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Background: The development of brain metastasis (BM) in patients with colorectal cancer (CRC) is a rare
and late event. We sought to investigate the clinical characteristics, disease course and safety using biologic
agents in our patients with CRC who develop brain metastases.

Methods: A retrospective review of patients with CRC with brain metastases treated at our institution from
01/2005-01/2015 was performed. Survival analysis was performed using the Kaplan-Meier method.
Results: Forty patients were included in the analysis. Median age was 55.5 years, 67.5% were males, and 28%
had a KRAS mutation. Twenty-four percent were treatment-naive at the time of BM diagnosis. Patients had
a median of two brain lesions. Sixty-five percent of the patients were treated with radiotherapy alone, 22.5%
had both surgical resection and brain radiotherapy. Median overall survival was 3.2 months after development
of BM. Overall survival was longer in patients who received combined modality local therapy compared
to patients treated with surgical resection or radiotherapy alone. Patients who received systemic treatment
incorporating biologics following development of BM had a median overall survival of 18.6 months. Overall,
the administration of biologic agents was safe and well tolerated.

Conclusions: In summary, BM is an uncommon and late event in the natural history of metastatic CRC.
The ability to deliver combined-modality local brain therapy as well as availability of more systemic therapy

options appear to lead to improved outcomes.
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Introduction (CRC), the incidence of BM in retrospective studies is <5%

of patients (1-6).

About 10% of all cancer patients will develop brain
The typical patient with BM from CRC has a rectal

metastasis (BM) during the course of their disease with

incidence depending on the type of the primary tumor. primary and extra-cranial disease, particularly in the lung.

BM is not a common event for patients with malignancies These patients usually develop metachronous symptomatic

originating in the gastrointestinal tract, hepatobiliary
system and pancreas (1). Specifically for colorectal cancer
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disease in the brain late in the course of their disease with a

median time from diagnosis of approximately 25 months (3-15).
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Metastatic disease to the brain in patients with CRC is
associated with poor outcomes. In a SEER based study
reviewing CRC cases from 2010-2011, the 1-year cause
specific mortality was 29.6% vs. 90.0% for patients with
and without BM respectively (3). Overall, median overall
survival in retrospective series is reported to range from 2
up to 12 months (7,10-15). Outcomes reported in surgical
series tend to be better, likely secondary to selection
bias (1). Prognostic factors for overall survival after the
diagnosis of BM are inconsistent in between different series
but it appears that patients who are able to have surgical
resection and additional systemic therapy have better
survival (6,16,17). Prognostic score systems such as the
recursive partitioning analysis (RPA) and diagnosis-specific
graded prognostic assessment (DS-GPA) scores (18,19) are
associated with outcomes (17,20).

In a retrospective review of patients with CRC and BM
from Norway, the time interval between initial diagnosis
and development of disease in the brain has increased over
time, reflecting the progress made in developing better
treatment strategies for control of systemic disease as well as
better detection (21). Given the improvement in survival in
metastatic CRC since the advent of novel biologics such as
anti-vascular endothelial growth factor (VEGF) antibodies
and anti-epithelial growth factor receptor (EGFR)
antibodies, the expectation is that the incidence of BM
would increase. However due to poor life expectancy and
potential fear of intracranial hemorrhage from some novel
biologics, patients with BMs have often been excluded from
clinical trials assessing novel therapies. Therefore limited
data on their clinical activity, clinical predictive markers to
guide patient selection and safety of these agents exist in
patients with BMs from CRC.

We sought to investigate the clinical characteristics,
disease course and safety using biologics in our patients with

CRC who develop BM.

Methods
Patients

This is a retrospective review of patients with CRC and BM
treated at the Cancer Therapy and Research Center (CTRC)
at the University of Texas Health Science Center at San
Antonio (UTHSCSA). We included consecutive patients
who presented for local treatment at the departments of
Neurosurgery and Radiation Oncology between January 2005
and January 2015. ICD-9 codes 198.3, 198.4, 153, 154 were
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used to identify patients.

Data collection

Data collected included primary tumor location (colon/
rectum), lymph node involvement, location of extra-cranial
metastases, number and location of BMs, KRAS mutation
status (wild-type vs. exon 2 mutation), BRAF mutation
status, carcinoembryonic antigen (CEA) levels, presence
of lymphovascular invasion (LVI) or perineural invasion
(PNI), Eastern Cooperative Oncology Group (ECOG)
performance status, RPA prognostic class I-11I, treatment
strategy for brain metastases [surgery, radiation therapy
(RT), both, none], systemic treatment before and after the
development of brain metastases (cytotoxic backbone and
biological treatments).

The number and location of BM was determined by
contrast-enhanced cross-sectional imaging of the brain
(magnetic resonance imaging or computerized tomography
scan). The RPA class was determined by the patients age,
Karnofsky performance status (KPS) and presence of extra-
cranial metastases as reported elsewhere (18). For patients
who had more than one BM events, the first episode was
recorded.

Treatments

Patients treated surgically had standard craniotomy.
RT consisted of standard 3D conformal whole-brain
radiotherapy and/or stereotactic radiosurgery (GammaKnife
or Novalis system). Patients who received systemic therapy
were treated with standard oxaliplatin- or irinotecan-
fluoropyrimidine regimens with or without anti-VEGF or
anti-EGFR antibodies according to national guidelines.
All patients treated with an anti-VEGF antibody received
bevacizumab.

Statistical analysis

Overall survival was calculated from the date of diagnosis
of CRC to the date of death. Survival after diagnosis of
metastatic disease was calculated from date of development
of metastatic disease to the date of death. Survival after
diagnosis of BMs was calculated from date of diagnosis of
BMs to the date of death. The time to development of BM
was calculated from the date of CRC diagnosis to the date
of development of BM. Dates of diagnosis were considered
the date with a first positive radiological finding or the day
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of pathological diagnosis, whichever occurred first. Survival
curves were created using the Kaplan-Meier method and
groups were compared using the log-rank test. The Fisher’s
exact test was used to compare categorical variables. All
calculations performed with R version 3.1.2 (R Foundation
for Statistical Computing, Vienna, Austria). Patients with
missing data were excluded from analyses for the respective
parameters.

Results
Patient characteristics

We identified 40 consecutive patients with CRC and BM
using the Radiation Oncology and Neurosurgery databases.
The basic characteristics at the time of diagnosis of CRC
are presented in Table 1. Median age was 55.5 (range,
34-78) years, 67.5% were males, and 28% had a KRAS
mutation. There were data on BRAF status only in one
patient (wild-type). Seventy-five percent of the patients had
lung metastasis at the time of BMs diagnosis. Five patients
presented with synchronous brain metastases (12.5%). Two
patients had no other evidence of extra-cranial disease (5%).
One patient had leptomeningeal disease. Almost 25% of the
patients were treatment-naive at the time of BMs diagnosis,
54% had received treatment with both an oxaliplatin- and
irinotecan-based regimen. Close to 57% of the patients had
received treatment with a monoclonal antibody, 8% had
received both anti-VEGF and anti-EGFR directed therapy.
Systemic therapy before and after the diagnosis of BM is
shown in Table 1.

Disease characteristics and treatments

Characteristics of BMs and local treatment received are
shown in Table 1. Patients had a median of 2 brain lesions
(range, 1-7 brain lesions). Lesions were most frequently
supratentorial (42.5%). In 27.5% of the patients lesions
were both supra- and infra-tentorial. Most patients (90%)
received brain RT, 65% as monotherapy while 22.5% of
the patients had both surgical resection and brain RT.
The type of local therapy by RPA and number/location
of metastatic lesions is presented in Tuble 2. The type of
local therapy was not significantly different based on RPA
and number or location of metastatic lesions. Seventy-six
percent of the patients did not receive any systemic therapy
after BM diagnosis (7able 1). The most common regimen
used after the diagnosis of BM was irinotecan-based. One
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patient did not receive any local (surgical resection or
brain radiotherapy) therapy. This patient did not receive
any systemic therapy as well and he passed 7 days after the
diagnosis.

Treatment outcomes

Median overall survival from time of primary tumor
diagnosis was 36.4 months. Survival after diagnosis of any
metastatic disease was 31.6 months, and 3.2 months after
development of BM. Patients with KRAS wild-type tumors
had longer overall survival compared to patients with KRAS
mutated tumors (36.7 vs. 22.6 months, P=0.0263; HR, 0.36)
but the survival after the diagnosis of BMs was not
associated with KRAS status. RPA class I had the longest
median overall survival (28.7 months), followed by class
IT (3.2 months). Patients with class III had the shortest
overall survival (1.4 months). There was no overall survival
difference with regards to primary tumor location, lymph
node involvement, and CEA levels. Patients who received
combined modality local therapy lived longer after the
development of BMs compared to patients treated with
surgical resection or radiotherapy alone (median survival
21.3 vs. 2.9 months, P=0.001, Figure I). There was no
difference in survival based on the location or the number
of metastatic brain lesions.

The time to development of BM for patients with
metastatic disease treated with biologic agents was
significantly longer compared to patients who had not
received any biologics (Figure 2). Overall survival after
the development of BM was not different based on prior
exposure to cytotoxic chemotherapy, and was significantly
better for the minority of patients who were able to receive
cytotoxic systemic treatment after the development of BM
(Table 3). The median survival after the diagnosis of BM
for patients who received systemic therapy with or without
biologics only prior to development of BM was 2.8 months.
Patients who received treatment that incorporated
biologics following development of BM had a median
overall survival after BM diagnosis of 18.6 months (7able 3),
it was 20 months for the patients who were not exposed
to biologics before the diagnosis of BM. There were two
patients who had chemotherapy without the addition of
a biologic agent. Treatment with a biological agent after
the diagnosis of BM was associated with improved survival
while the opposite was true for exposure to biologics before
the development of BM (7able 3). When patients exposed
to anti-EGFR antibodies were excluded from analysis,

jgo.amegroups.com 7 Gastrointest Oncol 2017;8(1):55-63



58

Fountzilas et al. Outcomes of patients with colorectal cancer with brain metastasis

Table 1 Basic characteristics, local and systemic treatments

Table 1 (continued)

Variable Value Variable Value

Age, median [range] (years) 55.5 [34-78] PVI (%)

Gender (%) Positive 9 (22.5)
Males 27 (67.5) Negative 8 (20.0)
Females 13 (32.5) N/A 23

ECOG (%) CEA, median (range) (ng/mL) 8.3 (0-6,000)
0 12 (30.0) Metastatic at presentation (%) 22 (55.0)
1 23 (57.5) Site of metastasis (%)

5 1(2.5) Liver 19 (47.5)
3 0 Lung 30 (75.0)
4 2(5.0) Bone 11 (27.5)

Oth 8 (20.0
N/A 2 er (20.9
. . None 4

Primary tumor location (%)
Chemotherapy before BM (%)

Colon 19 (47.5)

Oxaliplatin 8 (20.0)
Rectum 20 (50.0)

Irinotecan 0
N/A 1

Both 22 (55.0)

Primary resection at presentation (%)

None 10 (25.0)
Yes 28700 Biologics before BM (%)
No @79 Anti-VEGF 14 (37.8)
N/A 1 Anti-EGFR 4(10.8)

Nodal status at presentation (%) Both 5 (12.5)
Positive 21 (525) None 16 (425)
Negative 8(20.0) Location of BM (%)

N/A i Supratentorial 18 (42.5)

KRAS status (%) Infratentorial 8 (22.5)
Exon 2 mutation 11 (27.5) Both 11 (27.5)
Wild-type 12 (30.0) N/A 3
N/A 17 Number of BM, median [range] 2 [1-7]

Grade (%) RPA (%)

Low 1(2.5) 1 3(7.5
Moderate 20 (50.0) 2 33 (82.5)
High 7 (17.5) 3 3(5.0)
N/A 12 N/A 2

LVI (%) Local treatment of BM (%)

Positive 9 (22.5) Radiation alone 26 (65.0)
Negative 9 (22.5) Surgery alone 2 (5.0)
N/A 20 Both 9 (22.5)
N 1
Table 1 (continued) one
N/A 2
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Table 1 (continued)

Variable Value
Chemotherapy after BM (%)
Oxaliplatin 12.7)
Irinotecan 5(13.5)
Both 3(8.1)
None 28 (75.7)
Biologics after BM (%)
Anti-VEGF 3(7.5)
Anti-EGFR 1(2.5)
Both 3(7.5)
None 33 (82.5)

BM, brain metastasis; CEA, carcinoembryonic antigen; ECOG,
Eastern Cooperative Oncology Group; EGFR, epithelial growth
factor receptor; LVI, lymphovascular invasion; PVI, perineural
invasion; RPA, recursive partitioning analysis; VEGF, vascular
endothelial growth factor; N/A, not available.

Table 2 Local therapy by RPA and number/location of brain metastases

59

exposure to biologics before development of BM was no
longer associated with survival.

Safety

Opverall, administration of biologic agents after development
of BM was safe and well tolerated. There was only one
case of intracranial hematoma formation at the resection
cavity associated with recurrence at that area. This patient
received only one bevacizumab infusion prior to this event.
In general, for all six patients who received biologics after
development of BMs, bevacizumab was subsequently added
to the cytotoxic backbone after the first few cycles.

Discussion

Development of metastatic disease to the central
nervous system is not a common event in patients with
gastrointestinal malignancies and CRC specifically. It

Variable Surgical resection (N=2) Brain RT (N=26) Both (N=9) Missing (N=3) Total (N=40)
RPA score (P=0.39 for comparisons®) (%)
RPA 1 0(0) 1 (3.85) 2 (22.22) 0(0) 3 (7.50)
RPA 2 2 (100.00) 23 (88.46) 6 (66.67) 2 (66.67) 33 (82.50)
RPA 3 0(0) 2 (7.69) 0(0) 0(0) 2 (5.00)
Missing 0(0) 0(0) 1(11.11) 1 (33.33) 2 (5.00)
Number of BM (P=0.27 for comparisons®) (%)
1 2 (100.00) 6 (23.08) 5 (55.56) 1 (33.33) 14 (35.00)
2-3 0(0) 10 (38.46) 3(33.33) 0(0) 13 (32.50)
4 or more 0(0) 7 (26.92) 1(11.11) 0(0) 8 (20.00)
Missing 0(0) 3 (11.54) 0(0) 2 (66.67) 5 (12.50)
Location of BM (P=0.82 for comparisons®) (%)
Both 0(0) 9 (34.62) 2 (22.22) 0(0) 11 (27.50)
Infratentorial 1 (50.00) 5 (19.23) 3(33.33) 0(0) 9 (22.50)
Supratentorial 1 (50.00) 11 (42.31) 4 (44.44) 1 (33.33) 17 (42.50)
Missing 0(0) 1 (3.85) 0(0) 2 (66.67) 3 (7.50)

*, Fisher’s exact test. BM, brain metastasis; RPA, recursive partitioning analysis; RT, radiation therapy.
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Survival of metastatic patients by treatment modality

1.00

Treatment modality
w= Brain radiotherapy (n=26)
~ Radiotherapy and surgery (n=9)

Log-rank P value =0.001

Proportion alive

0.5 1 1.5 2 25 3 3.5 4

Time (years)
n  Events Median(mo) 95% Cl(mo)
Brain radiotherapy 26 26 29 1.4-3.9
Brain radiotherapy and surgery 9 9 21.4 2.9-not reached

Figure 1 Survival after the development of brain metastasis by

type of local therapy. Mo, months; CI, confidence intervals.

Table 3 Overall survival by delivery of systemic therapy

o Time to brain metastases for patients who received biologics before diagnosis

SRR Treatment
—No (n=6)
= Yes (n=23)

Log-rank P value =0.0014
0.75 1

Proportion alive

0.25]

0.00

00511522533544555566577588589 9510
Time (years)

n Events Median (mo) 95% CI (mo)
No 6 6 8.5 2.3-not reached
Yes 23 23 31 26-40.3

Figure 2 Time to development of brain metastasis stratified by
treatment with biologic agents before diagnosis. Mo, months; Yes,
received biologics; No, did not receive biologics; CI, confidence

intervals.

Variable N Events Median (months) 95% CI (months) P value

Any systemic therapy prior to BM 0.819
No 9 9 9.2 1.4-not reached
Yes 30 30 3.1 2.7-6.5

Any systemic therapy after BM 0.049
No 30 30 2.8 1.4-3.7
Yes 9 9 16.4 6.5-not reached

Any chemotherapy prior to BM 0.819
No 9 9 9.2 1.4-not reached
Yes 30 30 3.1 2.7-6.5

Any chemotherapy after BM 0.049
No 30 30 2.8 1.4-3.7
Yes 9 9 16.4 6.5-not reached

Any biologics prior to BM <0.001
No 16 16 15.4 3.9-29.9
Yes 23 23 3.4 1.0-3.7

Any biologics after BM 0.035
No 32 32 2.9 1.4-3.7
Yes 7 7 18.6 14.4-29.9

BM, brain metastasis; Cl, confidence intervals.
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is usually occurs late in the course of disease and it is
considered to harbor a grim prognosis. In our study, median
overall survival was 3.2 months after the diagnosis of
metastatic disease to the brain. Five (12.5%) of the patients
had synchronous metastatic disease and two of them had no
other evidence of metastatic extra-cranial disease. Even for
the patients with synchronous disease in the brain outcomes
are suboptimal, as only two patients survived more than
3 months and survival longer than 1 year was achieved in
the single patient who was able to receive systemic therapy
after local brain-directed therapy.

Disease presentation and outcomes are comparable
to the ones reported in literature (6,7,11-13,15). In their
surgical series, Mege and colleagues (11) report a frequency
of synchronous BM of 43%, a finding likely related to
selection bias.

The cumulative incidence of BM is higher in patients
with RAS mutation harboring tumors (1.4% vs. 0.2% in all
patients with CRC with a RAS mutation vs. wild-type and
14.5% vs. 2% after resection of hepatic metastases, hepatic
artery infusion and systemic therapy for KRAS mutation vs.
wild-type) (22,23). In a series from Memorial Sloan Kettering
Cancer Center, RAS mutation was independently associated
with the development of BM [HR, 3.7; 95% confidence
intervals (CI), 1.7-8.1] (23). In this series, approximately
75% of the patients with BMs had tumors positive for a RAS
mutation. In our patient population, 28% of the patients
had a KRAS mutation, 31% were wild-type of KRAS and for
the majority of patients (41%) the results for RAS mutation
were not available. In our study, activating RAS mutation
correlated with worse overall survival overall but not after the
development of brain lesions.

In our patient population, combined modality local
therapy (radiotherapy plus surgical resection) was associated
with improved survival. Mege and colleagues report no
benefit from administration of cranial radiotherapy after
surgical resection. Most of the patients (80%) had as single
brain lesion and none had more than two lesions (11). In
the contrary, Damiens and colleagues report better survival
for patients who were treated locally with combination
of surgery and cranial radiotherapy (7). In their series, all
patients who received combined modality therapy had a
single brain lesion. Hammoud et 4/. reports as well better
overall survival for patients treated with combined modality
local therapy, even though the anatomical details for each
treatment strategy (number and location of brain lesions) are
not provided (8). In our case series, of the nine patients who

© Journal of Gastrointestinal Oncology. All rights reserved.

61

were treated with combined modality local therapy, four had
two or more brain lesions. Based on the global experience of
improved outcomes with liver-directed therapies in metastatic
CRC, it is likely that, for patients with BM, an aggressive
local approach (maximal safe debulking and adjuvant cranial
radiotherapy) is warranted as well.

As reported by other groups (6,17,24), administration
of systemic therapy (cytotoxic and biological) after
development of BM was associated with better survival. The
details of the type of systemic therapy administered are not
provided in the studies by Tokoro ez a/. and Nieder er al.
Our study is the first to our knowledge to report improved
outcomes specifically with administration of a biologic agent
after the development of BM. The timing of administration
of biologic agent therapy (only before or only after
development of BM) was associated with survival, while this
was not true for cytotoxic agent administration. Jung and
colleagues as well as Baek and colleagues reported improved
outcomes with less lines of therapy prior to development of
BM (24,25). Unfortunately, the number of patients in our
study who went on to receive systemic treatment was small,
precluding any meaningful comparison between patients
treated with oxaliplatin- vs. irinotecan-based chemotherapy
and anti-VEGF vs. anti-EGFR antibodies. Patients who
had already received treatment with biological agents
before development of BM, had a significantly worse overall
survival. When we included patients only exposed to anti-
VEGF treatment, this difference was no longer significant.
It appears that patients who have not excluded all available
systemic treatment options are still able to have a survival
at least comparable to patients who will never develop brain
metastases.

Conclusions

In summary, BM is an uncommon and late event in the
natural history of metastatic CRC. Treatment with biologic
agents may delay the development of BM. The ability to
deliver combined-modality local brain therapy as well as
availability of more systemic therapy options appears to lead
to improved outcomes.
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