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Abstract: Introduction: Colorectal cancer (CRC) is the third most common cancer globally and a
leading cause of cancer-related deaths. While liver metastasis is common, brain metastasis (BM) is
rare, occurring in 0.1% to 14% of cases. Risk factors for BM include lung metastasis at diagnosis, rectal
cancer, and mutations in RAS and KRAS genes. Due to its rarity, guidelines for BM screening and
treatment are limited. The aim of this study is to identify the clinical characteristics and predictors of
BM at the time of the initial diagnosis of CRC. Methods: We evaluated patients ≥18 years old with
metastatic colorectal cancer and brain metastases at diagnosis from the SEER database (2010–2021).
A retrospective cohort study was conducted to analyze overall survival and predictive factors for
brain metastasis, utilizing multivariate logistic regression, Kaplan–Meier survival analysis, and
the Cox proportional hazards models, with p-values < 0.05 considered significant. Results: Out of
24,703 patients with metastatic colorectal cancer (mCRC), 228 (0.92%) had brain metastasis (BM) at
diagnosis. BM was more prevalent in average-onset mCRC (≥50 years) compared to early-onset
(<50 years) (1% vs. 0.55%, p = 0.004). Certain factors, such as older age and adenocarcinoma subtype,
were associated with BM. Additionally, Asians/Pacific-Islanders (HR 1.83 CI: 1.01-3-33, p = 0.045)
and American Indians/Alaska Natives (HR 4.79 CI 1.15–19.97, p = 0.032) had higher mortality rates,
while surgical treatment and chemotherapy were linked to decreased mortality. Patients with BM
had significantly worse overall survival (6 months vs. 21 months, p < 0.001). Conclusion: BM in
mCRC is uncommon, but it is associated with significantly worse outcomes, including markedly
reduced overall survival. Our study highlights several critical factors associated with the presence of
BM, such as older age and specific racial/ethnic groups, which may inform risk stratification and
early-detection strategies. Our findings emphasize the need for heightened awareness and screening
for BM in high-risk mCRC patients, as well as the inclusion of these patients in clinical trials to
explore tailored therapeutic approaches aimed at improving survival and quality of life.

Keywords: colorectal cancer; brain metastases; survival analysis

1. Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide and one of the
leading causes of cancer-related deaths [1]. The liver is the most common site for metastasis
in CRC, while brain metastasis (BM) is relatively rare, with prevalence rates ranging from
0.1% to 14% [2,3]. The presence of lung metastasis at the time of CRC diagnosis and
rectal cancer are associated with a higher risk of developing BM [4]. Additionally, genetic
mutations in the RAS and KRAS genes have been linked to an increased risk of BM in CRC
patients [5].
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Due to the rarity of BM from CRC, evidence and guidelines for screening and treat-
ment are limited. It has been shown that around 96% of CRC patients with BM are
asymptomatic [6]. The efficacy of chemotherapy is poor because the blood–brain barrier
blocks the passage of cytotoxic drugs [7]. However, local treatment options like stereotactic
radiosurgery (SRS) have become primary treatments for patients with limited or multiple
BM [8]. Survival rates for CRC patients with BM are generally low, varying depending on
the treatment approach. Patients receiving only supportive care have a median survival
of 0.4 to 2 months, while those undergoing comprehensive therapeutic measures have a
survival range of 12 to 41 months [7].

In recent years, advancements in cancer treatment, prognostic techniques, and systemic
therapy have been significantly influenced by the development of immune checkpoint
inhibitors. These inhibitors, particularly PD-1 inhibitors [9], have demonstrated promising
results in treating brain metastases by stimulating a systemic immune response against
malignant cells and crossing the blood–brain barrier. As a result, they have contributed to
improved survival rates and a better quality of life for patients. Therefore, early diagnosis
of brain metastasis is crucial to initiate prompt and effective treatment [10].

Given the challenges of treating BM and the often asymptomatic nature of BM in CRC
patients, early detection is critical. However, direct screening for BM in all CRC patients is
not feasible due to its low incidence. Therefore, identifying specific clinical characteristics
and predictors of BM at the time of the initial diagnosis of CRC is vital. These predictors
can guide targeted screening and more personalized treatment approaches, potentially
improving survival rates and quality of life for affected patients.

The aim of this study is to identify the clinical characteristics and predictors of brain
metastasis at the time of the initial diagnosis of CRC. Additionally, the study aims to
describe overall survival over the past decade and the factors associated with it.

2. Methods
2.1. Population

Our study included individuals who were ≥18 years old and diagnosed with mCRC,
who were then divided into two groups: patients with BM at diagnosis and those without
BM at diagnosis. The data were acquired from the Surveillance, Epidemiology and End
Results (SEER) database with a study period ranging from 2010 to 2021. The SEER database
includes data on cancer incidence, survival, extent of disease, and treatment for 30% of
the United States population. SEER has collected information regarding sites of metas-
tases since 2010, hence the study period range that was chosen for this study. The study
population included 24,703 patients. The groups were divided into patients with brain
metastasis at diagnosis (n = 228) and other metastasis at diagnosis (n = 24,475). Inclusion
factors included histologically confirmed CRC diagnosis based on the ICD-O-3 site codes,
metastasis to other sites, known cause of death, confirmed metastatic colorectal cancer
diagnosis, and first and only malignancy.

2.2. Study Design and Primary Outcome

Our study was a retrospective cohort study of survival analysis. The primary outcome
was overall survival, which was defined as the time from cancer diagnosis to death. Sec-
ondary outcomes included predictive factors for brain metastasis at diagnosis of metastatic
CRC. Study variables included age at diagnosis, sex, race, histologic subtype, tumor size,
TNM score, histologic grade, primary tumor site, liver metastases, lung metastases, bone
metastases, and number of metastatic sites.

2.3. Statistical Analysis

The databases used were downloaded using the SEERStat v8.4.2 software and exported
to STATA v18.0. Descriptive statistics were used to summarize the general characteristics
of the study population, which included 24,703 adults diagnosed with metastatic CRC.
A multivariate logistic regression model was conducted to assess predictors of brain
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metastasis at initial stage IV colorectal cancer diagnosis; this method was chosen as it
allows for the adjustment of multiple confounding variables simultaneously. Overall
survival (OS) was calculated by using the Kaplan–Meier method, and the log rank test was
used to compare differences between groups. Furthermore, a Cox proportional hazards
regression model was used to assess associations between exposure variables and all-cause
mortality. The multivariate model included adjustment variables with p < 0.05 using the
backward selection method. However, race and sex were included in our multivariate
analysis, although they were not statistically significant in our univariate analysis, to ensure
that our analyses were robust, unbiased, and clinically meaningful. All p values < 0.05 were
considered statistically significant.

3. Results

A total of 24,703 patients with metastatic colorectal cancer (mCRC) were included
in the study. Among them, 228 patients (0.92%) had brain metastasis (BM) at the time of
diagnosis, while 24,475 patients (99.1%) had metastases at other sites. Within patients with
BM, 10.53% had early-onset mCRC (<50 years) compared to 89.57% with average-onset
mCRC (≥50 years) (p = 0.004). Most patients with BM were male (52.32%, p = 0.693)
and white (82.89%, p = 0.071) and had adenocarcinoma as the histologic subtype (88.60%,
p = 0.023), a T3 score (46.93%, p < 0.001), an N2 score (43.42%, p = 0.04), and a moderately
differentiated histologic grade (57.89%, p = 0.154). Additionally, most patients had their
primary tumor located in the left colon (35.52%, p = 0.294) and metastasis to three sites or
more (77.19%, p < 0.001). More details about the general characteristics according to the
presence of BM at the time of diagnosis of mCRC can be found in Table 1.

Table 1. General characteristics according to the presence of brain metastasis at diagnosis in adults
with metastatic colorectal cancer.

Characteristics

All Sample
(n = 24,703)

Brain
Metastases

(n = 228)

Other
Metastases
(n = 24,475) p-Value

n % n % n %

Age (years) 0.004 †

<50 4387 17.76 24 10.53 4363 17.83
≥50 20,316 82.24 204 89.57 20,112 82.17
Mean ± SD 62.51 ± 13.74 62.49 ± 13.75 64.46 ± 12.61 0.032 ‡

Sex 0.693 †

Female 11,706 47.39 111 48.68 11,595 47.37
Male 12,997 52.61 117 51.32 12,880 52.63
Race 0.071 †

White 18,664 75.55 189 82.89 18,475 75.49
Black 3538 14.32 24 10.53 3514 14.35
Asian/Pacific Islander 2272 9.20 13 5.70 2259 9.23
American Indian/Alaska
Native 229 0.93 2 0.88 227 0.93

Histologic subtype 0.023 †

Adenocarcinoma 21,163 87.49 202 88.60 21,411 87.48
Mucinous
adenocarcinoma 1876 7.59 8 3.51 1868 7.63

Large-cell neuroendocrine
carcinoma 529 2.14 7 3.07 522 2.13

Others 685 2.78 11 4.82 674 2.75
Tumor size (mm) 0.246 ¥

Median (IQR) 51 (40–70) 55 (40–70) 51 (40–70)
T score <0.001 †

T1 1055 4.27 15 6.58 1040 4.25
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Table 1. Cont.

Characteristics

All Sample
(n = 24,703)

Brain
Metastases

(n = 228)

Other
Metastases
(n = 24,475) p-Value

n % n % n %

T2 690 2.79 16 7.02 674 2.75
T3 12,097 48.97 107 46.93 11,990 48.99
T4 10,861 43.97 90 39.47 10,771 44.01
N score 0.048 †

N0 4556 18.44 55 24.12 4501 18.39
N1 9454 38.27 74 32.46 9380 38.32
N2 10,693 43.29 99 43.42 10,594 43.28
Histologic grade 0.154 †

Well-differentiated 1214 4.91 12 5.26 1202 4.91
Moderately differentiated 15,980 64.69 132 57.89 15,848 64.75
Poorly differentiated 6340 25.67 69 30.26 6271 25.62
Undifferentiated 1169 4.73 15 6.59 1154 4.72
Primary tumor site 0.294 †

Right colon 4240 17.16 49 21.49 4191 17.12
Left colon 10,017 40.55 81 35.53 9936 40.60
Transverse colon 1797 7.27 14 6.14 1783 7.28
Cecum 5416 21.92 50 21.93 5366 21.92
Rectum 3233 13.09 34 14.91 3199 13.08
Brain metastases
No/unknown 24,475 99.08 - - - -
Yes 228 0.92 - - - -
Liver metastases <0.001 †

No/unknown 7474 30.26 122 53.51 7352 30.04
Yes 17,229 69.74 106 46.49 17,123 69.96
Lung metastases <0.001 †

No/unknown 20,063 81.22 139 60.96 19,924 81.41
Yes 4640 18.78 89 39.04 4551 18.59
Bone metastases <0.001 †

No/unknown 23,859 96.58 185 81.14 23,674 96.73
Yes 844 3.42 43 18.86 801 3.27
Number of metastatic
sites <0.001 †

Only one site 21,940 88.82 176 77.19 21,764 88.92
Two sites 2088 8.45 20 8.77 2068 8.45
Three sites or more 675 2.73 32 14.04 643 2.63
Vital Status <0.001 †

Alive 5546 22.45 23 10.09 5523 22.57
Died 19,157 77.55 205 89.91 18,952 77.43
Follow-up (years) <0.001 ¥

Median (IQR) 1.42 (0.5–2.92) 0.46 (0.17–1.25) 1.42 (0.5–2.92

SD: standard deviation; IQR: interquartile range. † Chi-squared test; ‡ T Student test; ¥ U Mann–Whitney test.

Factors associated with the presence of BM at diagnosis in adults with mCRC are
presented in Table 2. Average-onset mCRC was associated with an increased risk of
presenting with BM (OR: 1.81, 95% CI: 1.18–2.78, p = 0.006) when compared to early-
onset mCRC, as was having three or more sites of metastasis (OR: 6.71, 95% CI: 4.52–9.94,
p < 0.001). In contrast, mucinous adenocarcinoma as the histological subtype was associated
with a decreased risk of presenting with BM at the time of the initial CRC diagnosis
(OR: 0.48, 95% CI: 0.24–0.98, p = 0.043).

Table 3 shows factors associated with all-cause mortality in adults with mCRC and
BM at diagnosis. It was found that Asians/Pacific Islanders (HR: 1.83, 95% CI: 1.01–3.33,
p = 0.045) and American Indians/Alaska Natives (HR: 4.79, 95% CI: 1.15–19.97, p = 0.032)
had higher mortality compared to the white population. However, these results should be
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interpreted with caution due to the small sample size of American Indians/Alaska Natives
(n = 2). Surgical treatment was associated with decreased mortality (HR: 0.49, 95% CI:
0.33–0.72, p < 0.001), as was chemotherapy (HR: 0.35, 95% CI: 0.26–0.48, p < 0.001). The
Kaplan–Meier survival curve (Figure 1) comparing mortality rates between patients with
brain metastases and those without reveals a statistically significant difference (p < 0.001).
This demonstrates that patients with mCRC who present with brain metastases have
significantly poorer overall survival compared to those without brain metastases. The
median OS in patients with BM was 6 months compared to 21 months in patients without
BM (p < 0.001).

Table 2. Factors associated with the presence of brain metastasis at diagnosis in adults with metastatic
colorectal cancer.

Exposure
Crude Model a Adjusted Model a,b

OR 95% CI p-Value OR 95% CI p-Value

Age (years)
<50 Ref. - - Ref. - -
≥50 1.84 1.21–2.82 0.005 1.81 1.18–2.78 0.006
Sex
Female Ref. - - Ref. - -
Male 0.95 0.73–1.23 0.694 0.92 0.71–1.20 0.536
Race
White Ref. - - Ref. - -
Black 0.67 0.44–1.02 0.063 0.66 0.43–1.01 0.054
Asian/Pacific Islander 0.56 0.32–0.99 0.045 0.58 0.33–1.03 0.060
American Indian/Alaska
Native 0.86 0.21–3.49 0.834 0.82 0.20–3.36 0.786

Histologic subtype
Adenocarcinoma Ref. - - Ref. - -
Mucinous
adenocarcinoma 0.45 0.22–0.92 0.029 0.48 0.24–0.98 0.043

Large-cell
neuroendocrine
carcinoma

1.42 0.67–3.03 0.364 1.24 0.57–2.70 0.583

Others 1.73 0.94–3.19 0.079 1.79 0.97–3.33 0.065
T score
T1 Ref. - -

Not evaluated †T2 1.65 0.81–3.35 0.170
T3 0.62 0.36–1.07 0.084
T4 0.58 0.33–1.00 0.052
N score
N0 Ref. - - Ref. - -
N1 0.65 0.45–0.92 0.014 0.69 0.48–1.01 0.051
N2 0.76 0.55–1.06 0.113 0.81 0.57–1.16 0.259
Histologic grade
Well-differentiated Ref. - -

Not evaluated ‡Moderately differentiated 0.83 0.46–1.51 0.550
Poorly differentiated 1.10 0.60–2.04 0.757
Undifferentiated 1.31 0.61–2.79 0.498
Number of metastatic
sites
Only one site Ref. - - Ref. - -
Two sites 1.20 0.75–1.90 0.450 1.27 0.79–2.03 0.316
Three sites or more 6.15 4.19–9.04 <0.001 6.71 4.52–9.94 <0.001

OR: odds ratio; 95% CI: 95% confidence interval. a Logistic regression model. b Adjusted for age, sex, race,
histologic subtype, N score, and number of metastatic sites. † Variables that did not enter the adjusted regression
model because they presented collinearity with other variables. ‡ Variables that did not enter the adjusted
regression model because they showed a p-value > 0.05 in the crude regression model.
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Figure 1. Overall survival of individuals with colorectal cancer and brain metastases compared to
other metastatic sites at diagnosis.

Table 3. Factors associated with all-cause mortality in adults with colorectal cancer and brain
metastasis at diagnosis.

Exposure
Crude Model a Adjusted Model a,b

HR 95% CI p-Value HR 95% CI p-Value

Age (years)
<50 Ref. - - Ref. - -
≥50 1.58 1.01–2.46 0.045 1.36 0.84–2.20 0.204
Sex
Female Ref. - -

Not evaluated †
Male 0.96 0.73–1.26 0.771
Race
White Ref. - - Ref. - -
Black 1.11 0.71–1.74 0.641 1.30 0.82–2.06 0.256
Asian/Pacific Islander 1.62 0.92–2.86 0.095 1.83 1.01–3.33 0.045
American Indian/Alaska
Native 3.00 0.74–

12.18 0.120 4.79 1.15–
19.97 0.032

Histologic subtype

Not evaluated †
Adenocarcinoma Ref. - -
Mucinous
adenocarcinoma 0.89 0.44–1.82 0.751

Large-cell
neuroendocrine
carcinoma

1.35 0.63–2.88 0.434

Others 1.01 0.53–1.91 0.985
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Table 3. Cont.

Exposure
Crude Model a Adjusted Model a,b

HR 95% CI p-Value HR 95% CI p-Value

T score

Not evaluated †
T1 Ref. - -
T2 0.96 0.45–2.05 0.913
T3 0.74 0.40–1.35 0.324
T4 0.86 0.47–1.59 0.641
N score
N0 Ref. - - Ref. - -
N1 0.97 0.67–1.42 0.896 1.26 0.84–1.88 0.255
N2 1.11 0.78–1.58 0.557 1.26 0.85–1.86 0.250
Histologic grade
Well-differentiated Ref. - - Ref. - -
Moderately differentiated 1.48 0.75–2.92 0.258 1.11 0.55–2.25 0.770
Poorly differentiated 1.74 0.87–3.50 0.120 1.40 0.67–2.88 0.368
Undifferentiated 1.54 0.67–3.57 0.312 1.54 0.63–3.74 0.339
Surgical treatment
No/unknown Ref. - - Ref. - -
Yes 0.67 0.47–0.96 0.028 0.49 0.33–0.72 <0.001
Radiotherapy
No/unknown Ref. - - Ref. - -
Yes 0.72 0.54–0.94 0.018 0.90 0.67–1.21 0.491
Chemotherapy
No/unknown Ref. - - Ref. - -
Yes 0.35 0.26–0.47 <0.001 0.35 0.26–0.48 <0.001

HR: hazard ratio; 95% CI: 95% confidence interval. a Cox regression model. b Adjusted for age, race, N score,
histologic grade, surgical treatment, radiotherapy, and chemotherapy. † Variables that did not enter the adjusted
regression model because they showed a p-value > 0.05 in the crude regression model.

4. Discussion

Brain metastasis from colorectal cancer has been well-documented in the past, with
prevalence varying across studies [11,12]. This variability could be attributed to small
sample sizes in the studies. A systematic review reported that the incidence of brain
metastases from CRC is between 0.6% and 3.2%, identifying risk factors, such as young age,
lung metastases, rectal primary, and KRAS mutation [13]. Additionally, increased levels of
CEA at diagnosis have been associated with brain metastases [14]. To our knowledge, this
is one of the most recent population-based studies providing contemporary insights into
BM in metastatic colorectal cancer (mCRC) [15]. Our study highlights several important
aspects regarding brain metastasis in patients with metastatic colorectal cancer. The overall
prevalence of BM in our cohort was 0.90%, aligning with multiple studies [2,3,6,11,15].

We found that patients with average-onset mCRC are 84% more likely to present with
brain metastases at diagnosis when compared to early-onset mCRC. The lower risk of
brain metastasis observed in early-onset mCRC (<50 years) compared to average-onset
mCRC (≥50 years) is particularly noteworthy, which may suggest underlying biological or
molecular distinctions between early-onset and average-onset mCRC. Molecular distinc-
tions between the two have been shown, with a study indicating a KRAS mutation rate of
1% in early-onset CRC compared to 32% in average-onset CRC [16]. This mutation was
previously associated with an increased risk of BM in mCRC [4,17]. Furthermore, we found
that having three or more sites of metastasis had an OR of 6.71 for presenting with BM when
compared to having only one site, which has been shown in prior studies [3,4,11,15,17].

Additionally, we found that mucinous carcinoma is associated with a 52% lower risk
of brain metastasis compared to adenocarcinoma of the colon. This observation has not
been reported in the previous literature. Mucinous carcinoma has been shown to result
in metastatic disease more frequently and to involve multiple metastatic sites compared
to adenocarcinoma patients. However, previous studies have not identified a statistically
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significant difference in the risk of brain metastasis among different histological types [18].
This finding suggests that while mucinous carcinoma may lead to extensive metastatic
spread, it appears to have a lower propensity for metastasizing to the brain specifically.
Further research is needed to understand the underlying mechanisms and potential clinical
implications of this distinction.

The overall survival (OS) indicates that the presence of brain metastases (BMs) in
metastatic colorectal cancer (mCRC) doubles the mortality rate, leading to a worse prog-
nosis. It has been found that 33% of patients with colorectal cancer (CRC) will develop
metastases at presentation or during follow-up [19], and that the 5-year relative OS for
patients with mCRC is approximately 15% [20]. The OS for BM in mCRC reported in other
studies shows an average of 4 months (ranging from 1 to 13 months) [21]. Other research
reports a median OS of up to 7 months, with one-year and two-year OS rates of 19.05% and
9.52%, respectively [22]. Similarly, our study found that the median OS in patients with BM
was 6 months compared to 21 months in patients without BM (p < 0.001). These findings
underscore the critical need for early detection and targeted treatment strategies for BM
in mCRC patients. The stark difference in OS between patients with and without BM
highlights the aggressive nature of brain metastases and their impact on patient outcomes,
hence the importance of prompt diagnosis and treatment in these patients.

Furthermore, the use of unimodal treatment has an average OS of less than 4 months,
while multimodal treatments can increase it to up to 11 months [7]. Given that the
blood–brain barrier limits the effectiveness of systemic chemotherapy, local treatment
options, such as stereotactic radiosurgery (SRS), are necessary. In recent years, the utility of
immunotherapy has been demonstrated in various studies in patients with brain metastases
in different types of cancer, such as melanoma, breast cancer, and lung cancer [23,24].

Currently, guidelines for routine screening for brain metastases in CRC patients are
not well-established [3], partly due to the relatively low incidence of BM in this population.
However, our findings suggest that specific high-risk groups, such as patients with average-
onset mCRC and those with multiple metastatic sites, might benefit from more vigilant
surveillance for brain metastases. Incorporating targeted screening protocols for these high-
risk populations could potentially lead to earlier detection and improved management of
brain metastases, ultimately enhancing patient outcomes. Further studies are warranted to
develop and validate such screening guidelines, thus ensuring they are both cost-effective
and clinically beneficial.

This study has several limitations that should be acknowledged. First, as with any
retrospective study, the ability to establish causality is inherently limited. The data were
extracted from the SEER database, which, while comprehensive, may not capture all
relevant clinical variables, such as neurological symptoms at the time of diagnosis. This
omission could lead to residual confounding, as unmeasured factors might influence
the observed associations. Another limitation is the potential for selection bias, as our
analysis was restricted to patients with documented brain metastases (BMs) at the time
of metastatic colorectal cancer (mCRC) diagnosis. This approach excludes patients who
may develop BM later (metachronous BM), potentially limiting the generalizability of our
findings. Additionally, some subgroups within our study population, such as American
Indians/Alaska Natives, had small sample sizes, which hinders the extrapolation of these
findings to the broader population.

Furthermore, this study lacks epidemiological data on KRAS mutations within the
population, an important factor in understanding the genetic underpinnings of BM in
mCRC. The limited availability of information and clinical trials specific to the management
of BM in CRC further constrains the ability to compare our findings with established
management guidelines. Despite these limitations, this study provides a valuable character-
ization and evaluation of the overall survival (OS) of patients with BM in mCRC, offering
insights that could inform future research and clinical practice.

Building on the findings of this study, several areas for future research warrant at-
tention. First, prospective studies are needed to validate the clinical predictors of brain
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metastasis (BM) identified in this study. Such studies could help establish more defini-
tive causal relationships and provide a basis for developing risk-stratification tools for
patients with metastatic colorectal cancer (mCRC). Future research should also focus on
the inclusion of genetic and molecular data, particularly concerning KRAS and other rel-
evant mutations, to better understand the genetic predisposition to BM in CRC patients.
Integrating genomic information with clinical predictors could lead to the development of
personalized screening protocols, enabling earlier detection and intervention.

Given the poor prognosis associated with BM in mCRC, studies exploring novel thera-
peutic approaches, such as targeted therapies or combination regimens that can penetrate
the blood–brain barrier, are crucial. Additionally, clinical trials designed specifically for
patients with CRC and BM are needed to evaluate the efficacy of these treatments and to
establish evidence-based guidelines.

Lastly, research should also explore the disparities in BM incidence and outcomes
among different racial and ethnic groups. Understanding these disparities could inform
more equitable treatment approaches and potentially guide revisions to clinical guidelines
to ensure they are inclusive of diverse patient populations.

5. Conclusions

Brain metastases (BMs) in metastatic colorectal cancer (mCRC) are typically detected
in advanced and disseminated stages, resulting in poor prognosis and low overall sur-
vival (OS). Currently, there are no guidelines recommending routine screening for brain
metastases in colorectal cancer patients. Our study highlights the critical factors associated
with the presence of BM in mCRC patients and emphasizes the poor OS. Novel treatments,
such as immune checkpoint inhibitors, have shown promising results in treating brain
metastases in various cancers, underscoring the importance of including patients with
brain metastases in clinical trials. These findings highlight the need for greater clinical
awareness, early detection, and personalized therapeutic strategies to improve outcomes,
treatment, and survival in this high-risk population.

Author Contributions: Conceptualization, A.J.-Y. and S.P.-N.; methodology, A.J.-Y., L.V.-H. and
J.K.B.-M.; software, A.J.-Y. and J.K.B.-M.; validation, A.J.-Y.; formal analysis, A.J.-Y. and J.K.B.-M.;
resources, L.V.-H.; data curation, A.J.-Y., L.V.-H., J.K.B.-M. and S.P.-N.; writing—original draft,
A.J.-Y., L.V.-H. and S.P.-N.; visualization, A.J.-Y. and S.P.-N.; supervision, L.V.-H. and S.P.-N.; project
administration, S.P.-N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: This is a retrospective study, and informed consent was not necessary
due to there being no interaction with the subjects involved.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Siegel, R.L.; Wagle, N.S.; Cercek, A.; Smith, R.A.; Jemal, A. Colorectal cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 233–254.

[CrossRef]
2. Cagney, D.N.; Martin, A.M.; Catalano, P.J.; Redig, A.J.; Lin, N.U.; Lee, E.Q.; Wen, P.Y.; Dunn, I.F.; Bi, W.L.; Weiss, S.E.; et al.

Incidence and prognosis of patients with brain metastases at diagnosis of systemic malignancy: A population-based study. Neuro
Oncol. 2017, 19, 1511–1521. [CrossRef]

3. Muller, S.; Kohler, F.; Hendricks, A.; Kastner, C.; Borner, K.; Diers, J.; Lock, J.F.; Petritsch, B.; Germer, C.T.; Wiegering, A. Brain
Metastases from Colorectal Cancer: A Systematic Review of the Literature and Meta-Analysis to Establish a Guideline for Daily
Treatment. Cancers 2021, 13, 900. [CrossRef]

4. Christensen, T.D.; Palshof, J.A.; Larsen, F.O.; Hogdall, E.; Poulsen, T.S.; Pfeiffer, P.; Jensen, B.V.; Yilmaz, M.K.; Christensen, I.J.;
Nielsen, D. Risk factors for brain metastases in patients with metastatic colorectal cancer. Acta Oncol. 2017, 56, 639–645. [CrossRef]
[PubMed]

https://doi.org/10.3322/caac.21772
https://doi.org/10.1093/neuonc/nox077
https://doi.org/10.3390/cancers13040900
https://doi.org/10.1080/0284186X.2017.1290272
https://www.ncbi.nlm.nih.gov/pubmed/28447565


Med. Sci. 2024, 12, 47 10 of 10

5. Hu, Z.; Ding, J.; Ma, Z.; Sun, R.; Seoane, J.A.; Scott Shaffer, J.; Suarez, C.J.; Berghoff, A.S.; Cremolini, C.; Falcone, A.; et al.
Quantitative evidence for early metastatic seeding in colorectal cancer. Nat. Genet. 2019, 51, 1113–1122. [CrossRef]

6. Shindorf, M.L.; Jafferji, M.S.; Goff, S.L. Incidence of Asymptomatic Brain Metastases in Metastatic Colorectal Cancer. Clin.
Colorectal Cancer 2020, 19, 263–269. [CrossRef]

7. Lu, X.; Cai, Y.; Xia, L.; Ju, H.; Zhao, X. Treatment modalities and relative survival in patients with brain metastasis from colorectal
cancer. Biosci. Trends 2019, 13, 182–188. [CrossRef] [PubMed]

8. Suh, J.H.; Kotecha, R.; Chao, S.T.; Ahluwalia, M.S.; Sahgal, A.; Chang, E.L. Current approaches to the management of brain
metastases. Nat. Rev. Clin. Oncol. 2020, 17, 279–299. [CrossRef]

9. Katano, A.; Yamashita, H. Brain metastasis: Recent treatment modalities and future-perspectives. Oncol. Lett. 2022, 23, 191.
[CrossRef]

10. Singh, K.; Saxena, S.; Khosla, A.A.; McDermott, M.W.; Kotecha, R.R.; Ahluwalia, M.S. Update on the Management of Brain
Metastasis. Neurotherapeutics 2022, 19, 1772–1781. [CrossRef]

11. Nozawa, H.; Ishihara, S.; Kawai, K.; Sasaki, K.; Murono, K.; Otani, K.; Nishikawa, T.; Tanaka, T.; Kiyomatsu, T.; Hata, K.; et al.
Brain Metastasis from Colorectal Cancer: Predictors and Treatment Outcomes. Oncology 2017, 93, 309–314. [CrossRef] [PubMed]

12. Gao, Z.; Jin, X.; Wu, S. Clinical features and prognostic factors of brain metastases from colorectal cancer: A single center
experience. Int. J. Colorectal Dis. 2023, 38, 198. [CrossRef] [PubMed]

13. Christensen, T.D.; Spindler, K.L.; Palshof, J.A.; Nielsen, D.L. Systematic review: Brain metastases from colorectal cancer—Incidence
and patient characteristics. BMC Cancer 2016, 16, 260. [CrossRef]

14. Higashiyama, M.; Kodama, K.; Higaki, N.; Takami, K.; Murata, K.; Kameyama, M.; Yokouchi, H. Surgery for pulmonary
metastases from colorectal cancer: The importance of prethoracotomy serum carcinoembryonic antigen as an indicator of
prognosis. Jpn. J. Thorac. Cardiovasc. Surg. 2003, 51, 289–296. [CrossRef] [PubMed]

15. Chen, Q.; He, L.; Li, Y.; Zuo, C.; Li, M.; Wu, X.; Pu, C.; Xu, X.; Tang, R.; Xiong, Y.; et al. Risk Factors on the Incidence and
Prognostic Effects of Colorectal Cancer With Brain Metastasis: A SEER-Based Study. Front. Oncol. 2022, 12, 758681. [CrossRef]
[PubMed]

16. Hamilton, A.C.; Bannon, F.J.; Dunne, P.D.; James, J.; McQuaid, S.; Gray, R.T.; Salto-Tellez, M.; Cardwell, C.R.; Loughrey, M.B.;
Coleman, H.G. Distinct Molecular Profiles of Sporadic Early-Onset Colorectal Cancer: A Population-Based Cohort and Systematic
Review. Gastro Hep Adv. 2022, 2, 347–359. [CrossRef]

17. Zang, Y.W.; Gu, X.D.; Xiang, J.B.; Chen, Z.Y. Brain metastases from colorectal cancer: Microenvironment and molecular
mechanisms. Int. J. Mol. Sci. 2012, 13, 15784–15800. [CrossRef]

18. Hugen, N.; van de Velde, C.J.H.; de Wilt, J.H.W.; Nagtegaal, I.D. Metastatic pattern in colorectal cancer is strongly influenced by
histological subtype. Ann. Oncol. 2014, 25, 651–657. [CrossRef] [PubMed]

19. Vayrynen, V.; Wirta, E.V.; Seppala, T.; Sihvo, E.; Mecklin, J.P.; Vasala, K.; Kellokumpu, I. Incidence and management of patients
with colorectal cancer and synchronous and metachronous colorectal metastases: A population-based study. BJS Open 2020, 4,
685–692. [CrossRef] [PubMed]

20. Data, S. Cancer Stat Facts: Colorectal Cancer. SEER 18 2022. Available online: https://seer.cancer.gov/statfacts/html/colorect.
html (accessed on 28 August 2024).

21. Damiens, K.; Ayoub, J.P.; Lemieux, B.; Aubin, F.; Saliba, W.; Campeau, M.P.; Tehfe, M. Clinical features and course of brain
metastases in colorectal cancer: An experience from a single institution. Curr. Oncol. 2012, 19, 254–258. [CrossRef]

22. Li, W.; Wang, T.; Zhu, Y.; Yu, H.; Ma, L.; Ding, Y.; Hong, G.; Lei, D. Brain metastasis from colorectal cancer: Treatment, survival,
and prognosis. Medicine 2022, 101, e30273. [CrossRef] [PubMed]

23. Brozos-Vazquez, E.M.; Rodriguez-Lopez, C.; Cortegoso-Mosquera, A.; Lopez-Landrove, S.; Muinelo-Romay, L.; Garcia-Gonzalez,
J.; Lopez-Lopez, R.; Leon-Mateos, L. Immunotherapy in patients with brain metastasis: Advances and challenges for the treatment
and the application of circulating biomarkers. Front. Immunol. 2023, 14, 1221113. [CrossRef] [PubMed]

24. Ahmad, A.; Khan, P.; Rehman, A.U.; Batra, S.K.; Nasser, M.W. Immunotherapy: An emerging modality to checkmate brain
metastasis. Mol. Cancer 2023, 22, 111. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41588-019-0423-x
https://doi.org/10.1016/j.clcc.2020.09.002
https://doi.org/10.5582/bst.2019.01044
https://www.ncbi.nlm.nih.gov/pubmed/31061271
https://doi.org/10.1038/s41571-019-0320-3
https://doi.org/10.3892/ol.2022.13311
https://doi.org/10.1007/s13311-022-01312-w
https://doi.org/10.1159/000478661
https://www.ncbi.nlm.nih.gov/pubmed/28700994
https://doi.org/10.1007/s00384-023-04451-4
https://www.ncbi.nlm.nih.gov/pubmed/37466736
https://doi.org/10.1186/s12885-016-2290-5
https://doi.org/10.1007/BF02719380
https://www.ncbi.nlm.nih.gov/pubmed/12892459
https://doi.org/10.3389/fonc.2022.758681
https://www.ncbi.nlm.nih.gov/pubmed/35372090
https://doi.org/10.1016/j.gastha.2022.11.005
https://doi.org/10.3390/ijms131215784
https://doi.org/10.1093/annonc/mdt591
https://www.ncbi.nlm.nih.gov/pubmed/24504447
https://doi.org/10.1002/bjs5.50299
https://www.ncbi.nlm.nih.gov/pubmed/32543788
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html
https://doi.org/10.3747/co.19.1048
https://doi.org/10.1097/MD.0000000000030273
https://www.ncbi.nlm.nih.gov/pubmed/36221357
https://doi.org/10.3389/fimmu.2023.1221113
https://www.ncbi.nlm.nih.gov/pubmed/38022574
https://doi.org/10.1186/s12943-023-01818-7
https://www.ncbi.nlm.nih.gov/pubmed/37454123

	Introduction 
	Methods 
	Population 
	Study Design and Primary Outcome 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

