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Abstract 

Background:  Brain metastasis (BM) of colorectal cancer is a disease with a poor prognosis of only a few months 
survival. However, it is difficult to estimate the individual prognosis of each patient due to the lack of definitive prog-
nosis parameters. The number of metastases and the Karnofsky performance score are known predictors for survival. 
We investigated whether or not the neurological performance score and the tumor volumetrics are equally suitable 
predictors for survival.

Design:  All patients with histologically diagnosed BM linked to colorectal cancer between 2012 and March 2020 
were reviewed. The Medical Research Council Neurological Performance Score was used to quantify neurological 
performance. Univariate analysis with Kaplan-Meier estimate and log-rank test was performed. Survival prediction and 
multivariate analysis were performed employing Cox proportional hazard regression.

Results:  Twenty-five patients were included in our analysis with an overall survival of 4.9 months after surgery of the 
BM. Survival decreased in the univariate analysis with increasing postoperative neurological performance score, low 
Karnofsky performance score, absence of radiation therapy and radiation therapy modality. The neurological perfor-
mance score is a reliable scoring parameter for estimating the prognostic course analogous to the Karnofsky perfor-
mance score. Neither preoperative nor post resection residual tumor volume had any impact on overall survival in our 
small cohort.

Conclusion:  Our data suggest that the postoperative neurological performance is a valuable prognostic factor for 
colorectal cancer patients with BM. Tumor volumetrics show no correlation to survival. Further investigations with a 
larger number of cases are mandatory.

Keywords:  Colorectal cancer, Brain metastasis, Neurologic performance, Prognostic factors, Radiotherapy, 
Volumetrics
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Introduction
The incidence of brain metastases (BMs) in colorectal 
cancer (CRC) is very rare and is estimated to be between 
0.6 and 3.2% [1–4]. The BMs occur at late stages of the 
disease with a median from first diagnosis of CRC to BM 
of over two years [5, 6]. They can, therefore, be considered 
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as a result of increased survival, improved treatment 
options of the underlying disease and better detection of 
even small metastases by magnetic resonance imaging [4, 
7]. The development of BM is metachronic and followed 
up from 24 [8] to 44.6 months [9], depending on the stage 
of the initial manifestation of the CRC [10]. Nevertheless, 
the development of the BM is associated with a very poor 
prognosis and varies between 2 and 8 months after the 
diagnosis of BM [4–6, 8–15].

The survival rates for one and two years are very low at 
21.1 and 3.3%, respectively [10]. In addition to the poor 
prognosis of patients with BM, they often complain of 
neurological impairments, such as headaches, dizziness, 
speech disorders or hemiparesis, due to the localization 
of the metastases in eloquent brain areas. The reduced 
neurological condition of the patients often results in a 
poor quality of life [16]. There are no promising treat-
ment options apart from aggressive surgery followed by 
radiotherapy [17]. Studies on gamma knife surgery have 
shown no survival benefits compared to tumor resec-
tion followed by radiotherapy [18]. A targeted therapy is 
essential to improve the overall prognosis of patients.

There is a lack of prognostic markers in the literature 
on the estimation of patients with BM. An exact prog-
nostic assessment of the patients is essential and helpful 
for decision-making regarding further therapy measures. 
There are considerable differences in everyday clinical 
practice between patients concerning overall survival 
[16]. A prognostic score for the synchronous metastasis 
of CRC and BM was established recently in a compre-
hensive study [16]. The number of metastases and the 
Karnofsky performance score (KPS) were identified as 
relevant prognostic factors.

A positive prognostic value in patients with glioblas-
toma, a malignant brain tumor, was recently assigned to 
the extent of neurological damage postoperatively com-
pared to preoperatively [19]. The authors also describe a 
strong connection between residual tumor volume post-
operatively and the prognosis.

The literature lacks studies on patients with CRC and 
the influence of metastasis volumes, the extent of resec-
tion and the Medical Research Council Neurological Per-
formance Scale (MRC-NPS) on overall survival. The aim 
of this study was to analyze the impact of these param-
eters in CRC patients with BM.

Material and methods
Data collection and analysis were approved by the ethical 
committee of the Medical Faculty, University of Leipzig 
(No. 005/17-ek), and carried out in accordance with data 
protection guidelines. Informed consent for retrospec-
tive data analysis was obtained from all patients treated 
in the Neurosurgical Department of Leipzig University. 

The study included patients with BM from CRC between 
2012 and March 2020. The date of neurosurgery was 
chosen as date of diagnosis of BM. The following vari-
ables were collected: Age, gender, primary tumor site, 
tumor grade (G1, G2, G3), Union for International Can-
cer Control (UICC) state (UICC I, II, III, IV) according to 
the international classification system [20], neoadjuvant 
or adjuvant therapy, BM localization and the modality of 
CNS radiation therapy (stereotactic or whole brain). Data 
for liver, lung and other metastases were obtained from 
clinical records or outpatient service records. Overall 
survival was defined as the time span between the date of 
neurosurgery and date of death. The date of death, if not 
provided by our hospital database, was collected from the 
Leipzig Cancer Registry.

The neurological performance status and Karnofsky 
performance status were routinely assessed at the time 
of hospital admission (preoperative) and within 24 h 
after cranial surgery (postoperative). The 5-point MRC-
NPS adjusted by Bleeheen et al. [21] was used to quantify 
the severity of neurological deficits with (1) no neuro-
logical deficit, (2) some neurological deficit but function 
adequate for useful work, (3) neurological deficit caus-
ing moderate functional impairment (difficulty to move 
limbs, moderate dysphasia, moderate paresis, some vis-
ual disturbance), (4) neurological deficit causing major 
functional impairment (inability to move limbs, gross 
speech or visual disturbances) and (5) inability to make 
conscious responses.

We measured the tumor volume by manual segmen-
tation in BRAINLAB (iPlan Net, version 3.0.5 Cranial, 
Brainlab AG, Munich, Germany) using magnetic reso-
nance imaging scans (gadolinium-enhanced sequence 
t1). The tumor load was defined as the sum of all BM 
volumes per patient. We further distinguished between 
pre- and postoperative tumor load and infratentorial and 
supratentorial tumor load.

Statistical analysis
The statistical analysis was carried out using SPSS sta-
tistics software version 25.0.0 (IBM, Armonk, New York 
State, USA) and Prism version 8.2.0 (GraphPad Software, 
Inc., San Diego, USA). Overall survival was calculated 
using the Kaplan–Meier function. If death did not yet 
occur or if patients were lost to follow-up, the date of last 
contact was included in the statistical analysis as a cen-
sored value.

The significance between survival curves were tested by 
log-rank test. Survival rates were given for three (median 
survival) and five months (mean survival) with standard 
deviation. A survival prediction model for the impact 
of clinicopathological variables was calculated with Cox 
regression. Metric variables were categorized using the 
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mean. All factors with a statistical significance below 0.05 
from univariate analysis were utilized for a multivariate 
analysis via proportional hazard Cox regression in order 
to investigate independent prognostic factors for overall 
survival. The metric variables were categorized into two 
groups according to the median. Hazard ratios are pro-
vided with 95% confidence interval (CI) and were consid-
ered statistically significant if 1 was excluded by 95% CI.

A t-test was used to identify a statistical difference 
between metric variables; the exact Fisher test was used 
for the categorical variables. P-values below 0.05 were 
considered statistically significant.

Results
A total of 25 patients were enrolled in the study over a 
period of eight years (see Table  1 for patient character-
istics). One patient had a second symptomatic BM dur-
ing this period, which led to a second surgery after six 
months. The median age of the patient at first diagnosis 
of CRC was 63 years (range 30 – 81 years). The most fre-
quent grading at the time of first diagnosis was G3 (36%), 
and the majority of patients were at UICC stage III. Only 
nine patients (36%) had metastases at the time of the ini-
tial diagnosis of CRC (three patients with synchronous 
lung metastases (12%) and five cases with synchronous 
liver metastases (20%). The symptomatic BM led to the 
diagnosis of a CRC in two patients.

The majority of patients had localization-specific 
symptoms (18 patients; 72%) which led to the diagno-
sis of BM; three patients (12%) suffered from unspecific 
cranial symptoms like headache or nausea, the BM was 
an incidental finding for four patients (16%). In addition, 
36% of patients (9 cases) developed following to the BM 
further systemic metastasis of the bones (60%), perito-
neum (20%), spleen (10%) or mediastinum (10%).

Nearly all patients (92%) received systemic therapy 
after the diagnosis of CRC. Patients received and aver-
age of three different chemotherapeutic agents or 
immunomodulators (median: 3, range: 0 – 8) before 
diagnosis of BM (used chemotherapeutics: 5-fluoruracil, 
leucovorin, irinotecan, oxaliplatin, trifluridine/ tipiracil, 
capecitabin; used immunomodulators: bevacizumab, 
cetuximab, panitumumab, ramucirumab, aflibercept, 
regorafenib). Four patients received radiotherapy of the 
rectum (16%) and seven patients were irradiated at dis-
tant metastases (28%, excluding BMs).

The BMs developed an average of 47.2 months (median: 
51 months, range: 0 – 102 months) after the initial diag-
nosis of CRC. A singular BM was present in 13 cases 
(52%; systemic metastases: lung metastasis: 72% of all 
patients, liver metastasis: 60% of all patients, spleen 
metastasis: 4% of all patients, peritoneal metastasis: 
8% of all patients, bone metastasis: 20% of all patients, 

mediastinal metastasis: 4% of all patients) and a solitary 
metastasis in three cases (12%). The BM was located pri-
marily in the cerebrum (9 cases, 36%), cerebellum (six 
cases, 24%) and both compartiments (10 cases, 40%). If 
there was multifocal manifestation, the symptomatic 
metastasis was removed (cerebellum 54.2%). In one case 
resections of occipital and cerebellar metastases were 
performed.

Overall survival
Patients died 51.7 months (median: 51, range: 5 – 
104 months) after first diagnosis and 4.9 months (median: 
3, range: 0 – 18 months) after BM diagnosis. The mean 
age of death was 66 years (median 66 yr, range 37 – 81 yr). 
Survival rates three and five months after diagnosis 
of brain lesions were estimated by Kaplan Meier sur-
vival curves and significance was tested by log-rank test 
(Table S1). Two patients showed long-term survival of 
14 and 18 months, both were male, had UICC stage III 
at first diagnosis and developed systemic metastases in 
the lung and liver. P1 was 30 years old at initial diagnosis 
and 36 years old at BM detection; P2 was 57 years old and 
63 years old at BM diagnosis. Both showed a singular BM 
and received stereotactic radiation of the lesion over the 
course of the disease.

Volumetrics
A little more than half of the patients (13 cases, 52%) had 
a singular/solitary BM.

Patients had an average of 1.6 metastases (median: 
1, range: 1 – 6), most of them in the cerebrum and cer-
ebellum (10 cases, 40%). Patients with rectal carcinoma 
had the most BM in the cerebral and cerebellar (8 cases, 
57.14%), patients with colon carcinoma had the most 
BM in the cerebrum (6 cases, 54.54%; Table 1). The BM 
localization was independent of the primary localiza-
tion of the CRC. The average preoperative tumor load 
was 15.6 cm3 (median: 14.6 cm3, range 1.73 – 29.46 cm3) 
and the average postoperative tumor load was 3.38 cm3 
(median: 0 cm3, range 0 – 19 cm3). The extent of tumor 
resection was 12.53 cm3 (median: 11.2 cm3, range 1.73 – 
28.36 cm3). A complete resection was possible in 13 cases 
(52%), of which two patients (8%) had multiple metasta-
ses (Table 2).

Radiation therapy
After resection of the metastasis, 70.8% of patients (17 
cases) received adjuvant brain radiotherapy in the form 
of stereotactic (11 patients, 44%) or whole brain radia-
tion (6 patients, 24%). Most of the patients who were not 
irradiated were classified as non-irradiatable by the KPS 
(KPS < 70%: 4 cases (66.67%), p-value 0.038, exact Fisher 
test) or MRC-NPS (MRC-NPS ≥ 4: 4 cases (66.67%), 
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p-value 0.038, exact Fisher test); irradiation was declined 
by the patients in a few cases (3 cases, 12%). The patients 
with whole brain radiation had a mean of 2.5 metas-
tases (median 2, range 1 – 6) and a total tumor load of 
20.95 cm3 (median: 21.62 cm3, range: 9.76 – 29.56 cm3). 
By comparison, patients with stereotactic radiation had 
an average of 1.5 metastases (median: 1, range 1 – 3, 
p-value 0.175, t-test) and a preoperative tumor load of 
13.18 cm3 (median: 10.76 cm3, range: 2.92 – 26.35 cm3, 
p-value: 0.082, t-test). Postoperatively, patients with 
whole brain radiation had a tumor load of 3.42 cm3 
(median: 0.36 cm3, range: 0 – 10.41 cm3), while patients 
with stereotactic radiation had an average of 3.96 cm3 
(median: 0 cm3, range: 0 – 19 cm3).

Neurological performance
Patients were preoperatively in a good neurological (72% 
MRC-NSP: 1 or 2) and clinical status (KPS: 100% ≥ 70 
KPS, Table  3). Seven patients experienced a worsening 
of the neurological status postoperatively (preoperative 
MRC-NPS difference: mean: 0.64, median: 0, range 0 – 
3) and 10 patients a worsening of the KPS (preoperative 
KPS difference: mean: 16, median 10, range: 0 – 70). One 
patient died within a few days of surgery from a postop-
erative complication with intracerebral hematoma. One 
patient had not received surgery due to a rapid deteriora-
tion of his condition resulting in early death.

Prognostic factors
No influence of the different pre- and postoperative 
tumor volumes could be identified in the investigation 
of individual factors on survival. However, there was 
a statistically significant difference in survival related 
to the performance of brain radiation (p-value: 0.0078, 
log-rank test) and the different brain radiation modali-
ties (p-value: 0.009, log-rank test). A good neurological 
postoperative condition of the patient yielded a survival 
benefit (MRC-NPS ≥ 4; p-value: 0.006, log-rank test; see 

Table S1). It is worth noting that all patients had a good 
neurological status preoperatively; the MRC-NPS did 
not exceed 3. Postoperatively, on the day of discharge, 
the MRC-NPS was an average of 2, 0.64 points worse 
than preoperatively. Survival decreased with increasing 
postoperative MRC-NPS (p-value 0.001, log-rank test) 
and MRC-NPS difference (p-value 0.006, log-rank test). 
The KPS behaves equivalently. The preoperative MRC-
NPS and KPS had no influence on survival. Subgroups 
were employed to assess the influence of neurological 
performance and radiotherapy more accurately. Patients 
who received radiotherapy and were of good neurologi-
cal status (MRC-NPS < 4) had a significantly better sur-
vival (log-rank p-value 0.003, 3-month survival 70.1% 
(± 12.6%) compared to the other groups (without radio/
MRC-NPS ≥ 4: 3-month survival of 33.33%, ± 27.2%; 
without radio/MRC-NPS < 4 and radio/ MRC- NPS ≥ 4: 
3-month survival of 0% each).

Other factors were examined and showed no signifi-
cant effect on the overall survival (See Table S1).

We used Cox proportional hazard regression to identify 
prognostic factors for survival. Good neurologic (MRC-
NPS ≥ 4), good clinical status (KPS ≥ 70) postoperatively, 
performance of brain irradiation and irradiation modality 
were identified as prognostic factors on prolonged sur-
vival at the univariate level (Table 4, Fig. 1). Tumor vol-
umes had no predictive effect on survival (Fig. 1), neither 
did other preclinical and clinical factors (Table S2). How-
ever, multivariate testing did not identify any of these fac-
tors as independently relevant regarding overall survival 
(Table 4).

Discussion
The characteristics of our collective and their survival 
times are comparable to previously published data from 
other authors [4, 6, 8, 14]. A precise understanding of 
prognostic factors is relevant for therapy planning due 
to the heterogeneity of the tumor disease and the vastly 

Table 2  Perioperative volumetrics of brain metastases

total colon cancer rectal cancer

N = 25 N = 11 N = 14

mean (min–max) mean (min–max) mean (min–max)

tumor volume of operated BM, cm3 12.63 (1.73–28.66) 13.27 (1.73–25.99) 12.13 (4.70–28.66)

preoperative tumor load, cm3 15.90 (1.73–29.46) 15.07 (1.73–25.99) 16.56 (4.70–29.46)

postoperative tumor load, cm3 3.38 (0–19.00) 2.05 (0–10.95) 4.42 (0–19.00)

difference tumor loads pre−/postoperative, cm3 12.53 (1.73–28.36) 13.02 (1.73–25.99) 12.14 (4.70–28.36)

tumor volume cerebellar, preoperative, cm3 8.25 (0–28.66) 8.45 (0–25.99) 8.08 (0–28.66)

tumor volume cerebellar, postoperative, cm3 0.53 (0–7.49) 0.79 (0–7.49) 0.32 (0–3.30)

BM brain metastasis, N number
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different survival rates for patients after the manifesta-
tion of BM. We demonstrated that the postoperative 
neurological state and the difference between pre- and 
postoperative exerts an influence on the overall sur-
vival on a univariate level. The postoperative MRC-NPS 
is suitable to discriminate between long and short sur-
vival after tumor surgery. The data from our collective of 
patients with BM in CRC confirms the results of a prog-
nostic estimation by the neurological performance score 
from brain tumors [19]. The MRC-NPS is based on the 
KPS, with the same outcome parameters identified. Our 

results regarding KPS as a prognostic factor is consistent 
with previous publications on patients with CRC [7], but 
also other tumor diseases, such as gastric cancer, esopha-
geal cancer, non-small cell lung cancer, breast cancer, 
renal cell cancer, and malignant melanoma [7, 22] or glio-
blastoma [19].

Other prognostic factors we analyzed were radio-
therapy and the modality of brain radiation. In line with 
recent studies, we found that radiotherapy is an impor-
tant part of tumor therapy and prolongs the survival of 
patients with CRC and BM [9, 12, 17, 23]. It is notewor-
thy that only patients with an MRC-NPS < 4 benefited 
from radiation. The neurological status was independ-
ent of the radiation in the estimation of survival but only 
for the good conditions (MRC-NPS < 4). This shows that 
poor neurological status has a greater impact on overall 
survival than adjuvant radiotherapy.

The modality of radiation therapy also influenced the 
overall survival. Patients with whole brain irradiation 
survived for significantly less time than those with stere-
otactic radiation. We suspect that the patients with whole 
brain radiation therapy had a higher tumor burden and 
were concordant to the known prognostic number of BM 
with a poor outcome [15, 23].

The number of BM and the tumor volume did not 
have a statistically significant influence on the radiation 
modality, but a trend was observed. The preoperative, 
postoperative and infratentorial volumes of BMs had no 
influence on survival. This also includes the extent of 
resection measured in cm3. These findings are in contrast 

Table 3  Clinical and neurological performance scores 
perioperative

CRC colorectal cancer, KPS Karnofsky performance status, MRC-NPS Medical 
Research Council Neurological Performance Score, N number

total CRC​ colon cancer rectal cancer

N = 25 N = 11 N = 14

Number (%) Number (%) Number (%)

preoperative KPS 100 2 (8.00) 0 2 (14.29)

90 9 (36.00) 5 (45.45) 4 (28.57)

80 7 (28.00) 4 (36.36) 3 (21.43)

70 7 (28.00) 2 (18.18) 5 (35.71)

postoperative KPS 100 1 (4.00) 0 1 (7.14)

90 4 (16.00) 2 (18.18) 2 (14.29)

80 4 (16.00) 2 (18.18) 2 (14.29)

70 10 (40.00) 4 (36.36) 6 (42.86)

50 2 (8.00) 2 (18.18) 0

40 1 (4.00) 0 1 (7.14)

20 2 (8.00) 0 2 (14.29)

10 1 (4.00) 1 (9.09) 0

KPS difference 0 10 (40.00) 3 (27.27) 7 (50.00)

10 6 (24.00) 4 (36.36) 2 (14.29)

20 5 (20.00) 3 (27.27) 2 (14.29)

50 2 (8.00) 0 2 (14.29)

60 1 (4.00) 0 1 (7.14)

70 1 (4.00) 1 (9.09) 0

preoperative MRC-
NPS

1 9 (36.00) 7 (63.64) 2 (14.29)

2 9 (36.00) 2 (18.18) 7 (50.00)

3 7 (28.00) 2 (18.18) 5 (35.71)

4 0 0 0

5 0 0 0

postoperative MRC-
NPS

1 8 (32.00) 6 (54.55) 2 (14.29)

2 6 (24.00) 2 (18.18) 4 (28.57)

3 5 (20.00) 0 5 (35.71)

4 3 (12.00) 2 (18.18) 1 (7.14)

5 3 (12.00) 1 (9.09) 2 (14.29)

MRC-NPS difference 0 18 (72.00) 8 (72.73) 10 (71.43)

1 1 (4.00) 0 1 (7.14)

2 3 (12.00) 1 (9.09) 2 (14.29)

3 3 (12.00) 2 (18.18) 1 (7.14)

Table 4  Univariate and multivariate survival analysis 
performed by Cox proportional hazard regression with factors 
from univariate analysis p >   0.05. The metric variables were 
dichotomized according to the median

HR Hazard ratio, KPS Karnofsky performance status, MRC-NPS Medical Research 
Council Neurological Performance Score. a degree of freedom reduced due 
to constant or linear dependent covariates, constant or linearly dependent 
covariates postoperative MRC-NPS ≥ 4, postoperative KPS ≥ 70

HR (95% CI) p-value

univariate

  postoperative KPS, ≥ 70 4.25 (1.25–14.45) 0.021

  postoperative MRC-NPS, ≥ 4 4.25 (1.25–14.45) 0.021

  radiation therapy brain 0.25 (0.08–0.80) 0.019

  radiation therapy modality, whole brain 5.40 (1.27–22.88) 0.022

  preoperative tumor load, >  14.59 cm3 1.66 (0.66–4.19) 0.283

  postoperative tumor load, >  0 cm3 1.03 (0.41–2.60) 0.948

multivariate

  postoperative KPS, ≥ 70 0.16 (0.02–1.18) 0.072

  postoperative MRC-NPS, ≥ 4 a

  radiation therapy brain a

  radiation therapy modality, whole brain 4.36 (0.95–20.02) 0.059
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Fig. 1  Predicted overall survival in CRC. Survival time analyzed for postoperative MPC-NPS divided into less than 4 and greater or equal to 4 (A); 
survival time depending on postoperative KPS less than 70 and greater or equal to 70 (B); survival time depending on radiation therapy (C) and 
radiation modality (D); pre-surgery tumor volume (E) and analysis of four subgroups and plotted survival time depending on radiation therapy and 
NPS (F). All diagrams via COX regression. * indicates significant p-values (COX Regression)
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to reports from other authors [10, 15, 17]. The lack of 
statistical significance in our patients is most probably 
caused by the relative small group size.

Factors such as age [1, 16, 17], type and extent of his-
tory of chemotherapy [7, 24, 25], gender [17], further 
extracranial metastases [3, 15, 23] or timing of diagnosis 
[17] had no influence on the overall survival in our study.

There are two patients in our collective with long-term 
survival over twelve months; a significant difference com-
pared to the other patients was not verifiable due to the 
small number. A pronounced diversity is shown in the 
descriptive analysis regarding age and therapy history. 
Further investigations with a larger collective are neces-
sary to make a group description for patients with long-
term survival.

Limitations
This study has potential limitations. Due to the retro-
spective design, a bias cannot be excluded. In addition, 
because of the study design, only patients who were 
scheduled for advanced surgical care were included. This 
selection bias must be taken into account. Furthermore, 
the sample size was relatively small (n = 25). The treat-
ment strategies and the detectability of BM changed due 
to improved detection methods during the study period 
of 8 years. In addition, there is a lack of histopathologi-
cal markers, such as CEA and KRAS, which have been 
shown to have an influence on survival [16, 26].

Outlook
It is necessary in a further analysis to extend our results 
to a larger collective. It is particularly necessary to have 
a close look at histopathological or even genetic markers 
in order to make a prognosis estimation depending on 
the tumor characteristics. This poses a certain challenge 
since BM in patients with CRC are very rare.

Conclusion
In summary, we were able to confirm previous charac-
teristics from other studies. We verified the low survival 
time of 4.9 months particularly regarding overall survival. 
We identified brain radiation therapy, radiation modal-
ity, clinical (KPS) and neurological (MRC-NPS) post-
operative performance score in the univariate analysis 
as important prognostic factors for overall survival. The 
MRC-NPS is based on the KPS and can be used equiva-
lently. We showed that metastasis volumetrics do not 
have a significant influence on overall survival in our 
small cohort.

Abbreviations
BM: Brain metastasis; CI: Confidence interval; CRC​: Colorectal cancer; HR: 
Hazard ratio; KPS: Karnofsky performance score; MRC-NPS: medical research 

council neurological performance score; OS: Overall survival; SD: Standard 
deviation; UICC: Union for International Cancer Control.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12885-​022-​09435-​1 .

Additional file 1: Table S1. Survival rates after 3 (median survival) and 
5 months (mean survival). P-value is estimated by log-rank test

Additional file 2: Table S2. Univariate survival analysis performed by Cox 
proportional hazard regression.

Acknowledgements
We acknowledge support from the Leipzig University within the program of 
Open Access Publishing.

Authors’ contributions
All authors contributed to the study conception and design. Material prepara-
tion, data collection and analysis were performed by CS, CF, GP, FA, ST, JM 
and MF. The first draft of the manuscript was written by CS and all authors 
commented on previous versions of the manuscript. All authors read and 
approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. No funding 
was received for this research.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due ethics approval but are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
This retrospective chart review study involving human participants was 
undertaken in accordance with the ethical standards of the institutional 
and national research committee and the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. The ethical committee 
of the Medical Faculty, University of Leipzig (No. 005/17-ek) approved this 
study. Informed written consent to participate and for publication of their 
clinical data and/or clinical images was obtained from patients or patients’ 
legal guardians by mail and/or during their admission to the Department of 
Neurosurgery.

Consent for publication
Informed written consent to participate and for publication of their clinical 
data and/ or clinical images was obtained from patients or patients’ legal 
guardians by mail and/or during their admission to the Department of 
Neurosurgery.

Competing interests
All authors certify that they have no affiliations with or involvement in any 
organization or entity with any financial or non-financial interest in the subject 
matter or materials discussed in this manuscript.

Author details
1 Department of Neurosurgery, University Hospital Leipzig, Liebigstrasse 20, 
04103 Leipzig, Germany. 2 Division of Neuropathology, University Hospital 
Leipzig, Liebigstrasse 26, 04103 Leipzig, Germany. 3 Institute of Neuroradiology, 
University Hospital Leipzig, Liebigstrasse 20, 04103 Leipzig, Germany. 4 Leipzig 
Cancer Registry, University Hospital Leipzig, Philipp‑Rosenthal‑Strasse 27b, 
04103 Leipzig, Germany. 

Received: 23 January 2021   Accepted: 21 March 2022

https://doi.org/10.1186/s12885-022-09435-1
https://doi.org/10.1186/s12885-022-09435-1


Page 10 of 10Sander et al. BMC Cancer          (2022) 22:336 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
	1.	 Christensen TD, Spindler K-LG, Palshof JA, Nielsen DL. Systematic review: 

brain metastases from colorectal cancer – incidence and patient 
characteristics. BMC Cancer. 2016;16:260. https://​doi.​org/​10.​1186/​
s12885-​016-​2290-5.

	2.	 Mongan JP, Fadul CE, Cole BF, Zaki BI, Suriawinata AA, Ripple GH, et al. 
Brain metastases from colorectal cancer: risk factors, incidence, and the 
possible role of chemokines. Clin Colorectal Cancer. 2009;8:100–5.

	3.	 Tanriverdi O, Kaytan-Saglam E, Ulger S, Bayoglu IV, Turker I, Ozturk-Topcu 
T, et al. The clinical and pathological features of 133 colorectal cancer 
patients with brain metastasis: a multicenter retrospective analysis of 
the gastrointestinal tumors working Committee of the Turkish Oncol-
ogy Group (TOG). Med Oncol. 2014;31:152. https://​doi.​org/​10.​1007/​
s12032-​014-​0152-z.

	4.	 Silva IL, Iskandarani M, Hotouras A, Murphy J, Bhan C, Adada B, et al. 
A systematic review to assess the management of patients with 
cerebral metastases secondary to colorectal cancer. Tech Coloproctol. 
2017;21:847–52. https://​doi.​org/​10.​1007/​s10151-​017-​1707-8.

	5.	 Tokoro T, Okuno K, Hida J-c, Ueda K, Yoshifuji T, Daito K, et al. Prognostic 
factors for patients with advanced colorectal cancer and symptomatic 
brain metastases. Clin Colorectal Cancer. 2014;13:226–31. https://​doi.​org/​
10.​1016/j.​clcc.​2014.​09.​008.

	6.	 Michl M, Thurmaier J, Schubert-Fritschle G, Wiedemann M, Laubender RP, 
Nüssler NC, et al. Brain metastasis in colorectal cancer patients: survival 
and analysis of prognostic factors. Clin Colorectal Cancer. 2015;14:281–90. 
https://​doi.​org/​10.​1016/j.​clcc.​2015.​05.​009.

	7.	 Imaizumi J, Shida D, Narita Y, Miyakita Y, Tanabe T, Takashima A, et al. Prog-
nostic factors of brain metastases from colorectal cancer. BMC Cancer. 
2019;19:755. https://​doi.​org/​10.​1186/​s12885-​019-​5973-x.

	8.	 Tevlin R, Larkin JO, Hyland JM, O’Connell PR, Winter DC. Brain metastasis 
from colorectal carcinoma: a single cancer centre experience. Ir J Med Sci. 
2015;184:673–5. https://​doi.​org/​10.​1007/​s11845-​015-​1272-y.

	9.	 Nozawa H, Ishihara S, Kawai K, Sasaki K, Murono K, Otani K, et al. Brain 
metastasis from colorectal cancer: predictors and treatment outcomes. 
Oncology. 2017;93:309–14. https://​doi.​org/​10.​1159/​00047​8661.

	10.	 Sun Z, Sun Y, Tan L, He J, Li X, She C, et al. Clinical features and prognostic 
factors of brain metastasis from colorectal cancer. Zhonghua Zhong Liu 
Za Zhi. 2016;38:63–8. https://​doi.​org/​10.​3760/​cma.j.​issn.​0253-​3766.​2016.​
01.​012.

	11.	 Kye B-H, Kim HJ, Kang WK, Cho H-M, Hong Y-K, Oh ST. Brain metastases 
from colorectal cancer: the role of surgical resection in selected patients. 
Color Dis. 2012;14:e378–85. https://​doi.​org/​10.​1111/j.​1463-​1318.​2012.​
02962.x.

	12.	 Fountzilas C, Chang K, Hernandez B, Michalek J, Crownover R, Floyd J, 
et al. Clinical characteristics and treatment outcomes of patients with 
colorectal cancer who develop brain metastasis: a single institution 
experience. J Gastrointest Oncol. 2017;8:55–63. https://​doi.​org/​10.​21037/​
jgo.​2016.​12.​11.

	13.	 Khattak MA, Martin HL, Beeke C, Price T, Carruthers S, Kim S, et al. Survival 
differences in patients with metastatic colorectal cancer and with single 
site metastatic disease at initial presentation: results from south Austral-
ian clinical registry for advanced colorectal cancer. Clin Colorectal Cancer. 
2012;11:247–54. https://​doi.​org/​10.​1016/j.​clcc.​2012.​06.​004.

	14.	 Aprile G, Casagrande M, de Maglio G, Fontanella C, Rihawi K, Bonotto 
M, et al. Comparison of the molecular profile of brain metastases from 
colorectal cancer and corresponding primary tumors. Future Oncol. 
2017;13:135–44. https://​doi.​org/​10.​2217/​fon-​2016-​0196.

	15.	 Suzuki Y, Yamaguchi T, Matsumoto H, Nakano D, Honda G, Shinoura N, 
et al. Prognostic factors and treatment effects in patients with curatively 
resected brain metastasis from colorectal cancer. Dis Colon Rectum. 
2014;57:56–63. https://​doi.​org/​10.​1097/​01.​dcr.​00004​36998.​30504.​98.

	16.	 Quan J-C, Guan X, Ma C-X, Liu Z, Yang M, Zhao Z-X, et al. Prognos-
tic scoring system for synchronous brain metastasis at diagnosis of 
colorectal cancer: a population-based study. World J Gastrointest Oncol. 
2020;12:195–204. https://​doi.​org/​10.​4251/​wjgo.​v12.​i2.​195.

	17.	 Damiens K, Ayoub JPM, Lemieux B, Aubin F, Saliba W, Campeau MP, et al. 
Clinical features and course of brain metastases in colorectal cancer: an 
experience from a single institution. Curr Oncol. 2012;19:254–8. https://​
doi.​org/​10.​3747/​co.​19.​1048.

	18.	 Kim HJ, Huh JW, Jung TY, Kim IY, Kim HR, Jung S, et al. Clinical out-
come with gamma-knife surgery or surgery for brain metastases from 

colorectal cancer. J Clin Neurosci. 2013;20:1417–21. https://​doi.​org/​10.​
1016/j.​jocn.​2012.​12.​020.

	19.	 Dietterle J, Wende T, Wilhelmy F, Eisenlöffel C, Jähne K, Taubenheim S, 
et al. The prognostic value of peri-operative neurological performance in 
glioblastoma patients. Acta Neurochir. 2020;162:417–25. https://​doi.​org/​
10.​1007/​s00701-​019-​04136-4.

	20.	 Weitz J, Koch M, Debus J, Höhler T, Galle PR, Büchler MW. Colorectal 
cancer. Lancet. 2005;365:153–65. https://​doi.​org/​10.​1016/​S0140-​6736(05)​
17706-X.

	21.	 Bleehen NM, Stenning SP. A Medical Research Council trial of two 
radiotherapy doses in the treatment of grades 3 and 4 astrocytoma. 
The Medical Research Council brain tumour working party. Br J Cancer. 
1991;64:769–74. https://​doi.​org/​10.​1038/​bjc.​1991.​396.

	22.	 Sperduto PW, Chao ST, Sneed PK, Luo X, Suh J, Roberge D, et al. 
Diagnosis-specific prognostic factors, indexes, and treatment outcomes 
for patients with newly diagnosed brain metastases: a multi-institutional 
analysis of 4,259 patients. Int J Radiat Oncol Biol Phys. 2010;77:655–61. 
https://​doi.​org/​10.​1016/j.​ijrobp.​2009.​08.​025.

	23.	 Gu X-D, Cai Y-T, Zhou Y-M, Li Z-Y, Xiang J-B, Chen Z-Y. Prognostic factors 
and multidisciplinary treatment modalities for brain metastases from 
colorectal cancer: analysis of 93 patients. BMC Cancer. 2015;15:902. 
https://​doi.​org/​10.​1186/​s12885-​015-​1933-2.

	24.	 Aprile G, Zanon E, Tuniz F, Iaiza E, Pauli F de, Pella N, et al. Neurosurgical 
management and postoperative whole-brain radiotherapy for colorectal 
cancer patients with symptomatic brain metastases. J Cancer Res Clin 
Oncol 2009;135:451–457. https://​doi.​org/​10.​1007/​s00432-​008-​0468-1.

	25.	 Jung A, Schrauder M, Oswald U, Knoll C, Sellberg P, Palmqvist R, et al. The 
invasion front of human colorectal adenocarcinomas shows co-localiza-
tion of nuclear beta-atenin, cyclin D1, and p16INK4A and is a region of 
low proliferation. Am J Pathol. 2001;159:1613–7. https://​doi.​org/​10.​1016/​
s0002-​9440(10)​63007-6.

	26.	 Yaeger R, Cowell E, Chou JF, Gewirtz AN, Borsu L, Vakiani E, et al. RAS 
mutations affect pattern of metastatic spread and increase propensity for 
brain metastasis in colorectal cancer. Cancer. 2015;121:1195–203. https://​
doi.​org/​10.​1002/​cncr.​29196.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12885-016-2290-5
https://doi.org/10.1186/s12885-016-2290-5
https://doi.org/10.1007/s12032-014-0152-z
https://doi.org/10.1007/s12032-014-0152-z
https://doi.org/10.1007/s10151-017-1707-8
https://doi.org/10.1016/j.clcc.2014.09.008
https://doi.org/10.1016/j.clcc.2014.09.008
https://doi.org/10.1016/j.clcc.2015.05.009
https://doi.org/10.1186/s12885-019-5973-x
https://doi.org/10.1007/s11845-015-1272-y
https://doi.org/10.1159/000478661
https://doi.org/10.3760/cma.j.issn.0253-3766.2016.01.012
https://doi.org/10.3760/cma.j.issn.0253-3766.2016.01.012
https://doi.org/10.1111/j.1463-1318.2012.02962.x
https://doi.org/10.1111/j.1463-1318.2012.02962.x
https://doi.org/10.21037/jgo.2016.12.11
https://doi.org/10.21037/jgo.2016.12.11
https://doi.org/10.1016/j.clcc.2012.06.004
https://doi.org/10.2217/fon-2016-0196
https://doi.org/10.1097/01.dcr.0000436998.30504.98
https://doi.org/10.4251/wjgo.v12.i2.195
https://doi.org/10.3747/co.19.1048
https://doi.org/10.3747/co.19.1048
https://doi.org/10.1016/j.jocn.2012.12.020
https://doi.org/10.1016/j.jocn.2012.12.020
https://doi.org/10.1007/s00701-019-04136-4
https://doi.org/10.1007/s00701-019-04136-4
https://doi.org/10.1016/S0140-6736(05)17706-X
https://doi.org/10.1016/S0140-6736(05)17706-X
https://doi.org/10.1038/bjc.1991.396
https://doi.org/10.1016/j.ijrobp.2009.08.025
https://doi.org/10.1186/s12885-015-1933-2
https://doi.org/10.1007/s00432-008-0468-1
https://doi.org/10.1016/s0002-9440(10)63007-6
https://doi.org/10.1016/s0002-9440(10)63007-6
https://doi.org/10.1002/cncr.29196
https://doi.org/10.1002/cncr.29196

	The impact of neurological performance and volumetrics on overall survival in brain metastasis in colorectal cancer: a retrospective single-center case series
	Abstract 
	Background: 
	Design: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Statistical analysis

	Results
	Overall survival
	Volumetrics
	Radiation therapy
	Neurological performance
	Prognostic factors

	Discussion
	Limitations
	Outlook

	Conclusion
	Acknowledgements
	References


