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Purpose: This study aimed to analyze clinicopathological, survival, prognostic factors, as
well as the timing of brain metastases (BM) in colorectal cancer (CRC) using data from
a Chinese center.

Patients and Methods: Data of 65 consecutive CRC patients with BM were collected from
a single institution in China. The time from primary tumor surgery to the occurrence of BM
was calculated. Kaplan-Meier analysis was used to evaluate cumulative survival of patients.
Factors associated with prognosis of overall survival (OS) were explored using Cox’s
proportional hazard regression models.

Results: The median time interval from CRC surgery to the diagnosis of BM was 24
months. After diagnosis of BM, median OS values for patients were 11 months.
Extracranial metastases occurred in 45 cases (69.2%) when BM was diagnosed, and 58.5%
of these patients with lung metastases Time of BMs (P=0.018), presence of extracranial
metastases (P=0.033), treatment (P=0.003), CA199 (P=0.034), CA125 (P<0.001), CA242
(P=0.018), and CA211 (P=0.012) were associated with OS of patients through univariate
analysis. Multivariate analysis using a Cox regression model showed that only treatment was
an independent predictor for OS (conservative treatment; HR=1.861, 95% CI=1.077-3.441;
P=0.048).

Conclusion: Surgical treatment of metastatic lesions may be an alternative choice for CRC
patients with BM. Identifying the timing of brain metastases can help to detect this disease
early, leading to a better survival outcome.
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Introduction
Colorectal cancer (CRC) is the third most common cancer type in both males and
females and the second leading cause of cancer-related death worldwide.'
According to the 2018 China Cancer Statistics Report, the mortality rate of CRC
in China ranks the fifth among all malignant tumors, with 191,000 deaths.” Previous
studies report that the incidence of brain metastases (BM) in CRC is 1-3% and has
been increasing in recent decades due to the progression of the diagnosis pathway.’
Although BM is much less frequent in CRC than other common metastatic targets
such as the liver, lung, or peritoneum, BM is considered an end-stage disease with
extremely low survival rates (median OS of 3—6 months).*

Cranial imaging is not a routine examination recommended by National
Comprehensive Cancer Network (NCCN) guidelines for CRC to detect BM at early
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stage. Neurological examination is performed when patients
show neurological symptoms which normally presented at
a later stage.” Therefore, BM detection before the onset of
neurological symptoms could lead to a more effective treat-
ment, higher quality-of-life, and better prognosis. However,
little is known about the appropriate time to monitor brain
lesions, so it is still a problem for a timely BM detection for
CRC patients.

Whole brain radiotherapy (WBRT) and chemotherapy
were standard therapeutic modalities administered to pal-
liate neurologic symptoms. Unfortunately, they did not
improve the prognosis of these patients (the survival rate
ranges from 2.2-4 months).*’ Patients achieved notable
survival benefits (median OS of 6—10 months) after under-
going metastasectomy of BM compared with palliative
treatment.”* However, to the best of our knowledge, few
studies reported the survival predictors of metastasectomy
of BM. Therefore, it is necessary to investigate parameters
related to the presentation and outcome of patients with
BM from CRC.

Data used in this study were retrieved from a single center
in China. Data were used to evaluate clinicopathological,
survival, and prognostic factors for CRC patients with BM.
In addition, the time interval for BM occurrence was ana-
lyzed, which would help the follow-up monitoring and early
diagnosis of BM from CRC in the future. This study’s find-
ings will provide information and treatment strategies for
clinicians, and serve as a basis for further research.

Materials and Methods

Patients

This study included 65 consecutive CRC patients present-
ing with BM from January 2009 to December 2019 in the
Second Affiliated Hospital of Zhejiang University School
of Medicine, which is a large center with over 1,000 CRC
cases per year in China. All patients were diagnosed with
CRC pathologically and BM was confirmed by radiologic
imaging. Follow-ups were carried out for all patients in the
outpatient unit approximately 2 weeks after treatment, and
at least every 3 months for 2 years, then every 6 months
after the first 2 years. CT or MRI scans of the brain,
abdomen, pelvis, and thorax were assessed at each follow-
up visit. The study was approved by the Institutional
Review Board of the Second Affiliated Hospital of
Zhejiang University School of Medicine and conducted
according to the Declaration of Helsinki. All patients
included in the study provided signed informed consent.

Study Design

BM patients were divided into two groups to compare
surgery vs non-surgery treatment options. Demographic
data, Characteristics of BM, treatment strategy, and survi-
val were collected and analyzed.

Statistical Analysis

Overall survival (OS) was defined as the period between
the date patients were diagnosed with BM to the last
known date of follow-up or date of death. Cumulative
survival was evaluated by Kaplan-Meier analysis.
Differences in survival curves between groups of patients
were assessed using the Log rank test. Significant factors
associated with prognosis of overall survival (OS) in uni-
variate analysis were included in multivariate analyses.
Multivariate analyses were performed using Cox’s propor-
tional hazard regression models to identify factors asso-
ciated with OS. A two-sided P-value <0.05 was considered
statistically significant. All analyses were performed in
IBM SPSS Statistics for Version 25.0.

Armonk, NY: IBM Corp.

Windows,

Results

Clinicopathologic Features

A total of 65 CRC patients diagnosed with BM from
January 2009 to December 2019 in our cancer center
this study. The flowchart of
patients included in this study is shown in Figure 1.

were included in
The median age of patients was 63 (37-72) years old
and 55.4% of the patients were more than 60 years old,
6.2% of patients presented with simultaneous BM and
most primary cancers with BM were in rectal cancer
(n=41, 63.1%). Extra-brain metastases occurred in 45
patients, among who 38 were lung metastases (58.5%)
and 11 liver metastases (16.9%). BM with maximal
dimension less than 3 cm accounted for 50.8% and
patients diagnosed with BM in our center mainly presented
with Supratentorial BM and Combinational BM (43.1%
and 43.1%, respectively). The number of brain lesions was
single in 37 patients (56.9%). CEA was positive in 53.8%
of patients, on the contrary, more than half of the patients
have a negative tumor marker including CA199, CA125,
CA242, or CA211 (63.1%, 73.8%, 66.2%, or 64.6%,
respectively). A total of 28 patients underwent surgery
for BM in our center. Nine patients who underwent sur-
gery have a recurrence of BM. Demographic and histolo-
gic data of patients were summarized in Table 1.
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CRC patients with BM:

n=65

Patients with Surgery of BM:

n=28

Patients without Surgery of BM:
n=37

Several surgery of BM: Only one surgery of BM:
n=5 n=23
Figure | A flowchart of patients included in this study.
Timing of BM Occurrence Discussion

The median time interval from diagnosing CRC to BM
was 24 months (Figure 2). Among them, 32.3% of the BM
occurred within the first year after surgery of primary
tumor, 49.2% in the first 2 years, 70.8% in the first 3 years.

Survival Outcomes
Median OS for all patients was 7 months, with overall 1- and
3-year survival rates 0of 27.5% and 7.8%, respectively. A total
of 37 patients rejected surgery after BM diagnosis. Median
OS for the 37 patients was 4 months compared with 11
months of patients who underwent surgery (Figure 3).
Analysis of predictors using Kaplan-Meier method
showed that time of BMs (P=0.018), presence of extra-
cranial metastases (P=0.033), treatment (P=0.003), CA199
(P=0.034), CA125 (P<0.001), CA242 (P=0.018), and
CA211 (P=0.012) were significantly associated with OS
(Table 2). However, sex, primary cancer, location of BM,
or the number of brain lesions were not correlated with
survival time. Factors with a P-value less than 0.05 were
used for multivariable analysis, and only conservative
management was identified as an independent predictor
for poorer OS (Conservative treatment; HR=1.884, 95%
CI=1.077-3.296; P<0.001) (Table 2, Figure 3).

BM affects young patients, develops rapidly, and is con-
sidered as the worst prognostic. Therefore, it is necessary
to develop effective treatment for BM patients. Quan et al’
investigated the influence of different treatments on CRC
patients with BM, concluding that patients who underwent
surgery with or without radiotherapy have more prolonged
survival (OS=17 months) than radiotherapy only (OS=7
months). Other researchers also concluded that aggressive
intervention was associated with a better prognosis of
CRC patients with BM.'® In this study, median OS for
CRC patients in the BM group who underwent surgery
was 11 months, compared with a median OS of 4 months
for patients receiving palliative treatment. However, we
did not analyze the difference between surgery with or
without radiotherapy due to the fact that only seven
patients received surgery combined with radiotherapy.
Previous studies have reported controversial results on
surgery combined with radiotherapy for CRC patients
with BM."" Some surgeons recommend surgery combined
with radiotherapy as it improves CRC patient survival
better than surgery only, and others found no differences
between the two treatments.'*'* Prospective studies
including more samples should be carried out to assess
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Table | Demographic Characteristics of Patients

Table | (Continued).

Variables N (%) Variables N (%)

Age (median) 63 (37-72) Al

Sex Negative 42 (64.6)

Female 24 (36.9) Positive 17 (26.2)
Male 41 (63.1) Unknown 6(9.2)

Primary cancer Treatment
Colon cancer 24 (36.9) Surgery 28 (43.1)

Rectal cancer 41 (63.1) Conservative 37 (56.9)

Synchronous vs metachronous BMs Recurrence
Synchronous BMs 4 (6.2) Yes 9 (13.8)
Metachronous BMs 61 (93.8) No 56 (86.2)

Extracranial metastasis Abbreviations: N, number; BM, brain metastasis; OM, ovarian metastasis.

Lung 38 (58.5)

Liver 11 (16.9) ) ) )
Bone 7 (108) treatments’ effectiveness and explore effective prognostic
PM 2 (3.1) factors for CRC patients with BM.

OM I (1.5) Previous studies have explored factors associated with
None 20 (30.8) prognosis of CRC patients with BM, including extracranial

Location of BM metastases, number of BMs, and treatment of BM;*1>:1¢
Supratentorial 28 (43.1) However, conclusions were varied among different studies."”
'"fra‘e.“m_”a' 9(13.8) The results of the current study showed that time of BMs,
Combinational 28 @) presence of extracranial metastases and treatment were sig-

Number of brain lesions nificantly associated with OS in univariate analyses, however,
: 37 (569) only treatment was the independent factor in multivariate
> 28 & analyses for prognosis of CRC patients with BM.

The maximal dimension of BM (cm) In this study, we analyzed the timing of BM occurrence,
<3 33 (50.8) and found that the median time interval from CRC surgery
> 32 (492) to BM was 24 months, similar to other studies.”'® The late

CEA manifestations of BM may be influenced by the develop-
PNCigI:I':e ;g gg:; ment of surgery and anticancer therapy and the blood—brain
Unknown 5(7.7)

CAI199 25 -

Negative 41 (63.1)
Positive 19 (29.2) 20 4
Unknown 5(7.7) g

CAI25 o
Negative 48 (73.8) 5
Positive 12 (18.5) g 101
Unknown 5(7.7) 4 s |

CA242
Negative 43 (66.2) 0 -

Positive 16 (24.6) <12 1324 2536 3748 49-60 >60
Unknown 6 (9.2) Time(month)
(Continued) Figure 2 Time interval from surgery of CRC to diagnosis of BM.
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Survival according to Surgery of BM
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Figure 3 Overall survival Kaplan-Meier curves for significant prognostic variables for CRC patients with OM who underwent surgery.

barrier (BBB).'?*° The mechanism of brain metastases is
multifactorial and extremely complex, BBB may be only
one point in the mechanism of BM. BBB stop cancer cells
invading because of the continuous tight junctions.?! On the
contrary, BBB lost the solid blocking effect on cancer cells
once BM occurs and anti-cancer drugs are too large to pass
the BBB. As a result, the brain becomes a kind of store-
house for metastatic cancer cells.

According to Kim et al,*>?*

patients with rectal cancer
have a higher tendency for BM. This is in accordance with
our study. The likely explanation may be the vascular
anatomy of the rectum and lung. BM from CRC occurs
at the late stage of the disease, and there is often a high
proportion of concurrent extracranial metastases.’’>*
Previous researchers investigated that the most concomi-
tant extracranial metastases at diagnosis of BM is lung
metastases (42.1-65%), followed by liver metastases
(30-44.7%), and bone metastases (12-21.2%).>> The
results of the current study show that 69.2% of all patients
had combined extracranial metastases. Among these extra-
cranial metastases, the lung was the most common loca-
tion (58.5%), consistent with previous studies.*® A few
authors also showed that patients with lung metastases
had a statistically significantly increased risk of BM.?’
According to previous investigations, the metastatic path-
way of BM from CRC may be cancer cells transfer to the
lung and thereafter the brain via a circulatory venous
system.'®?* Other scholars also investigated the direct
metastases from the primary to the brain via vertebral

plexus.m’28

Limitations

We analyzed the prognosis factors of CRC patients with BM
in our center, which can help provide information and treat-
ment strategies for clinicians, as well as promoting related
research. But limitations still exist. First, there is selection
bias in this retrospective study, for example, all patients in
our center received brain surgery, which means they are
potentially healthier than others who received nonsurgical
regimens. Second, it is a small sample size (only 65 CRC
patients with BM), which may restrict the reliability of the
conclusion. Third, we only focus on the effect of surgery of
BM. Limited details about chemotherapy and radiotherapy
are collected because of the unavailability of detailed medical
records from other institutions. Thus, we do not investigate if
radiation therapy would have affected survival outcome simi-
lar to surgery. These limitations can be against if employ
more patients in prospective study in the future. Studies
including more samples are urgently needed to assess the
effectiveness of these therapeutics and to reach a solid con-
clusion for the management of CRC patients with BM.

Conclusion

In summary, surgery for BM may be an effective and safe
treatment approach for CRC patients with BM. It’s helpful
to detect BM before the onset of neurological symptoms
through confirming the timing from primary tumor surgery
to BM. In addition, BM is coincident with lung metastases,
the mechanism of BM from CRC merits comprehensive
investigation and these potential targets might be a novel
approach in curing BM from CRC.
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Table 2 Univariate Analysis and Multivariate Analysis of Factors Associated with OS Using a Cox Regression Model for Patients Who

Underwent CRS in Our Center

Variables Univariate Analysis Multivariate Analysis
95% CI P-value 95% CI P-value
Age
<60
260 0.934 (0.565—1.546) 0.792
Sex
Female
Male 1.138 (0.872—-1.485) 0.342
Primary cancer
Colon cancer
Rectal cancer 1.562 (0.903-2.701) 0.111
Time of BMs
Synchronous BMs
Metachronous BMs 0.285 (0.100-0.810) 0.018 0.802 (0.231-2.783) 0.728
Extracranial metastasis
None
Yes 1.910 (1.054-3.460) 0.033 1.389 (0.709-2.720) 0.338
Location of BM
Supratentorial
Infratentorial 1.726 (0.767-3.888) 0.187
Combination 1.356 (0.789-2.329) 0.271
Number of brain lesions
|
2 1.105 (0.858-1.424) 0.440
The maximal dimension of BM (cm)
<3
>3 0.692 (0.410-1.166) 0.166
CEA
Negative
Positive 0.440 (0.161-1.199) 0.109
Unknown 0.786 (0.304-2.033) 0.620
CAI199
Negative
Positive 1.857 (1.048-3.293) 0.034 0.717 (0.233-2.205) 0.562
Unknown 1.972 (0.757-5.139) 0.165 I.164 (0.130-10.443) 0.892
CAI125
Negative
Positive 3.663 (1.817-7.386) <0.001 1.941 (0.719-5.244) 0.191
Unknown 2.076 (0.801-5.379) 0.133
CA242
Negative
Positive 2.066 (1.132-3.770) 0.018 1.344 (0.417-4.331) 0.620
Unknown 2.053 (0.846—4.983) 0.112 1.919 (0.246-14.969) 0.534
(Continued)
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Table 2 (Continued).
Variables Univariate Analysis Multivariate Analysis
95% CI P-value 95% ClI P-value
CA211
Negative
Positive 2.226 (1.191-4.160) 0.012 1.786 (0.846-3.771) 0.128
Unknown 2.088 (0.859-5.077) 0.104
Treatment
Surgery
Conservative 2.229 (1.323-3.757) 0.003 1.861 (1.007-3.441) 0.048

Notes: Statistically significant P-values are presented in bold. P-values that are not statistically significant are presented in italics.

Abbreviations: OS, overall survival; HR, Hazard Ratio; Cl, Confidence Interval.
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