: Prognostic Factors and Outcome. J Neurooncol
(2011) 101:49–55. doi: 10.1007/s11060-010-0214-9

13. Michl M, Thurmaier J, Schubert-Fritschle G, Wiedemann M, Laubender RP,
Nüssler NC, et al. Brain Metastasis in Colorectal Cancer Patients: Survival and
Analysis of Prognostic Factors. Clin Colorectal Cancer (2015) 14:281–90. doi:
10.1016/j.clcc.2015.05.009

14. DamiensK,Ayoub JP, LemieuxB,Aubin F, SalibaW,CampeauMP, et al. Clinical
Features and Course of Brain Metastases in Colorectal Cancer: An Experience
From a Single Institution. Curr Oncol (2012) 19:254–8. doi: 10.3747/co.19.1048

15. Mege D, Sans A, Ouaissi M, Iannelli A, Sielezneff I. Brain Metastases From
Colorectal Cancer: Characteristics and Management. ANZ J Surg (2018)
88:140–5. doi: 10.1111/ans.14107

16. Tokoro T, Okuno K, Hida JC, Ueda K, Yoshifuji T, Daito K, et al. Prognostic
Factors for Patients With Advanced Colorectal Cancer and Symptomatic
Brain Metastases. Clin Colorectal Cancer (2014) 13:226–31. doi: 10.1016/
j.clcc.2014.09.008

17. Suzuki Y, Yamaguchi T, Matsumoto H, Nakano D, Honda G, Shinoura N,
et al. Prognostic Factors and Treatment Effects in Patients With Curatively
Resected Brain Metastasis From Colorectal Cancer. Dis Colon Rectum (2014)
57:56–63. doi: 10.1097/01.dcr.0000436998.30504.98

18. Chen Q, Zhao S, Song Y, Gao P, Sun J, Chen X, et al. Do Patients With Second
Primary Colorectal Cancer Hold the Similar Prognosis and Therapeutic
Benefits as Those With Initial Primary Colorectal Cancer? BioMed Res Int
(2018) 2018:6172670. doi: 10.1155/2018/6172670

19. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
Build a Bridge From a Population-Based to a More “Personalized” Approach
to Cancer Staging. CA Cancer J Clin (2017) 67:93–9. doi: 10.3322/caac.21388

20. Li ZP, Liu XY, Kao XM, Chen YT, Han SQ, Huang MX, et al.
Clinicopathological Characteristics and Prognosis of Colorectal Mucinous
Adenocarcinoma and Nonmucinous Adenocarcinoma: A Surveillance,
Epidemiology, and End Results (SEER) Population-Based Study. Ann
Transl Med (2020) 8:205. doi: 10.21037/atm.2020.01.52
March 2022 | Volume 12 | Article 758681

https://www.frontiersin.org/articles/10.3389/fonc.2022.758681/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.758681/full#supplementary-material
https://doi.org/10.3322/caac.21601
https://doi.org/10.1186/s12885-016-2290-5
https://doi.org/10.1186/s12885-019-5973-x
https://doi.org/10.1007/s12032-014-0152-z
https://doi.org/10.1002/ijc.33364
https://doi.org/10.1111/j.1463-1318.2012.02962.x
https://doi.org/10.1016/j.clcc.2020.09.002
https://doi.org/10.1002/cncr.29196
https://doi.org/10.1080/0284186X.2017.1290272
https://doi.org/10.1007/s11605-019-04308-8
https://doi.org/10.1016/j.radonc.2021.02.006
https://doi.org/10.1007/s11060-010-0214-9
https://doi.org/10.1016/j.clcc.2015.05.009
https://doi.org/10.3747/co.19.1048
https://doi.org/10.1111/ans.14107
https://doi.org/10.1016/j.clcc.2014.09.008
https://doi.org/10.1016/j.clcc.2014.09.008
https://doi.org/10.1097/01.dcr.0000436998.30504.98
https://doi.org/10.1155/2018/6172670
https://doi.org/10.3322/caac.21388
https://doi.org/10.21037/atm.2020.01.52
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Prediction of Risk and Survival
21. Liu C, Tian M, Pei H, Tan F, Li Y. Prognostic Value of the N1c in Stage III and
IV Colorectal Cancer: A Propensity Score Matching Study Based on the
Surveillance, Epidemiology, and End Results (SEER) Database. J Invest Surg
(2021) 1–10. doi: 10.1080/08941939.2021.1925787

22. Zampino MG, Magni E, Ravenda PS, Cella CA, Bonomo G, Della Vigna P,
et al. Treatments for Colorectal Liver Metastases: A New Focus on a Familiar
Concept. Crit Rev Oncol Hematol (2016) 108:154–63. doi: 10.1016/
j.critrevonc.2016.11.005

23. Piawah S, Venook AP. Targeted Therapy for Colorectal Cancer Metastases: A
Review of Current Methods of Molecularly Targeted Therapy and the Use of
Tumor Biomarkers in the Treatment of Metastatic Colorectal Cancer. Cancer
(2019) 125:4139–47. doi: 10.1002/cncr.32163

24. Nieder C, Spanne O, Mehta MP, Grosu AL, Geinitz H. Presentation, Patterns
of Care, and Survival in Patients With Brain Metastases: What has Changed in
the Last 20 Years? Cancer (2011) 117:2505–12. doi: 10.1002/cncr.25707

25. Achrol AS, Rennert RC,Anders C, Soffietti R, AhluwaliaMS,Nayak L, et al. Brain
Metastases. Nat Rev Dis Primers (2019) 5:5. doi: 10.1038/s41572-018-0055-y

26. Islami F, Miller KD, Siegel RL, Fedewa SA, Ward EM, Jemal A. Disparities in
Liver Cancer Occurrence in the United States by Race/Ethnicity and State. CA
Cancer J Clin (2017) 67:273–89. doi: 10.3322/caac.21402

27. Tapia Rico G, Price TJ, Karapetis C, Piantadosi C, Padbury R, Roy A, et al.
Brain Metastasis in Advanced Colorectal Cancer: Results From the South
Australian Metastatic Colorectal Cancer (SAmCRC) Registry. Cancer Biol
Med (2017) 14:371–6. doi: 10.20892/j.issn.2095-3941.2017.0068

28. Riihimäki M, Hemminki A, Sundquist J, Hemminki K. Patterns of Metastasis
in Colon and Rectal Cancer. Sci Rep (2016) 6:29765. doi: 10.1038/srep29765

29. Sundermeyer ML, Meropol NJ, Rogatko A, Wang H, Cohen SJ. Changing
Patterns of Bone and Brain Metastases in Patients With Colorectal Cancer.
Clin Colorectal Cancer (2005) 5:108–13. doi: 10.3816/CCC.2005.n.022
Frontiers in Oncology | www.frontiersin.org 11
30. Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE.
Incidence Proportions of Brain Metastases in Patients Diagnosed (1973 to
2001) in the Metropolitan Detroit Cancer Surveillance System. J Clin Oncol
(2004) 22:2865–72. doi: 10.1200/JCO.2004.12.149

31. Nieder C, Pawinski A, Balteskard L. Colorectal Cancer Metastatic to the Brain:
Time Trends in Presentation and Outcome. Oncology (2009) 76:369–74. doi:
10.1159/000210026

32. Sun J, Wang C, Zhang Y, Xu L, Fang W, Zhu Y, et al. Genomic Signatures
Reveal DNA Damage Response Deficiency in Colorectal Cancer Brain
Metastases. Nat Commun (2019) 10:3190. doi: 10.1038/s41467-019-10987-3
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

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

Copyright © 2022 Chen, He, Li, Zuo, Li, Wu, Pu, Xu, Tang, Xiong and Li. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
March 2022 | Volume 12 | Article 758681

https://doi.org/10.1080/08941939.2021.1925787
https://doi.org/10.1016/j.critrevonc.2016.11.005
https://doi.org/10.1016/j.critrevonc.2016.11.005
https://doi.org/10.1002/cncr.32163
https://doi.org/10.1002/cncr.25707
https://doi.org/10.1038/s41572-018-0055-y
https://doi.org/10.3322/caac.21402
https://doi.org/10.20892/j.issn.2095-3941.2017.0068
https://doi.org/10.1038/srep29765
https://doi.org/10.3816/CCC.2005.n.022
https://doi.org/10.1200/JCO.2004.12.149
https://doi.org/10.1159/000210026
https://doi.org/10.1038/s41467-019-10987-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Risk Factors on the Incidence and Prognostic Effects of Colorectal Cancer With Brain Metastasis: A SEER-Based Study
	Introduction
	Materials and Methods
	Data Source and Eligibility Criteria
	Study Variables
	Statistical Analysis

	Results
	Characteristics of Study Patients
	The Risk Factors for Developing BM in CRC
	Survival Comparison Between CRC Patients With BM and Those Without BM
	Survival Benefits of Clinical Factors and Therapies

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


