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ABSTRACT

Background: Metastasis of colorectal cancer to the central nervous system
(CNS) is relatively rare but leads to shorter survival for these patients, even
with improvements in palliative treatments.

Obijectives: The primary objective of this study was to assess the overall
survival of patients with brain metastasis from colorectal cancer treated at
the A.C. Camargo Cancer Center. The secondary objectives were to identify
clinical and epidemiological factors, correlate clinicopathological factors
with overall survival, and describe prognostic factors associated with CNS
metastasis.

Methods: We retrospectively evaluated patients with metastatic colorectal
cancer and CNS involvement treated from January 2002 to August 2020 at
a single cancer center.

Results: We identified 46 patients with a median age of 63.9 years; 50%
were male, and 80% had a good performance status. The predominant
primary site was the left colon (71.7%). Sixty percent were stage IV, 71.7%
had previously presented with lung metastasis, and 76.7% had a high
volume of lung disease. RAS mutations were detected in 56.5% of the pts.
Progression to the CNS occurred after a median of three treatment lines,
with a median time of 49.5 months between diagnosis and progression to
the CNS. Sixty percent had supratentorial lesions, and 55.6% had only one
lesion. After a median follow-up time of 27.2 months, the overall survival
was 6.4 months. Surgery and radiation were associated with improved
overall survival (HR 0.24, 95% C1 0.09-0.67; p = 0.006; and HR 0.20, 95%
Cl1 0.08-0.5; p = 0.001, respectively).

Conclusion: Our study found that most patients with CNS metastasis
experienced progression after three lines of palliative treatment, had prior
high-volume lung metastasis, and presented with left-sided tumors. Surgery
and radiation may improve overall survival.
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Introduction

In 2020, colorectal cancer (CRC) accounted for over 1.9
million new cases and 900,000 deaths, making it the third
most common cancer and the second leading cause of
cancer-related mortality globally. Notable geographical
disparities exist in incidence and mortality rates, as well
as in trends over time and projected future burdens of
CRC across various countries and regions.!-3 In Brazil, CRC
is the third most common neoplasm. It is estimated that for
each year in the 2020-2022 ftriennium, there will be
20,520 cases of CRC in men and 20,470 in women,
corresponding to an estimated risk of 19.63 new cases

per 100,000 men and 19.03 per 100,000 women.4

In the progression of this tumor, the most common sites of
metastasis are the liver, lungs, lymph nodes, and less
frequently the central nervous system (CNS).> However,
the incidence of brain metastasis has increased thanks to
advances in the systemic treatment of advanced CRC,
particularly following the emergence of anti-EGFR
(epidermal growth factor receptor) therapies and anti-
vascular endothelial growth factor (anti-VEGF) therapy,
which have improved life expectancy and prognosis.®
Among gastrointestinal tumors, CRC has the highest
incidence of brain metastasis, though it remains
uncommon, at around 2-3%.5

Certain genetic mutations associated with a favorable
microenvironment promote the emergence of metastasis
in the CNS. It is known that mutations and amplifications
of the EGFR are associated with the tumorigenesis of
brain metastasis;” likewise, KRAS mutations, which are
most common in CRC and sometimes have a higher
prevalence than in primary tumors. The latter is
associated with a worse prognosis.8 In a case series from
the Memorial Sloan Kettering Cancer Center, it was
observed that 75% of patients with brain metastasis had
mutated RAS, thus presenting an independent risk factor
for this complication.?

Most metastatic lesions in the CNS from CRC occur in the
cerebral hemispheres (48-58%), followed by the
cerebellum (18-43%), and less frequently, multiple
lesions (23-33%).8 The most common symptoms include
headaches, seizures, motor or visual disturbances, and
aphasia, depending on the affected area.? Typically, the
patient profile includes those whose primary tumor is
located in the rectum, with other extracranial lesions,
primarily in the lungs, and who develop symptomatic
brain lesions approximately 25 months after diagnosis.'°

The prognosis for patients with metastatic CRC becomes
guarded following the emergence of metastasis in the
CNS, typically around six months. However, certain
factors indicate a poorer prognosis, including: being
under 65 years of age, a short interval between the
diagnosis of CRC and the onset of metastasis, elevated
carcinoembryonic antigen (CEA) levels, the presence of
more than three intracranial lesions, and whether the
lesions are resectable.’' Additionally, the number of
treatment lines administered before diagnosis serves as
an independent risk factor for survival.

Prognostic tools such as recursive partitioning analysis
(RPA), diagnosis-specific graded prognostic assessment
(DS-GPA), the Radiation Therapy Oncology Group
staging system, and the Score Index for Brain metastasis

(SIR) are useful in determining prognosis.’2 The RPA
categorizes patients into three classes, with progressively
worse prognosis. Class 1 includes patients with a
Karnofsky Performance Status greater than 70, under 65
years old, with controlled primary tumors and no
evidence of extracranial metastasis. Class 3 encompasses
those with a KPS less than 70, while Class 2 includes all
others.12 Studies by Fountzilas et al. demonstrated that
patients in RPA Class 1 have a median overall survival
(OS) of 28.7 months, whereas those in Class 2 average
3.2 months, and Class 3 patients have the shortest
survival, around 1.4 months.’3

Managing these  metastasis  should involve «a
multidisciplinary  discussion.  Literature  consistently
supports improved survival outcomes when patients
receive local treatment; those who undergo combined
local therapy have better survival rates compared to
those receiving single-modality treatments like surgery or
radiotherapy.!'® Despite advancements in systemic and
local therapies and imaging methods for early diagnosis,
there remains a need for better identification of
predictive factors for the development of this
complication, as well as other clinical-pathological
prognostic factors.4

Obijectives

The primary objective of this study was to evaluate the
OS of patients diagnosed with brain metastasis from CRC
treated at the A.C. Camargo Cancer Center. The
secondary objectives were to identify clinical,
epidemiological, and pathological factors; correlate
clinical-pathological factors with OS; and describe
prognostic factors associated with CNS metastasis.

Methods

This was a descriptive, analytical, retrospective, single-
center study of patients treated at the A.C. Camargo
Cancer Center from January 2002 to August 2020.

Inclusion criteria  were: patients with colorectal
adenocarcinoma and brain metastasis treated at the A.C.
Camargo Cancer Center during the specified period;
age over 18; and sufficient medical record data for
analysis. The exclusion criterion was patients with a
second primary cancer, except for those classified as in
situ. Collected clinical data included: sex, performance
status according Eastern Cooperative Oncology Group
(ECOG), laterality of the primary tumor, staging at
diagnosis, pathological and molecular characteristics
(mutations in RAS, BRAF, MSI), use of anti-EGFR therapy,
number of lines of systemic treatment, presence and
volume of pulmonary metastasis, and characteristics of
CNS metastasis (number of lesions, location, treatment
administered, and recurrence).

Descriptive statistics were used to summarize absolute
and relative frequencies and medians. The chi-square test
or Fisher's exact test was employed to compare binary
variables, when necessary. Survival curves were
generated using the Kaplan-Meier method, with the log-
rank test employed for group comparisons. Multivariate
analysis was conducted using Cox regression. SPSS
software version 24 was utilized, and statistical tests
were considered significant at p < 0.05 with a 95%
confidence interval (Cl).
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Results
From 2002 to 2020, a total of 46 patients with metastatic
CRC involving the CNS were included in the study. (Table

1) Of these, 50% were male; 36 patients (78.2%) had
good performance status (ECOG O or 1); and 33 patients
(71.7%) had their primary tumor in the left colon.

Table 1. Descriptive characteristics of the study population.

Sex n=46 T stage n=44
Male 23 (50%) T1 -T2 4 (9,0%)
Female 23 (50%) T3 -T4 26 (59%)

ECOG n =45 Lymph Node stage n=44
0-1 36 (78,2%) NO 5(11%)
>2 9 (19,6%) N1 18 (39,1%)

N2 12 (26,1%)

Sidedness n=46 RAS status n=46
Left 33 (71,7%) Wild 20 (43,5%)
Right 13 (8,3%) Mutated 26 (56,5%)

Initial staging n =43 BRAF status n=46
=1 17 (39,5%) Wild 10 (21,7%)
v 26 (60,5%) Mutated 2 (4,3%)

Unknown 34 (73,9%)

Lung metastasis n=46 MSI status n=46
No 13 (28,3%) Yes 1(2,2%)
Yes 33 (71,7%) No 29 (64%)

Unknown 16 (33%)

Lung disease burden n= 30 anti-EGFR therapy n=46

Low (<2 lesions)

7 (23,3%)

No

16 (34,8%)

High (> 2 lesions) 23 (76,7%) Yes 30 (65,2%)
Previous lines n =45 CNS location n =46

1 7 (15,6%) Supratentorial 28 (60,9%)

2 14 (31,1%) Infratentorial 6 (13%)

>3 23 (51%) Both 12 (26,1%)
CNS lesions number n =46 CNS recurrence n=46

1 25 (55,6%) No 30 (65,2%)

>2 20 (44,4%) Yes 16 (34,8%)

ECOG: Eastern Cooperative Oncology Group. MSI: microsatellite instability. EGFR: epidermal growth factor receptor.

CNS: central nervous system.

At diagnosis, 26 patients (60.5%)

were already
metastatic, with 26 (59%) exhibiting tumors that invaded

The majority received radiotherapy alone, with 40.9%
whole brain

proposed for

radiation,

the muscularis propria up to pericolic tissue (T3) or
perforated the visceral peritoneum (T4), while 65.2%
had lymph node involvement. RAS mutations were present
in 26 patients (56.5%), and 30 patients (65.2%) had
been treated with some form of anti-EGFR therapy. Only
2.2% of patients showed microsatellite instability. The
majority (73.9%) had unknown BRAF status, and among
those tested, only 4.3% were mutated.

Most patients (71.7%) had pulmonary metastasis, with
76.7% of these cases categorized as high-volume
disease (defined as having two or more lesions, whether
bilateral or not). Additionally, 51% developed CNS
metastasis after three or more lines of systemic treatment.
The most common site for metastasis was the
supratentorial region, with 25 patients (55.6%) having a
single brain lesion. Notably, 65.2% of patients did not
experience recurrence in the CNS.

Exclusive palliative care was provided to 19.6% of
patients who were not fit for other procedures. Isolated
surgery was performed on 15.2% of patients, while
17.3% underwent surgery followed by radiotherapy.

stereotactic radiation, and 31.8% for radiosurgery.

The median time from CRC diagnosis to progression to
CNS involvement was 49.5 months, while the median time
from first-line systemic treatment to CNS progression was
33 months. The median time from pulmonary metastasis
diagnosis to CNS metastasis diagnosis was 19.3 months,
and 15.6% of patients were asymptomatic.

After a median follow-up of 27.2 months, the OS

following the diagnosis of CNS metastasis was 6.4 months
(1.61 = 11.13 months).

Lymph node involvement (hazard ratio [HR] 1.74, 95% Cl
0.79-3.83; p: 0.17), bilateral pulmonary involvement (HR
1.97,Cl10.67-5.8; p: 0.21), ECOG (HR 2.7, 95% CI 0.89-
8.19; p: 0.11), and exposure to multiple lines of systemic
treatment (HR 1.61, 95% Cl 0.76-3.39; p: 0.71) showed
no significant correlation with OS.

Surgery was associated with improved OS of 20.1
months, reducing the risk of death by 76% (HR 0.24, 95%
Cl 0.09-0.67; p: 0.006) (Figure 1).
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Figure 1. Overall survival according to CNS surgery.
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Radiotherapy also correlated with increased OS (8.2
versus 2.6 months) with a 80% reduction in the risk of
death (HR 0.20; 95% CI 0.08-0.5; p: 0.001) (Figure 2).

In multivariate analysis, both surgery and radiotherapy
emerged as independent factors associated with
increased OS (HR 0.29, 95% Cl 0.10-0.86; p: 0.002;
and HR 0.17, 95% CI 0.06-0.51; p: 0.025, respectively).

Figure 2. Overall survival according to CNS surgery.

10 CNSRDT
T 1 oyes
\F no
0,87
= o067
©
=
c
3
»
0.4
0.2
0.0
T T T T T
.00 10,00 20,00 30,00 40,00
Follow-up (months)
o o
Discussion

Our study described the profile of patients associated
with the development of CNS metastasis at the A.C.
Camargo Cancer Center between 2002 and 2020. Most
patients had a primary tumor on the left side, presented
with  high-volume pulmonary metastasis, and had
undergone more than two lines of prior treatment, with
CNS lesions primarily located in the supratentorial region.
The median survival of these patients was slightly over six
months, and both surgery and radiotherapy were linked
to improved overall survival.

The majority of our patients had a good performance
status (ECOG O or 1) at the time of cancer diagnosis,
consistent with findings from the study by Nozawa.'5 In
contrast, the Brazilian study by Bonadio et al'é reported
a higher percentage of patients with poorer prognosis,
likely due to the nature of public healthcare services,

where patients often present with more advanced
disease.7-19

Most patients in our study had primary tumors located in
the left colon, similar to findings in other studies.’520 This
may be related to the fact that CNS metastasis from left-
sided tumors can develop at an earlier stage due to the
vascular drainage of the rectum, which directly connects
to the internal iliac vein, providing direct access to the
lungs and CNS.21-24 |n contrast, drainage from the right
colon occurs via the mesenteric vein.2'-24 Furthermore, the
poorer prognosis associated with right-sided colorectal
cancer may result in patients succumbing to the disease
before CNS metastasis appears, which typically occurs at
a later stage.25-29

Indeed, the majority of our patients were diagnosed with
more advanced disease, whether metastatic, as seen in
the studies by Bonadio et al'® and Chahine et al?!, or
presenting with T3 and T4 tumors. Additionally, nearly
90% of our population had lymph node involvement,
which was more pronounced than what is reported in the
literature.15:20

Regarding mutation status, our study aligns with a
research conducted in Melbourne involving 148 patients,
which  primarily aimed to evaluate pulmonary
metastasis.? A sub-analysis of that study found a higher
incidence of RAS mutations in patients with brain
metastasis. Similarly, another study at the Memorial Sloan
Kettering Cancer Center, which evaluated 441 patients
with RAS mutations, revealed that these patients had a
greater incidence of pulmonary, bone, and cerebral
metastasis.30 By the end of the follow-up period, 29 cases
of brain metastasis were identified in mutated patients
compared to 9 cases in wild-type patients.3°

The association between CNS metastasis and pulmonary
metastasis observed in our study is well-supported in the
literature, with multiple studies, including two meta-
analyses with larger populations, showing similar
findings.'53! Generally, a progression of metastasis has
been noted, beginning with liver and pulmonary
involvement, followed by bone and CNS metastasis,
likely due to the vascular dissemination route where tumor
cells initially enter the portal and pulmonary circulation
before reaching the brain.1516.21-24

After the diagnosis of metastatic disease to the central
nervous system, the OS of our patients was 6.4 months,
which is consistent with data from Imaizumi and
colleagues.3?2 In contrast, the study by Bonadio et al.
involving 247 patients reported a poorer survival rate,
likely due to the worse performance status of their
population, with nearly half having an ECOG score of 3
or 4 and over half already classified as stage IV at
diagnosis.’¢

Despite the generally poor prognosis, locoregional
treatment of CNS metastasis from colorectal cancer can
provide benefits for symptom control and survival.3! The
advantages of surgery and radiotherapy that we
observed are also documented in other series.’376 A
meta-analysis conducted by Mege et al., which included
over 1,800 patients with similar characteristics, indicated
an overall survival of approximately 16 months for those
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who underwent surgery.3? However, patients with brain
metastasis often present worse performance status, more
lines of prior treatments, and less likelihood of being
candidates for neurosurgery, which was the case for
nearly 20% of our series.

The roles of radiotherapy and surgery for brain
metastasis in colorectal cancer prognosis are well-
established in the literature. Damiens et al. evaluated 48
patients with similar demographic characteristics and
demonstrated a global survival benefit of 10 months for
those exposed to radiotherapy, regardless of the
modality.34

Our study has several limitations that must be
acknowledged. It is a retrospective, single-center study
with a small sample size and no control group.
Additionally, there was no central and independent
review of the histopathological and imaging reports.
Nonetheless, it holds significance for addressing a still
underexplored area with growth tendency.

There is still much to learn regarding patients at risk for
developing such metastasis, which could improve
screening and lead to earlier treatment and enhanced
quality of life for these patients.

Conclusion

In our study, the majority of patients with CNS metastasis
experienced progression in the CNS after three lines of
palliative treatment, had high-volume prior pulmonary

metastasis, and had their primary tumor located in the
left colon. The median time between diagnosis and the
onset of CNS lesions was over four years. Our data
suggest that patients with CRC exhibiting this profile
should be monitored more closely for potential CNS
metastasis, as timely treatment can reduce mortality.
However, our findings need to be validated in a larger
patient cohort.
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