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Summary

Standard treatment options for brain metastases (BM) from colorectal cancer (CRC) are
controversial. The purpose of this study was to evaluate the efficacy of multidisciplinary
treatment modalities and provide optimal therapeutic strategies for selected patients with
different clinical characteristics. All eligible patients diagnosed with BM from CRC during
the past two decades (1997-2016) were identified in our center. Clinical characteristics,
treatment modalities and relative survival were retrospectively analyzed. Median overall
survival after the identification of BM was 6 months. The 1- and 2- year survival rates
were 29.40% and 5.70%, respectively. On multivariate analysis, the number of BMs,
Karnofsky performance score and the treatment modalities were found to be independent
prognostic factors (the p-value was 0.006, 0.001 and < 0.001, respectively). In conclusion,
multidisciplinary treatment is supported to be the optimal treatment for patients with BM
from CRC. For patients with single brain metastases and KPS > 70, neurosurgery combined
with chemotherapy could provide an additional survival benefit. For patients with multiple
brain metastases or KPS < 70, radiotherapy plus chemotherapy may be appropriate.
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1. Introduction

Colorectal cancer (CRC) metastatic to the brain occurs
rarely and remains highly lethal in clinical practice.
The crude incidence of brain metastases (BM) from
CRC is 0.27%, while in metastatic colorectal cancer,
it increases to 1.36% (/). Besides, the occurrence rate
of asymptomatic BM has been observed to increase
simultaneously in past decades (2), which has been
attributed to the improvement of multimodality therapy
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to extend survival of CRC and novel diagnostic
radiographic techniques to detect small brain lesions
(3,4). Unfortunately, the prognosis for CRC patients
developed to BM is rather poor. Patients without any
therapeutic intervention will only have a survival
period of about 4 weeks after the occurrence of BM
(5). In the past, whole brain radiation therapy (WBRT)
and neurosurgery were usually used for the treatment
of brain metastases (6), but the effect of radiotherapy
or neurosurgery alone was unsatisfactory. Patients
who underwent WBRT alone had a median survival of
only 3-6 months (7,8), and the ability of neurosurgery
to improve survival in patients with BM is not as
effective as clinicians expected. Currently, the concept
of multidisciplinary treatment has been widely accepted
in the clinical diagnosis and treatment of CRC liver
metastasis and lung metastasis (9,/0), and proved that
multidisciplinary treatment could bring significant
survival benefits to those patients. Nevertheless, in
CRC patients with BM, the concept of multidisciplinary
treatment was not universal. The decision-making for
treatment modalities is still empirical in patients with
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BM, and the selection criteria of candidates for various
treatment models remains controversial. Therefore, the
aim of this study is to compare different treatments for
the patients with BM from CRC, then provide optimal
treatment modalities for selected patients with different
clinical characteristics.

2. Materials and Methods
2.1. Patients

We retrospectively analyzed 80 consecutive patients
diagnosed with BM from CRC in the Zhejiang Cancer
Hospital from Jan 1997 to Dec 2016. Brain metastatic
lesions were diagnosed and assessed using radiologic
imaging, such as brain CT or MRI scan. Clinical data
regarding age, gender, location of the primary tumor,
Karnofsky performance scale (KPS), and presence of
extracranial metastasis, synchronous or metachronous
metastasis, number of BM, location of BM, and
treatment modalities was reviewed. Synchronous
metastasis was defined as metastasis that occurred
within 12 months of diagnosis of the primary CRC;
Metachronous metastasis was defined as metastasis
that was noted more than 12 months after diagnosis
of the primary CRC. With regard to the location of
BM, patients were divided into two groups according
to bilobar distribution (unilateral and bilateral
cerebral lesions groups) or tentorium of cerebellum
(supratentorial lesions limited and infratentorial lesions
involved groups).

2.2. Treatment modalities

The treatment options for BM from CRC included
single treatment and multidisciplinary treatment. Single
treatment included neurosurgery, radiotherapy (i.e.
WBRT or SRS) or chemotherapy, and multidisciplinary
treatment included neurosurgery plus chemotherapy or
radiotherapy plus chemotherapy. Majority of patients
(50 cases) were treated with WBRT in 30 Gy delivered
at 3 Gy per fraction. The prescription isodose of SRS
ranged from 12 to 22 Gy. Sequential chemotherapy
with standard-dose of 5-fluorouracil-based regimens
(Folfox or Folfori) was recommended in 55 patients.
Sixteen metastatic CRC patients received additional
molecular targeted therapy after diagnosis of BM,
including cetuximab, bevacizumab, and regorafenib.
All treatment decisions were made with coordination
of experienced neurosurgeons, radiation and medical
oncologists based on the comorbidities, performance
status, availability of aggressive treatment and other
tumor-specific parameters.

2.3. Statistical analysis

Overall survival (OS) after diagnosis of BM was

measured from the date of dection of BM to the date
of death or last follow-up. Kaplan-Meier method was
performed to estimate OS curves. Potential predictors
with p value less than 0.1 in the univariate analysis
were entered into a backward stepwise Cox proportional
hazards regression model. All statistical analysis was
performed using SPSS statistical software version
19.0 (SPSS Inc., IBM Corporation, Chicago, IL). All
two-sided P values less than 0.05 were considered
statistically significant.

3. Results
3.1. Patients characteristics and Treatment modalities

A total of 80 patients with BM from CRC were enrolled
in this retrospective study. Table 1 summarizes clinical
and tumor characteristics of all included patients. The
majority of BM were male (52 patients, 65.00%) and
the average age at diagnosis of BM was 58.4 years.
Half of BM (50%) had poor performance status (KPS
< 70). Synchronous colorectal BM occurred in only 6
patients, and rectum was the most common primary site
for CRC metastatic to the brain. Majority of patients
(83.75%) presented with extracranial metastases and the
most common extracranial site was the lung, occupying
70.00% of all BM. Infratentorial metastatic lesions were
observed in 27 (33.75%) patients. In terms of treatment,
38 patients received only a single treatment, of which 4

Table 1. Demographic and tumor characteristics of
patients with colorectal brain metastases

Variable Patients, n (%)
Age

<60 50 (62.50)

> 60 30 (37.50)
Gender

Male 52 (65.00)

Female 28 (35.00)
Primary tumor location

Right-sided 9 (11.25)

Left-sided 21 (26.25)

Rectum 50 (62.50)
KPS

<70 40 (50.00)

>170 40 (50.00)
Metastases presentation

Synchronous 6 (7.50)

Metachronous 74 (92.50)
Number of BM

1 44 (55.00)

>2 36 (45.00)
Site of BM lesion

Supratentorial location limited 53 (66.25)

Infratentorial location involved 27 (33.75)

Extracranial metastases
No 13 (16.25)
Lung metastases 56 (70.00)
Other organ metastases 11 (13.75)

Abbreviation: KPS, Karnofsky performance scale; BM, Brain
metastases.
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(5.00%) patients underwent neurosurgery, 16 (20.00%)
patients received radiotherapy and 18 (22.50%) patients
received chemotherapy. The remaining 42 patients
received multidisciplinary treatment, including 15
patients who received neurosurgery plus chemotherapy
and 27 patients received radiotherapy plus chemotherapy
(Table 2).

3.2. Survival analyses
Four patients were lost to follow-up, 76 patients were
eventually included in the survival analysis. The median

overall survival (OS) was 6 months after diagnosis
of BM (range, 1-33 months). The 1-year OS rate and

Table 2. Treatment modalities for BM from CRC

Treatment modality NO. (%)
Single treatment 38 (47.50)

Neurosurgery only 4 (5.00)
Radiotherapy only 16 (20.00)
Chemotherapy only 18 (22.50)
Multidisciplinary treatment 42 (52.50)
Neurosurgery + Chemotherapy 15 (18.75)
Radiotherapy + Chemotherapy 27 (33.75)

Abbreviation: BM, brain metastases; CRC, colorectal cancer.

2-year OS rate were 29.40% and 5.70%, respectively.
Patients who received monotherapy had a median OS
of 4 months. Further analysis shows the median OS of
patients who underwent only neurosurgery, radiotherapy
and chemotherapy were 10 months, 3 months and
5 months respectively. Among the 16 patients who
received targeted therapy, the median OS of 10 patients
who used bevacizumab was 7.6 months. For patients
who received multidisciplinary treatment, the median OS
was 11 months. Univariate analysis showed KPS > 70 (p
< 0.001), Synchronous metastasis (p = 0.012), Isolated
BM lesions (p = 0.011) and multidisciplinary treatment
(p <0.001) were good prognostic factors. Multivariate
analysis shows that KPS > 70 (hazard ratio (HR) = 2.75,
p <0.001), Isolated BM lesions (HR = 2.00, p = 0.006)
and multidisciplinary treatment (HR = 0.37, p < 0.001)
were independent predictors of good prognosis (Table 3,
Figure 1).

The pattern of multidisciplinary treatment also led to
significant differences in prognosis in different patient
subgroups. Neurosurgery combined with chemotherapy
achieved a better prognosis than radiotherapy plus
chemotherapy (p = 0.03, Figure 2). In further subgroup
analysis, we observed the exact survival benefit in single
brain metastases group (neurosurgery plus chemotherapy
vs radiotherapy plus chemotherapy, p = 0.021, Figure

Table 3. Potential predictors for overall survival in patients with colorectal brain metastases

Univariate Multivariate
Variable
Median OS (95%CI, m) P Adjusted HR (95%CI) P

Overall 6 (4.4-7.6)
Age NA

<60 6(4.2-7.8)

> 60 7 (4.2-9.8) 0.905
Gender NA

Male 7 (5.4-8.6)

Female 5(3.4-6.6) 0.635
Primary tumor location NA

Right-sided 3(0.2-5.8)

Left-sided 9(3.9-14.1)

Rectum 6 (4.4-7.6) 0.266
KPS 1

>70 11 (5.2-16.8) 2.75 (1.60-4.74)

<70 4(2.6-5.4) <0.001 <0.001
Metastases presentation 1

Synchronous 22 (0.5-43.5) 2.16 (0.71-6.63)

Metachronous 6 (4.5-7.5) 0.012 0.177
Number of BM

1 9(5.8-12.2) 1

>2 5(3.6-6.4) 0.011 2.00 (1.21-3.29) 0.006
Site of BM lesion

Supratentorial location limited 6 (4.0-8.0) NA

Infratentorial location involved 6 (3.2-8.8) 0.608
Extracranial metastasis

No 7(2.3-11.7) NA

Yes 6(3.9-8.1) 0.278
Treatment modalities

Single treatment 4(2.3-5.7) 1

Multidisciplinary treatment 11 (6.8-15.2) <0.001 0.37 (0.22-0.64) <0.001

Abbreviation: OS, Overall survival; CI, Confidence interval; HR, Harzard ratio; BM, brain metastases; NA, Not available; KPS, Karnofsky

performance score.
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3) and in patients with KPS > 70 group (neurosurgery
combined with chemotherapy achieved a therapeutic
advantage, p = 0.029, Figure 4). For patients with
multiple brain metastases (> 2) or KPS < 70, there was
no significant difference between neurosurgery combined
with chemotherapy and radiotherapy plus chemotherapy
(Figure 5 and Figure 6).

4. Discussion

Brain metastases is the most common type of
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Figure 1. Comparison of survival curves of patients
with BM from CRC receiving single treatment and
multidisciplinary treatment.
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Figure 3. Comparison of survival curves of patients with
isolated brain metastatic lesions receiving neurosurgery
combined with chemotherapy and radiotherapy plus
chemotherapy.
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Figure 5. Comparison of survival curves of patients
with multiple brain metastatic lesions (> 2) receiving
neurosurgery combined with chemotherapy and
radiotherapy plus chemotherapy.

intracranial tumors of adults and has a 10-fold increased
incidence rate compared to primary brain tumors
(11). Although metastasis to the brain rarely occurs to
CRC patients with a prevalence rate of 0.60-3.20%, it
occupies 71.90-79.90% of brain metastases originating
from the gastrointestinal tract (/2,13). The development
of comprehensive treatment and the implementation of
multidisciplinary team decision-making have improved
the control of CRC (/4). Extended survival in patients
with liver or lung metastases may increase occurrence
rate of BM. In addition, the developing radiological
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Figure 2. Comparison of survival curves of patients with
BM from CRC receiving neurosurgery combined with
chemotherapy and radiotherapy plus chemotherapy.
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Figure 4. Comparison of survival curves of patients
with KPS > 70 receiving neurosurgery combined with
chemotherapy and radiotherapy plus chemotherapy.
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Figure 6. Comparison of survival curves of patients
with KPS < 70 receiving neurosurgery combined with
chemotherapy and radiotherapy plus chemotherapy.
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and metabolic imaging could also enhance the early
detection of BM lesions, especially in asymptomatic
patients (8,15).

We analyzed the clinical and pathological
information of our colorectal cancer patients with
BM, and found metachronous metastasis, lung
metastasis and primary tumor from rectal cancer have
a relationship with BM. As in previous reports (16), we
found metachronous metastatic disease is one important
risk factor for BM, however, despite the long survival
until development of BM, survival after diagnosis of
BM was only a median of 2.9 months (/7,18). Our
data also shows lung metastases and rectal cancer were
associated with BM, and the location of the primary
tumor may have a close relationship with the target
organ of metastasis (2,/9). These can be explained in
part by the vascular anatomy of the colon and rectum.
The colon drains mostly through the portal vein to the
liver and from there to the lung and other organs. The
rectum drains both through the portal and the cava vein
and more often seeds the lung before the liver, and
consequently the brain (20). Univariate analysis and
multivariate analysis of our study shows KPS > 70, and
isolated BM were regarded as independent prognostic
factors associated with good prognosis which is
consistent with previous studies (2,/9). Song found
females may have a longer survival time than males
(2,19). In our study we found a male predominance for
patients with BM (65.00%), but the gender was not an
independent factor for BM.

CRC metastatic to the brain is a highly lethal
condition warranting effective intervention (27),
whereas the standard treatment modality for BM
from CRC has not been established. Usually CRC-
BM have been regarded as a terminal event which
limited the development of treatment for colorectal
cancer brain metastasis (22,23). Previous views hold
that blood-brain barrier is considered to prevent most
chemotherapy drugs from entering the brain and
result in failure of chemotherapy in treatment of BM.
Conversely, Butowski maintained that biological
characteristics of BM tissue and its permeability kept
pace with the primary tumor, illustrating the absence
of essential conditions to form the blood-brain barrier
around metastatic lesions (24). Besides, imaging
examination showed that contrast agents could rapidly
enter the brain and enhanced metastatic lesions that
indicate CRC metastatic to the brain may change
permeability of the blood-brain barrier (25). Recently,
some studies show BM patients may benefit from target
therapy (26,27). Our data found median survival of
patients who received bevacizumab were 7.6 months,
longer than those who did not receive target therapy (5
months), indicating that antiangiogenic therapy might
be of value for BM patients.

Neurosurgery and radiotherapy (e.g. WBRT and
SRS) usually form the cornerstone of brain metastasis

treatment (/7,18,28). WBRT, the most common
treatment options for BM patients in past decades,
can palliate nervous system symptoms, reduce
recurrence risk and improve prognosis (29). External
radiotherapy is a realistic method for patients with
multiple intracranial lesions, poor performance status,
contraindications for neurosurgery and extensive
extracranial disease (30). WBRT only for patients
still had poor prognosis, with survival ranging from
2.2 months to 4 months (3/,32). Neurosurgery was
considered as effective therapy by some clinicians.
However, the survival of patients treated with
neurosurgery alone was only 9 months even in the
situation of patients with selective bias (33). Until
recently, multidisciplinary treatment has been widely
used for colorectal cancer liver metastasis and
lung metastasis, and significantly improved patient
prognosis. Our study showed a median survival time
of 4 months for patients who underwent monotherapy,
while for patients receiving multidisciplinary treatment,
the median survival time was extended to 11 months.
Chemotherapy may increase radiosensitivity, and
radiotherapy or surgery may also increase intracranial
vascular permeability which is more conducive to drugs
entering brain metastases (26), this may explain to
some extent that combined therapy is better than single
therapy. Although this improvement in survival was not
as pronounced in patients with liver metastases or lung
metastases from CRC, it also significantly improved the
prognosis of patients with colorectal cancer BM.

Under the multidisciplinary treatment model, we
further compared the results of different subgroup
patients. We found that for patients with isolated
metastases and better physical status (KPS > 70),
neurosurgery combined with chemotherapy can
get better results than radiotherapy combined with
chemotherapy. More specifically, Patients with isolated
brain metastases had a median survival of 17 months
after neurosurgery combined with chemotherapy, while
after radiotherapy combined with chemotherapy, the
survival was 10 months (P = 0.021). Simultaneously, we
observed similar survival improvements in patients with
KPS > 70 (P = 0.029). On the other hand, for patients
with multiple BM lesions or poor physical status (KPS
< 70), we did not find significant differences between
two treatment groups. Our results indicate that in
patients with isolated metastases and better physical
status, neurosurgery with chemotherapy should be
recommended. But for patients with multiple BM
lesions or poor physical status, we think radiotherapy
plus chemotherapy maybe more appropriate.

5. Conclusions
CRC metastatic to the brain is a highly lethal condition

warranting effective interventions. Multidisciplinary
treatment of colorectal cancer BM is the general
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trend. For patients with isolated metastases and KPS
> 70, neurosurgery combined with chemotherapy
is recommended. For patients with multiple
brain metastases or KPS < 70, radiotherapy plus
chemotherapy may be more acceptable.
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