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Purpose: The presence of brain metastasis (BM) in patients with colorectal cancer (CRC) 

is usually associated with terminal-stage illness; however, a subgroup of patients receiving 

aggressive treatment can have a satisfactory prognosis. This study was designed to investigate 

the profile of prognostic factors in CRC patients with BM treated aggressively.

Patients and methods: CRC patients with BM were retrospectively reviewed. Survival 

analysis was performed to identify potential prognostic factors in the entire cohort of patients 

and a subgroup of patients treated aggressively. Aggressive treatments included surgical resec-

tion, radiotherapy, and/or chemotherapy. Overall survival was defined as the time between the 

diagnosis of BM and death or until the date of the last follow-up visit.

Results: A total of 78 CRC patients were confirmed as having BM. Sixty-eight of them had 

extracranial metastases at the time of their BM diagnosis. The most common sites of extracranial 

metastases were lung (n=51, 65.4%), followed by liver (n=25, 32.1%) and bone (n=12, 15.4%). 

Fifty-one patients who were treated aggressively had significantly longer overall survival than 

those who accepted palliative care (14.1 months vs 2.0 months, P<0.0001). Multivariate analy-

sis was applied, and the results showed that aggressive treatment (n=51), recursive partition-

ing analysis class I/II (hazard ratio [HR]=0.27, 95% CI: 0.12–0.6, P=0.001), and fewer BM 

(HR=0.4, 95% CI: 0.21–0.78, P=0.07) predicted longer survival. In contrast, the presence of 

bone metastasis, rather than lung or liver metastasis, at the time of diagnosis of BM (HR=2.38, 

95% CI: 1.08–5.28, P=0.032) predicted a poor prognosis.

Conclusions: Although the prognosis of CRC patients having BM is frequently very poor, 

those with good performance status and few brain lesions responded to aggressive treatment, 

while those with bone metastasis at the time of diagnosis of BM had relatively dismal survival 

rates, even when treated aggressively.

Keywords: brain metastasis, colorectal cancer, bone metastasis, aggressive treatment

Introduction
Colorectal cancer (CRC) represents one of the most frequent malignancies worldwide.1 

Previous studies have shown that in many patients with CRC, metastasis usually 

appears earliest in liver and lung, followed by bone and brain.2–5 The risk of subsequent 

metastasis to the brain increases once CRC cells metastasize to the lung and bone.3 

Moreover, CRC patients with limited involvement of lung or liver exhibit improved 

outcomes, whereas those with tumors with a predilection for spreading to the bone 

or brain tissue have worse outcomes.6 Therefore, CRC patients with brain metastasis 

(BM) are usually viewed as in the terminal stage with a dismal prognosis.
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Recently, the incidence of BM in CRC patients was 

found to be increasing, although higher frequency screening 

and expanded management options for advanced CRC have 

improved patient survival.3,7 Many studies have been per-

formed to explore clinic–pathologic and aberrant molecular 

features in CRC patients at high risk of developing BM.3,7 

In general, the prognosis of CRC patients with BM is very 

poor, with median overall survival (OS) ranging from 1 to 6 

months,2,7–11 which is significantly shorter than that in patients 

with other types of primary malignancies.12 Accurate assess-

ment of survival based on patient features will help in the 

design of tailored medical treatments for individual patients. 

Therefore, various potential factors have been reported to 

be associated with an improved patient prognosis, including 

fewer BM lesions, a better Karnofsky performance status 

(KPS), and the absence of extracranial metastases.2,7–11,13 

However, there are inconsistencies with respect to the con-

clusions of these previous studies. For example, both good 

performance status and less BM were considered to be bet-

ter prognostic predictors in the majority of previous stud-

ies,5,8,11,13 but they failed to correlate with OS in the analysis 

of patients treated surgically,14 or their significance regarding 

OS decreased when treatment modality was included.2,10

Apart from the selection bias and limited samples avail-

able from retrospective studies, therapeutic modality was 

another determining issue accounting for the heterogene-

ity in the published results. Increasing evidence suggests 

that aggressive treatment, including surgical resection and 

radiotherapy, could significantly extend survival outcomes 

in CRC patients with BM.13–15 In contrast, the majority of 

previous studies enrolled patients who had undergone both 

aggressive and palliative care.2,7–11 In light of the significant 

role of treatment modality, we performed survival analysis 

on the entire cohort of patients as well as on the subgroup 

of patients that was treated aggressively. Intriguingly, the 

results demonstrated a distinct profile of prognostic factors in 

this subgroup that underwent aggressive treatment. Further-

more, the presence of bone metastasis was demonstrated to 

independently predict a poor prognosis only in patients who 

received aggressive treatment.

Patients and methods
Patients and data collection
All patients treated at the Sun Yat-sen University Cancer 

Center were prospectively enrolled in a database. Each patient 

was followed up every 6 months until patient death or loss of 

medical record. Using this database, we identified 78 CRC 

patients diagnosed with BM between April 1991 and May 

2017. The diagnosis of BM in CRC was confirmed using 

contrast-enhanced computerized tomography and/or magnetic 

resonance imaging, with or without pathological evidence. 

Among the 78 patients with BM, 51 patients received neuro-

surgical resection and/or radiotherapy to treat their BM. The 

last follow-up was in May 2017, which included verification 

of clinical attendance records and direct telecommunication 

with the patient or his/her family. Partial data from 60 patients, 

treated between April 1991 and December 2010, had been 

summarized in one of our previous studies [5].

Clinical information was retrospectively collected, includ-

ing age, gender, site and Dukes’ staging of primary CRC 

tumor, location of extracranial metastases, KPS, interval 

between the time of diagnosis of BM and CRC, the number 

and location of BM lesions, treatment modality of BM, and 

the maximum dimension of the BM. Patients were assigned 

to a Radiation Therapy Oncology Group recursive partition-

ing analysis (RPA) classification after the diagnosis of BM. 

The cause of death was also determined referring to a previ-

ously described protocol.16 Aggressive treatments included 

surgical resection, stereotactic radiosurgery (SRS), whole 

brain radiotherapy (WBRT), and/or chemotherapy. Cutoff 

time for the assignment of the metastasis as metachronous 

or synchronous was 30 days.

Ethics approval and consent to 
participate
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of 

the Medical Ethics Committees of Sun Yat-sen University 

Cancer Center and followed the 1964 Helsinki Declaration 

and its later amendments or comparable ethical standards. 

The Medical Ethics Committees of Sun Yat-sen University 

Cancer Center approved this study. We also confirm that we 

have obtained written informed consent to review medical 

data and to participate in this study from all patients.

Statistical analysis
All statistical analyses were performed using SPSS soft-

ware version 17.0 (SPSS Inc., Chicago, IL, USA). OS was 

defined as the time between the radiographic diagnosis of 

BM and death or until the date of the last follow-up visit. 

OS was estimated using the Kaplan–Meier method, and the 

statistical significance of the differences was assessed using 

the log-rank test. All significant parameters identified using 

univariate analysis were evaluated using multivariate analysis 

in the Cox proportional hazards model. The strength of the 

association between predictors and survival was assessed 
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using hazard ratios (HRs) with 95% CIs. A two-sided P<0.05 

was considered statistically significant.

Results
Clinical characteristics of primary CRC 
and BM
The clinical features of primary CRCs are summarized in Table 

1. A total of 78 CRC patients with BM were identified, compris-

ing 47 (60.3%) males. The median age at diagnosis of CRC was 

56.8 years (range, 21–82 years). Primary tumors were mostly 

located in the rectum (48.7%) and sigmoid colon (18.0%).

In Table 2, the clinical characteristics of the brain lesions 

are summarized. The median age at the time of diagnosis of 

BM was 58.7 years (range, 21–82 years). The median interval 

from the time of diagnosis of CRC to the development of BM 

was 23.2 months (range, 0–98 months). Thirteen (16.7%) 

were synchronous BM. Patients had a predominantly (n=56, 

71.8%) good KPS score of ≥70. Nearly all patients (n=68, 

87.2%) had extracranial metastases at the time of diagnosis 

of BM. The most common sites of extracranial metastases 

were lung (n=51, 65.4%), followed by liver (n=25, 32.1%) 

and bone (n=12, 15.4%). Nearly half of the patients had 

single brain lesions (37, 47.4%), and the lesions were most 

frequently located in the supratentorial region (n=44, 56.4%).

Treatment for BM and cause of death 
analysis
Treatment modalities for patients with BM varied and 

depended on many factors, including general symptoms, 

Table 1 Characteristics of primary colorectal carcinoma (n=78)

Characteristic Patients, n(%)

Age at diagnosis of CRC
Median (range), years 56.8 (21–82)
Gender
Female 31(39.7)
Male 47(60.3)
Site of colorectal carcinoma
Ascending colon 12(15.4)
Transverse colon 11(14.1)
Descending colon 2(2.7)
Sigmoid colon 14(18.0)
Rectum 38(48.7)
Multifocal primaries 1(1.3)
Dukes’ staging
A 3(3.8)
B 11(14.1)
C 23(29.5)
D 41(52.6)

Notes: Dukes’ classification was used to assess the stage of primary CRC, where A 
as invasion into but not through the bowel wall, B invasion penetrating the muscle 
layer, C involvement of lymph nodes, and D widespread metastases.
Abbreviation: CRC, colorectal cancer.

Table 2 Characteristics of brain metastasis (n=78)

Characteristic Patients, n(%)

Age at diagnosis of BM
Median (range), years 58.7 (21–82)
<65 years 42(53.8)

≥65 years 26(46.2)
Site of extracranial metastases
Lung 51(65.4)
Liver 25(32.1)
Bone 12(15.4)
Other sites 24(30.8)
Diagnostic methods
CT/PET-CT 32(41.0)
MRI 46(59.0)
Location of brain lesions
Supratentorial 44(56.4)
Infratentorial 16(20.5)
Combinations 18(23.1)
Interval between diagnosis of BM and CRC
Median (range), months 23.17 (0–98)
<24 months 45(57.7)

≥24 months 33(42.7)
Diameter of the largest BM
Median (range), mm 27.7 (1–47)
<30 mm 47(60.3)

≥30 mm 31(39.7)
Number of brain lesions
1 37(47.4)
2 9(11.5)
≥3 32(41.1)
KPS
≥70 56(71.8)

<70 22(28.2)
RPA class
I 7(9.0)
II 49(62.8)
III 22(28.2)

Abbreviations: BM, brain metastasis; CRC, colorectal cancer; KPS, Karnofsky 
performance status; MRI, magnetic resonance imaging; PET-CT, positron emission 
tomography–computed tomography; RPA, recursive partitioning analysis.

Table 3 Treatment modalities and sequences (n=78)

Sequence of treatments Patients, n (%)

Surgery only 4(5.1)
Surgery + chemotherapy 5(6.4)

Surgery – WBRT + SRS + chemotherapy 2(2.6)

Surgery-SRS + chemotherapy 2(2.6)
WBRT only 7(9.0)
WBRT + chemotherapy 4(5.1)

WBRT + chemotherapy – Surgery 3(3.8)
SRS only 5(6.4)
SRS + chemotherapy 6(7.7)

SRS + WBRT 5(6.4)

SRS + WBRT + chemotherapy 8(10.3)
Steroid only 27(34.6)

Abbreviations: SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy.
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extent of disease, number and location of brain lesions, 

patient wishes, and physician discretion. Treatment infor-

mation is shown in Table 3. Sixteen (20.5%) of the patients 

underwent surgical resection, and thirty-f ive (44.9%) 

patients received only radiotherapy. The remaining 27 

(34.6%) were given palliative treatment only. Twenty-nine 

patients received systemic chemotherapy after treatment of 

BM. Chemotherapy protocols were mainly composed of 

irinotecan, 5-FU, or oxaliplatin (n=24), and five patients 

were treated with bevacizumab. Only two patients with bone 

metastases received systemic chemotherapy. Additionally, 

six patients were cured with brain lesion-targeted chemo-

therapy regimens, containing either cisplatin, tiniposide, 

nimustine, or temozolomide.

At the end of follow-up, three patients were still alive. As 

shown in Table 4, neurological failure accounted for 65.4% 

of deaths in patients who received steroid only. In contrast, 

only 25% of patients who received multiple treatments died 

of neurological failure. Among the patients with bone metas-

tases at the diagnosis of BM, six of them died of systemic 

progression, three of neurological failure, and three of both 

systemic and neurological progression.

Survival and prognostic analysis in the 
entire patient cohort
The median OS of all the patients was 7.0 months (95% 

CI: 4.6–9.4 months) from the time of diagnosis of BM 

(Figure 1A). OS at 6 months, 12 months, and 24 months 

was estimated to be 55.1%, 32.5%, and 9.5%, respectively.

Univariate and multivariate analyses were performed 

to evaluate prognostic factors that included age at the time 

of diagnosis of BM; interval between the time of diagnosis 

Table 4 Cause of death (n=78)

Treatment  
modality

Steroid  
only

Surgery or  
SRS or  
WBRT only

WBRT and  
SRS or  
surgery

Patients alive at  
the last follow-up

0 2 1

Cause of death
Neurological 17 11 5
Systemic 6 8 11
Both 3 11 3

Abbreviations: SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy

Figure 1 (A) Kaplan–Meier analysis of OS in 78 patients, (B) according to treatment modality (n=78), (C) the number of brain metastases (n=51), (D) the presence of bone 
metastases (n=51), and (E) RPA class (n=51).
Abbreviations: OS, overall survival; RPA, recursive partitioning analysis.
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of BM and CRC; location; diameter and number of brain 

lesions; presence of liver, lung, or bone metastasis; and 

RPA class. Among them, the number of BM, location of 

BM, age, and RPA class were demonstrated to be associated 

with OS in univariate analysis (Table 5). However, only 

RPA class I/II (HR=0.31, 95% CI: 0.18–0.53, P<0.0001) 

and the number of BM (HR=0.55, 95% CI: 0.34–0.89, 

P=0.014) were shown to independently predict survival 

in the multivariate model.

Survival and prognostic analysis in 
patients undergoing aggressive treatment
Among the 78 patients, 51 were treated aggressively, and 

their OS was significantly longer than that in patients 

who accepted palliative care (14.1 months vs 2.0 months, 

P<0.0001; Figure 1B). OS in this aggressively treated patient 

cohort at 6, 12, and 24 months was estimated to be 74.5%, 

43.8%, and 12.5%, respectively. Three of them remained 

alive at the last follow-up.

Similarly, univariate and multivariate analyses were 

performed to evaluate prognostic factors. In univariate 

analysis, the number of BM (Figure 1C), location of BM, 

bone metastasis at the time of diagnosis of BM (Figure 1D), 

and RPA class (Figure 1E) were demonstrated to be associ-

ated with OS (Table 6). Interestingly, the presence of bone 

metastasis (HR=2.38, 95% CI: 1.08–5.28, P=0.032), rather 

than lung or liver metastasis, was demonstrated to predict a 

poor prognosis, independent of RPA class I/II and the number 

of BM in the multivariate model.

Table 5 Univariate analysis of survival (n=78)

Variable n Median OS  
(months)

Mean OS  
(months)

P-value

Overall survival 78 7.00 10.50
Age at the diagnosis of brain metastasis 0.028
<65 years 42 10.00 13.90

≥65 years 36 4.00 7.66
Number of brain 
metastasis

0.013

1–2 46 10.00 11.90
≥3 32 4.00 8.40
Location of brain metastasis 0.019
Supratentorial 44 9.50 12.50
Infratentorial 16 8.00 10.60
Both 18 4.00 5.60
RPA class 0.0001
I/II 56 10.00 13.20
III 22 2.00 3.80

Abbreviations: OS, overall survival; RPA, recursive partitioning analysis.

Table 6 Univariate and multivariate analysis of survival (n=51)

Variable n Median OS (months) Univariate analysis Multivariate analysis

P-value HR 95% CI P-value

Overall survival 51 11
Age at the diagnosis of BM 0.107
<65 years 33 11

≥65 years 18 7.3
Lung metastases
Yes 37 10.5 0.759
No 14 11.3
Liver metastases
Yes 16 8.0 0.349
No 35 11.5
Bone metastases 0.006 2.38 1.08–5.28 0.032
Yes 9 6.5
No 42 12
Number of BM 0.005 0.4 0.21–0.78 0.007
1–2 34 12
≥3 17 8
Location of BM 0.045
Supratentorial 29 12
Infratentorial 12 8
Both 10 7
RPA class 0.001 0.27 0.12–0.6 0.001
I/II 42 12
III 9 4

Abbreviations: BM, brain metastasis; HR, hazard ratio; OS, overall survival; RPA, recursive partitioning analysis.
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Discussion
BM in CRC was considered a rare event, with a very poor 

median OS (range, 1–6 months).2,7–11 With the advent of 

substantial improvements in the management of advanced 

CRC, the incidence of BM appears to be increasing.3,7 Various 

studies have been performed to explore potential prognostic 

factors to define subgroups of patients that might benefit 

from aggressive treatment. However, the profile of prog-

nostic factors remains undefined due to the inconsistency 

of previous studies. Since treatment modality is the major 

determinant of patient survival, we hypothesized that the 

pattern of prognostic factors between patients treated aggres-

sively and palliatively is different. In the present study, we 

conducted survival analysis on the entire cohort of patients 

and the subsection treated aggressively. Surprisingly, the 

results demonstrated a distinct profile of prognostic factors 

in the subgroup of patients that underwent aggressive treat-

ment. Similar to previous findings, multiple BMs and worse 

performance status were associated with a poorer prognosis 

either in the entire cohort of patients or in patients treated 

aggressively. However, the presence of bone metastasis was 

demonstrated to independently predict a poor prognosis 

only in patients who accepted aggressive treatment. To our 

knowledge, this is the first study to reveal a predictive role 

of bone metastasis in advanced CRC patients with BM. 

With progression of brain disease, the neurological status of 

patients is expected to decline. Subsequently, any treatment 

modality that would extend survival even by a few weeks 

while providing a reasonable quality of life in the terminal 

stages would be significant. Several studies have provided 

evidence that has shown that aggressive treatment for the BM, 

including neurosurgical resection, SRS, and WBRT, was able 

to significantly prolong OS in CRC patients with BM.2,10,14,15 

Similarly, patients who received aggressive treatment for 

their BM survived much longer than those who received 

only palliative care (14.1 months vs 2.0 months, P<0.0001). 

Furthermore, neurological failure was the main cause of 

death in patients who received only steroids, while patients 

who received aggressive treatment died mainly of systemic 

disease. This indicated that controlling brain lesions helped 

to decrease BM-induced death.

However, it remains very difficult to formulate an opti-

mal strategy to treat BM based on the pretreatment features 

of patients. Although various studies have been performed 

to try to define the subgroup of patients who might benefit 

from aggressive treatment, the identified prognostic factors 

were inconsistent among different studies. In the majority 

of previous studies, good performance status and fewer BM 

were considered better predictors of prognosis.5,8,11,13 Yet, both 

of these factors failed to correlate with OS in the analysis 

of patients treated surgically,14 or the significance of these 

factors regarding survival decreased when incorporated with 

treatment modality.2,10 To avoid the influence of treatment 

modality, we performed survival analysis on the entire cohort 

of patients, as well as on those who underwent aggressive 

treatment. In both cohorts, RPA class and the number of BM 

were demonstrated to independently predict patient survival. 

Patients with a limited number of BM and better performance 

status tended to receive aggressive treatment, including 

surgical resection, radiotherapy, and the combination of them, 

which has been shown to improve prognosis.3,9,14,17 Our study 

provides further convincing evidence to support the role of 

the number of BM and performance status in determining 

treatment strategy.

Extracranial metastases, reflecting the burden of sys-

temic diseases, were commonly regarded as a prognostic 

factor of poor outcomes in CRC patients with BM.4,7 

However, this has not always been the case in some stud-

ies, where extracranial metastases were not statistically 

significantly associated with OS.5,10,11 The overwhelming 

proportion of extracranial metastases in the majority of 

the study groups partially accounts for this discrepancy. 

According to previous studies, metastatic CRC exhibited 

a sequential progression in many patients, with metas-

tasis usually seen earliest in lung, followed by liver and 

bone.4,5,10,11 In other words, the presence of metastasis in 

each site may indicate a gradual increasing extension of 

systemic burden for patients with CRC. Therefore, the 

involvement of different extracranial organs should affect 

OS in a prognostically distinct manner in CRC patients 

with BM. Thus, we explored the effect of lung, liver, and 

bone metastasis on OS individually. In the entire cohort of 

patients, none of them were significantly correlated with 

OS. In contrast, when evaluated in the patients treated 

aggressively, the presence of bone metastasis, rather than 

lung or liver, independently predicted a poor prognosis. 

In support of our results, the presence of lung metastasis 

did not affect OS in previous studies,3,14 but could predict 

the emergence of BM.3 Therefore, even in CRC patients 

with the accompanying presence of metastasis to liver and 

lung, aggressive management of their diseases remains 

indicated for patients with BM. As far as we know, this 

study was the first to reveal the significance of bone 

metastasis in CRC patients with BM, which could aid in 

evaluating whether patients with BM will benefit from 

aggressive treatment.
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In the majority of previous studies, median OS was very 

poor, ranging from 1 to 6 months.2,7–11,13 Through the use 

of multidisciplinary disease management and aggressive 

treatment, patient survival is improving.4,5,14,17 As reported 

previously, the median OS of all patients in the present 

study was 7.0 months. The OS of patients treated aggres-

sively was dramatically longer than the OS in those treated 

conservatively (14.1 months vs 2.0 months, P<0.0001); this 

confirms that the nature of the treatment modality influences 

the prognosis of CRC patients with BM.

The significance of the present study was limited by its 

retrospective design, selection bias, and physician discre-

tion. Furthermore, we unfortunately did not have access to 

the information on RAS gene mutations, which might be 

associated with worse survival and an increase in meta-

static CRC.6 In addition, treatment modality varied among 

patients, and some of them did not follow the standard 

treatment strategy, perhaps given its respective design and 

patient choice. Nevertheless, the present study demonstrated 

a distinct profile of prognostic factors by performing sur-

vival analysis on the entire cohort of patients as well as those 

who underwent aggressive treatment. Finally, the patients 

with bone metastasis had relatively poor prognosis com-

pared with those without, is a preliminary but interesting 

finding. The small number of patients with bone metastases 

limited the validity of the conclusion. Further studies with 

larger cases are warranted to validate the efficacy of bone 

metastasis in predicting the prognosis of patients with BM 

from CRC.

Conclusion
Although the presence of BM is usually considered a 

terminal-stage phenomenon of CRC, a subgroup of patients 

with few brain lesions and good performance status could 

have a satisfactory survival time after aggressive treatment. 

However, those with bone metastasis at the time of diagnosis 

of their BM had a much worse prognosis than those without. 

Detailed evaluation of the systemic tumor burden helps to 

accurately assess CRC patients with BM.
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