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Purpose: The detection rate of brain metastasis (BM) from colorectal cancer (CRC] is increasing. This study was designed
to analyze the clinical features of BM and prognosis according to the therapeutic modalities.

Methods: A total of 19 cases were collected in this study between November 2008 and December 2015. We reviewed the
patients’ demographic data and the clinical features of BM retrospectively and investigated their prognostic significance.
Results: Nineteen patients included 8 male and 11 female patients. The median age at diagnosis of BM was 62.4 years
(range, 32-83 years). The median interval between diagnosis of CRC and BM was 39 months (range, 0-98 months).
Eighteen patients (94.7%) had extracranial metastasis at the diagnosis of BM. Lung was the most common site of extra-
cranial metastasis in 14 patients (73.7%). Synchronous BMs were found at the diagnosis of primary CRC in 2 patients (10.5%).
The location of primary CRC was the colon in 6 patients (31.6%) and the rectum in 13 patients (68.4%). At the diagnosis of
BM, 10 patients (52.6%) had a solitary BM. The common neurologic symptoms were headache in 8 cases (42.1%) and ataxia
in 6 cases (31.6%). The median survival after the diagnosis of BM was 3 months (range, 1-10 months). The patients who
underwent surgery plus stereotactic radiosurgery (SRS) had an improved survival (range, 3-10 months) than the other

patients (range, 1-6 months) (P =0.016).

Conclusion: In patients with BM from CRC, surgical resection plus SRS might improve survival.

[Ann Surg Treat Res 2018;94(1):13-18]
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer, and
the fourth leading cause of cancerrelated deaths worldwide [1-
5. With advances in the diagnostic radiographic techniques and
treatment of CRC, survival of patients with CRC has improved
over time and the incidence of brain metastasis (BM) from CRC
has gradually increased as well [2,3,5-9]. Without treatment, the
prognosis of patients with BM is typically poor with median
survival of 1-2 months [2,5,8,10-12]. However, with active
treatments including neurosurgical resection, whole brain

radiotherapy (WBRT), and stereotactic radiosurgery (SRS), the
prognosis of these patients can be improved [3,5,7,12,13].

BM from CRC is a late stage phenomenon; therefore, the
patients who have BM may be predicted to have poorer survival.
The incidence rate of BM is low and the patient survival is not
long; therefore, it is not frequently studied in a single center.
Therefore, the purpose of this study is to analyze the clinico-
pathologic features and to assess the prognostic factors of BM
in CRC at a single center.
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METHODS

Patients
A retrospective analysis was made of 3,952 patients who were

diagnosed with colorectal adenocarcinoma between November
2008 and December 2015. Nineteen cases were collected in
3052 patients. The 19 patients were diagnosed with colorectal
adenocarcinoma pathologically and BM by radiologic imaging.
Their medical records were reviewed, including clinical charac
teristics of the primary tumor and BM, neurologic symptoms,
location and number of BMs, dimension of BM, Karnofsky
performance status (KPS), recursive partitioning analysis (RPA),
presence of extracranial metastasis, treatment modalities for
BM, and survival. Metachronous metastases were defined
as the diagnosis of metastases 12 months after diagnosis of
the primary tumor. Treatment modalities for BM included
neurosurgical resection, SRS (Gamma-knife radiosurgery), and
whole brain radiotherapy (WBRT). Decision regarding treatment
for BM was made by experienced neurosurgeons.

Karnofsky performance status
The Karnofsky Performance Scale (KPS) is an evaluation tool

for functional impairment. This can be used to estimate the
patients’ condition in order to endure the therapy and to predict
the prognosis. KPS more than 70% is defined when the patient
is able to carry on normal activity and to work; no special care
needed [14].

Recursive partitioning analysis
RPA classification used in this study was profoundly related

to the prognosis of patients with BM. Evaluation criteria
were KPS, age, status of the primary tumor, and presence of
extracranial metastasis. Based on these 4 criteria, patients were
evaluated and classified into 3 prognostic classes. RPA class I

Table 1. Patients’ characteristics (n = 19)

Characteristic Value

Sex, male:female 8:11
Age (yr) 62.4 (32-83)

<65 10 (52.7)

>65 9 (47.3)
Location of the primary tumor

Ascending colon 3(15.8)

Sigmoid colon 3(15.8)

Rectosigmoid colon 5(26.3)

Rectum 8 (42.1)
TNM stage of the primary tumor

Il 1(5.3)

1 7 (36.8)

\Y 11 (57.9)

Values are presented as number, median (range), or number (%).

consisted of patients with KPS of 70 and higher, aged 65 years
or younger with controlled primary cancer and no extracranial
metastasis. RPA class I1I included patients with KPS of less than
70%, and RPA class II consisted of patients who had not been
qualified into class I or III [15].

Statistical analysis
Statistical analysis was using IBM SPSS Statistics ver. 19.0

(IBM Co., Armonk, NY, USA). Characteristics of BM, treatment
strategy and survival were analyzed using the Kaplan-Meier
method. Assessment of individual factors affecting survival
was performed using the log-rank test. P-values < 0.05 were
regarded statistically significant.

RESULTS

A total of 19 patients were enrolled, including 8 men and 11
women. Median age was 624 years (range, 32-83 years). The
most common location of the primary tumor was the rectum in
8 cases and the rectosigmoid colon in 5 cases. TNM stage of the
primary tumor was stage IV in 11 cases (579 %) and stage 11l in 7
cases (360.8 %). Characteristics of patients are shown in Tables 1, 2.

Four patients had simultaneous incident BMs, and 7 patients
had metachronous BMs. The clinical features of patients with
BM are demonstrated in Table 3. The median interval between
the diagnosis of primary CRC and the diagnosis of BM was 39
months (range, 0-98 months). Synchronous BMs were found in
4 cases (21.1%) and metachronous BMs were found in 15 cases
(78.9%). KPS more than 70% was found in 9 cases.

At the time of BM diagnosis, extracranial metastasis was
found in 18 cases (94.7%). Lung was the most common site of
extracranial metastasis in 14 cases (73.7%).

Most patients had multiple symptoms. The most common
neurologic symptom was headache in 8 cases (42.1%). Other
symptoms were ataxia, motor weakness, aphasia, nausea,
mental change, and memory impairment. The clinical features
of BM varied, as shown in Table 4.

Mean size of BM was 2.6 cm (range, 0.7-5.1 cm). BM with
maximal dimension less than 3 cm was found in 11 cases
(579%). Supratentorial BM was found in 12 cases (63.2%), infra-
tentorial BM was found in 4 cases, and both supra and infra-
tentorial BMs was found in 3 cases. The number of metastasis

Table 2. The characteristics of brain metastasis in stage IV

Resection of the primary tumor No. (%)
No resection 5 (45.5)
Resection

RO 1(9.0)
R1 0 (0)
R2 5 (45.5)
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Table 3. Demographic data of patients with brain metastasis
(BM) (n =19)

Variable Value
Mean age (yr) 64
Median interval (mo)* 39 (0-98)
Synchronous vs. metachronous BMs
Synchronous BMs 4(21.1)
Metachronous BMs 15 (78.9
Karnofsky performance status
>70 9 (47.4)
60-70 10 (52.6)
Extracranial metastasis
Lung 14 (73.7)
Liver 7 (36.9)
Peritoneal carcinomatosis 6(31.6)
Bone 6(31.6)
Systemic lymph node 5(26.3)
Vagina 1(5.3)
None 1(5.3)
Neurologic symptom
Headache 8 (42.1)
Ataxia 6 (31.6)
Motor weakness 5(26.3)
Aphasia 4(21.1)
Nausea 3 (15.8)
Mental change 2(10.5)
Memory impairment 2 (10.5)
Seizure 1(5.3)
Hearing loss 1(5.3)
Asymptomatic 1(5.3)

Values are presented as number, median (range), or number (%).
*Interval between BM diagnosis and colorectal cancer diagnosis
(months).

was 1 in 10 cases, 2 in 4 cases, and more than 3 in 5 cases.
According to the RPA classification, 8 patients were classified as
class 1 and 11 patients were classified as class 1L

Patients with BM received the following therapies: Four
patients were treated with SRS alone, 3 patients were treated
with WBRT alone, and 1 patient was treated with surgery
(craniotomy and tumor removal) alone. Two patients received
steroid therapy alone for pain relief without undergoing any
treatment. Seven patients underwent combined therapy of
surgery and SRS. Five patients received SRS after surgery for
recurrent BM and 2 patients were simultaneously treated with
surgery and SRS (Table 5).

Median survival after the diagnosis of BM
The median survival was 3 months after the diagnosis of

BM (range, 1-10 months). The median survival of patients who
received surgery plus SRS was 5 months (range, 3-10 months).
SRS alone-treated patients had a median survival of 2.5 months
(range, 1-5 months). WBRT alone-treated patients had a median

Table 4. Characteristics of metastatic brain tumors (n = 19)

Variable Value

Size of BM (cm) 2.6 (0.7-5.1)
Location of BM

Supratentorial 12 (63.2)

Infratentorial 4(21.1)

Combination 3(15.8)
The maximal dimension of BM (cm)

<3 11 (57.9)

>3 8(42.1)
Number of brain lesions

1 10 (52.6)

2 4(21.1)

>3 5(26.3)
RPA class

1 8(42.2)

1 11 (57.9)

Values are presented as mean (range) or number (%).
BM, brain metastasis; RPA, recursive partitioning analysis.

Table 5. Treatment modalities for brain metastasis (n = 19)

Treatment modality No. (%)
Surgery + SRS 7 (36.8)
SRS only 4(21.1)
WBRT only 3 (15.8)
Steroid therapy only 2 (10.5)
WBRT + SRS 1(5.3)
Surgery + WBRT 1(5.3)
Surgery only 1(5.3)

SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy.

survival of 3 months (range, 2-4 months). The patients who
received combined therapy of surgery plus SRS showed a
statistical significance in terms of prognosis than the other
patients (P = 0.016).

Prognostic factors
Conservative treatment, multiple BMs, KPS of less than 70%,

and RPA class III were related to worse prognosis (P = 0.005, P
= 0.027, P = 0.013, and P = 0.013, respectively) (Figs. 1, 2).

DISCUSSION

In this study, the incidence of BM from CRC was 0.76%. The
patients who were treated with active treatment including
surgical removal and stereotactic surgery showed better onco-
logic survival.

The incidence of BM in CRC is relatively low compared to
that of metastasis to other organs [2,4-6,10,11,16,17]. Little is
known about the clinical features at the time of presentation
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Fig. 1. Kaplan-Meier survival curves for survival after the
diagnosis of brain metastasis (BM) according to the treatment
(P =0.005).

of BM, and hence, a proper guideline has not yet been establi-
shed [2,4,578,10,18,19]. Therefore, we investigated the clinical
features related to BM through clinical analysis and the appro-
priate treatment policy for patients.

The incidence of BM has been reported to vary from about
0.3%-5.0% [2,5,8,19]. A definite pattern of BM could not be
found in many studies [17]. However, the number of patients
with BM is increasing with the increase in the incidence of
CRC [2]. Also, another reason for the increase in BM is that the
oncologic outcome is improved with the development of the
surgical technique and adjuvant chemotherapy in CRC [6]. The
development of diagnostic techniques related to brain imaging
has increased the accuracy of diagnosis of small brain lesions
[69.11,20].

It has been reported that the location of the primary tumor;
the colon or rectum, is related to the incidence of BM [2-4].
The result of our study was similar, and it showed that the
patients with rectal cancer have a higher tendency for BM. This
is caused due to the same reason that pulmonary metastasis is
more common in rectal cancer than in colon cancer [3,4,11,13].
In our analysis of extracranial metastasis, lung metastasis
was more frequent than metastasis to other organs. These
clinical characteristics occur due to the differences in venous
drainage from the rectum. It is well known that the middle
and lower rectal veins in the rectum enter the internal iliac
vein and have a circulatory system through the inferior vena
cava. The mechanism associated with the development of BM
through the circulatory venous system is described in other
studies [3,11,16]. In addition, Mongan et al. have also described
the mechanism of BM in the form of tumor emboli through
systemic circulation of the venous plexus [4,21].

Time interval between the diagnosis of primary CRC and the
diagnosis of BM was reported to be about 36 months (range,
21-51 months), and our result was similar [5,7,8,10,11,13]. In
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Fig. 2. Kaplan-Meier survival curves for survival after the
diagnosis of brain metastasis (BM) according to the number
of BMs (P = 0.027).

many literatures, most BMs after colon cancer surgeries show
late manifestations [5,6,18]. This is because the blood-brain
barrier (BBB) is formed by continuous tight junctions, which
include endothelial cells, astroglia, and pericytes, resulting in a
structurally solid blocking effect [6]. Moreover, the development
of the surgical technique for CRC and anticancer therapy for
systemic control seem to cause an increase in the survival
rate and late manifestation [3]. However, when BM occurs, the
tight junctions between endothelial cells become loosened,
and tumor cells become highly permeable to enter the brain.
Even though the chances for tumor cells to enter the cerebral
parenchyma increase, the molecular formulation of anticancer
therapy for systemic control is too large to pass the BBB.
Therefore, brain becomes a kind of store-house for metastatic
tumor cells.

Although the molecular mechanism of tumor cells that
cross the BBB has not been fully established:; it is reported that
CXCR4, a receptor of the chemokine CXCL12, induces instability
of blood vessels and it can increase the permeability of brain
endothelial cells. Colorectal carcinoma cells show higher levels
of CXCR4 than normal colonic epithelial cells [6]. It could
suggest the relationship between CXCR4 and BM [4,6].

In other studies, the mean survival period according to the
treatment modality for BM has been reported to be about 15
months for surgical resection, 6-10 months for stereotactic
radiotherapy, and 4-6 months for whole brain irradiation [3,13].
Besides monotherapy, combined therapy of surgical resection
and radiotherapy has been reported to provide a significantly
better survival rate [16,22]. Because of better survival after
combined therapy including surgical resection, it is important
that BM becomes a target for surgical resection. The possibility
of surgical treatment for BM depends on the number of BM
lesions and location of BM [3,78]. In our study, the number of
BM lesions was found to be an independent factor affecting
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prognosis of patients, and this finding is similar to that in
previous studies [5,8,12,13,18,23]. However, for deciding about
resection of BM, one more thing that should be considered
other than the resectability of BM is general performance status
[3,10]. Therefore, there might be some kind of a bias that the
patients in whom resectability of BM was possible and who had
good general performance were selected for surgical treatment
for BM, and they showed better survival.

The main neurologic symptom of BM was reported to be gait
disturbance, but our patients most commonly suffered from
headache, which is nonspecific [3,4]. Therefore, we considered
performing active evaluation of BM when the patients complain
of nonspecific neurologic symptoms, regardless of the period

However, it is presumed that the incidence of BM can be
estimated to be higher in all patients of CRC because of the
patients may be asymptomatic or cause of death may be ano-
ther metastatic organs.

In conclusion, these efforts make it possible to detect BM
earlier and to perform surgical resection for BM. Furthermore,
this could be helpful for improving the survival of patients with
BM.
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