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Association between red blood
cell distribution width and
mortality in patients with
metastatic brain tumors: A
retrospective single-center
cohort study

Ji-Hoon Sim', Yong-Seok Park', Seungil Ha, Sung-Hoon Kim*
and Joung Uk Kim

Department of Anesthesiology and Pain Medicine, Asan Medical Center, University of Ulsan College
of Medicine, Seoul, South Korea

Metastatic brain tumor has been associated with high mortality and poor
prognosis. However, information on indicators predicting surgical prognosis
in patients with brain metastases is limited. This study aimed to investigate the
association between preoperative red blood cell distribution width (RDW) and
mortality in patients who underwent surgery for metastatic brain tumors. This
study analyzed 282 patients who underwent metastatic brain tumor surgery
between August 1999 and March 2020. Patients were divided into two groups
based on preoperative RDW cut-off values (<13.2 and >13.2). The surgical
outcomes were compared between the two groups. Additionally, we
performed Cox regression analysis to assess the association between
preoperative RDW and 1-year and overall mortality. There were significant
differences in 180-day mortality (6.2% vs. 28.7%, P<0.001), 1-year mortality
(23.8% vs. 46.7%, P<0.001), and overall mortality (75.0% vs. 87.7%, P=0.012)
between the two groups. In the Cox regression analysis, RDW > 13.2 was
significantly associated with higher 1-year mortality (adjusted hazard ratio [HR],
2.14; 95% confidence interval [Cl], 1.38—-3.30; P<0.001) and overall mortality
(HR, 1.44; 95% CI, 1.09-1.90; P=0.010). Preoperative RDW is strongly
associated with high mortality in metastatic brain tumor surgery.
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Introduction

Metastatic brain tumors are one of the major causes of high
mortality and poor prognosis in patients with terminal cancer (1, 2).
Brain metastases are also often accompanied by neurocognitive
deterioration, such as decreased sensory and motor function, which
is associated with poor quality of life (3). Treatment options for
patients with brain metastases include surgical tumor resection,
chemotherapy, stereotactic radiosurgery (SRS), whole-brain
radiation therapy, and targeted therapy (4-6). The main goals of
these treatments are to achieve local control of metastatic lesions,
improve quality of life, and prevent death from neurological
complications (7). However, despite these treatments, the median
overall survival rate ranges from 2 to 27.3 months (3, 8-11),
indicating an extremely poor prognosis. Although there have
been some studies on the predictive prognosis in patients with
brain metastasis (12, 13), information on this is still limited.

The red blood cell (RBC) distribution width (RDW) is a
value of the variation in the size of RBCs in blood (14) and is
closely related to acute and chronic inflammation (15, 16) as well
as an indicator of anemia (17). Recently, RDW has been reported
as a simple and objective indicator of patient survival and
complications in acute and chronic diseases (18, 19). Several
studies have also reported that preoperative RDW is associated
with prognosis in various disease-related procedures (20, 21).

However, few comprehensive studies have been conducted
on the associations between preoperative RDW and surgical
prognosis in patients who underwent metastatic brain tumor
surgery. Therefore, this study aimed to comprehensively
evaluate the association between preoperative RDW and
1-year and overall mortality in patients who underwent
surgery for metastatic brain tumors.

Materials and methods
Study design and population

This retrospective study was approved by the Asan Medical
Center Institutional Review Committee (Protocol No. 2022-0596).
Due to the retrospective nature of our study, the requirement for
written informed consent was waived. We analyzed all the patients
who underwent metastatic brain tumor surgery between August
1999 and March 2020. The following patients were excluded:
patients aged <18 or >80 years; patients with hematologic
disorders; patients who underwent emergency surgery; and
patients with incomplete data or missing RDW values.

Clinical data collection and
study outcome

Patient demographic and perioperative variables were
collected using the electronic medical record system.
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Demographic variables included age, height, weight, sex, body
mass index (BMI), diabetes mellitus, hypertension, cardiovascular
disease, chronic kidney disease, other diseases, the American
Society of Anesthesiologists (ASA) classification, Karnofsky
Performance Status (KPS) grading, postoperative chemotherapy,
postoperative radiation therapy, and anticoagulant use. The KPS
grading is a widely used standard method to assess the functional
status of patients with cancer (22).

Variables related to patients’ cancer origin included breast,
colorectal, liver, lung, skin, stomach, neck, unknown, and
multiple organs. Tumor location and tumor maximum size
variables were also collected.

Preoperative laboratory values included international
normalized ratio and levels of hemoglobin, platelet, white blood
cells, serum creatinine, albumin, neutrophil to lymphocyte ratio,
C-reactive protein, carcinoembryonic antigen, carbohydrate
antigen 19-9, sodium, potassium, chloride, aspartate
transaminase, and alanine transaminase. The patient’s total
blood count was determined as the closest laboratory test value
to the date of surgery within 7 days before surgery in the ward.

Intraoperative variables included operative time, administered
crystalloids, mannitol, urine output, and RBC transfusion.

The study outcomes were 180-day mortality rate
(calculated from the date of surgery to 180-day follow-up), 1-
year mortality rate (calculated from the date of surgery to 1-
year follow-up), and overall mortality rate (determined from
the date of surgery to the last follow-up) between the two
groups divided according to preoperative RDW cut-off value.
Cox regression analysis was also performed to assess the
association between preoperative RDW and 1-year mortality
and overall mortality. Additionally, preoperative RDW values
between the survival and non-survival groups were compared
at 180-day, 1-year, and overall period.

Statistical analysis

Data are described as means + SD, medians (interquartile
ranges), or numbers (proportions), as appropriate. We used a
Chi-square test or Fisher’s exact test for categorical data and
Student’s t-test or Mann-Whitney U-test for continuous data.
We performed a receiver operating characteristic (ROC) curve
analysis to determine the cut-off level for predicting 1-year
mortality. Cox regression analysis was performed to assess the
association between preoperative RDW and mortality at 1 year
and overall. All variables with P-value <0.1 in the univariate
analysis were included in the multivariate analysis. The Kaplan-
Meier method was used to evaluate 1-year and overall
cumulative survival according to the preoperative RDW cut-off
level. The log-rank test was used to evaluate changes between
curves. A P-value <0.05 was regarded as statistically significant.
All data were analyzed using SPSS Statistics for Windows
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(version 22.0; IBM Corp., Armonk, NY, USA) or R (version
3.1.2; R Foundation for Statistical Computing, Vienna, Austria).

Results

Of the 310 patients who underwent metastatic brain tumor
surgery, 28 patients were excluded according to the exclusion
criteria (Figure 1). The median follow-up time of patients for
determining the overall mortality was 1.74 (0.75 to 3.88) years.
According to the ROC curve analysis, a preoperative RDW cut-
off value of 13.2 predicted 1-year mortality (area under the curve,
0.656; sensitivity, 60.0%; specificity, 65.2%). A total of 282
patients were divided into two groups: RDW <13.2 (n=160)
and RDW 213.2 (n=122) (Figure 1).

The baseline characteristics and perioperative variables of
the patients are shown in Table 1. There were no significant
differences in demographic variables, such as age (P=0.514), sex
(P=1.000), BMI (P=0.114), KPS grade (P=0.419), postoperative
chemotherapy (P=0.183), postoperative radiation therapy
(P=0.104), and ASA classification (P=0.052) between the two
groups (Table 1). With respect to cancer-related variables, such
as tumor location (P=0.713) and tumor maximum size
(P=0.883), no significant differences were found between the
two groups (Table 1).

In terms of laboratory variables, the RDW =13.2 group had
significantly lower hemoglobin (P<0.001), albumin (P<0.001),
and sodium (P=0.048) levels and higher white blood cell count
(P=0.022) (Table 1).

Moreover, no significant differences were found in the
intraoperative variables, such as operative time (P=0.404),
administered crystalloids (P=0.542), and RBC transfusion
(P=0.099) between the two groups (Table 1).

10.3389/fonc.2022.985263

Study outcomes

Of the 282 patients, 45 (16.0%) expired within 180-day, 95
(33.7%) expired within 1 year, and 227 (80.5%) expired during
the overall period (Table 2). The two groups showed significant
differences in surgical outcomes, with the RDW >13.2 group
demonstrating significantly higher rates of 180-day mortality
(P<0.001), 1-year mortality (P<0.001), and overall mortality
(P=0.012) (Table 2).

In the Cox regression analysis, preoperative RDW >13.2 was
significantly associated with 1-year mortality (hazard ratio [HR], 2.14;
95% confidence interval [CI], 1.38-3.30; P<0.001) (Table 3) and
overall mortality (HR, 1.44; 95% CI, 1.09-1.90; P=0.010) (Table 4).
Additionally, ASA classification 3 and 4 (HR, 2.05; 95% CI, 1.23-3.35;
P=0.004), KPS grade (HR, 2.25 95% CI, 1.39-3.64; P<0.001),
postoperative chemotherapy (HR, 0.58; 95% CI, 0.38-0.88;
P=0.010), liver cancer origin (HR, 4.14, 95% CI 1.92-8.92,
P<0.001), and lung cancer origin (HR 249, 95% CI 1.59-3.88,
P<0.001) were significantly associated with 1-year mortality
(Table 3), whereas the overall mortality was significantly associated
with male sex (HR, 1.44; 95% CI, 1.09-1.91, P=0.011), KPS grade
(HR, 1.77;95% CI, 1.26-2.49; P=0.001), liver cancer origin (HR, 2.52;
95% CI, 1.41-4.48; P=0.002), lung cancer origin (HR, 1.63; 95% CI,
1.21-2.20; P=0.001), and tumor maximum size (HR, 1.10; 95% CI,
1.01-1.20; P=0.036) (Table 4).

Figure 2 shows the Kaplan-Meier curves of 1-year and
overall mortality rates according to the preoperative RDW cut-
offlevel (<13.2 and 213.2). The 1-year and overall mortality rates
were significantly higher in the preoperative RDW >13.2 group
than in the RDW <13.2 group (log-rank test: P<0.001 for 1-year
mortality and P<0.001 for overall mortality).

Preoperative RDW values were significantly different
between the survival and non-survival groups at 180-day

Patients underwent metastatic brain tumor
surgery between August 1999 and March 2020
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FIGURE 1
Study flowchart.
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TABLE 1 Baseline characteristics and perioperative variables of the study population.

Demographic variables
Age, year
Height, cm
Weight, kg
Sex, male
BMI

DM

HTN
CVD
CKD
Others
ASA

1

2

3

4

Karnofsky Performance Status

A (80-100)
B (40-80)
C (0-40)

Postoperative chemotherapy

Postoperative radiation therapy

Anticoagulant
Primary cancer origin
Breast

Colorectal

Kidney

Liver

Lung

Skin

Stomach

Neck

Unknown

Multiple brain tumors
Tumor location
Infratentorial
Supratentorial

Others

Tumor maximum size, cm

Laboratory variables
Hemoglobin, g/dL
Platelet,10°/L
WBC,10°/uL

RBC, 10%/uL

PT, INR

Creatinine, mg/dL

Frontiers in Oncology

RDW<13.2
(n = 160)

60.0 (52.0-68.5)
1625+ 7.6
60.0 (54.4-67.9)
81 (50.6%)
232 (21.1-25.3)

20 (12.5%)
38 (23.8%)
4(2.5%)
0 (0.0%)
7 (4.4%)
6 (3.8%)
136 (85.0%)
18 (11.2%)
0 (0.0%)

134 (83.8%)
20 (12.5%)
6(3.8)
90 (43.8%)
85 (53.1%)
1 (0.6%)

36 (22.5%)
122 (76.2%)
2 (1.2%)
40 (3.1-5.0)

13.8 (12.8-14.7)
224.5 (191.0-283.0)
7.1 (5.5-9.4)
45+ 04
1.0 (0.9-1.0)

0.8 (0.6-0.9)

Study population

RDW=13.2
(n =122)

61.5 (54.0-68.0)
1624 + 7.4
59.0 (52.8-67.0)
61 (50.0%)
22.5 (20.8-24.8)
16 (13.1%)
22 (18.0%)
4(33%)

2 (1.6%)

6 (4.9%)

5 (4.1%)
89 (73.0%)
27 (22.1%)

1 (0.8%)

95 (77.9%)
22 (18.0%)
5 (4.1%)
58(47.5%)
52 (42.6%)
3 (2.5%)

20 (16.4%)
10 (8.2%)
8 (6.6%)
9 (7.4%)

39 (32.0%)
1 (0.8%)
5 (4.1%)
5 (4.1%)
14 (11.5%)
6 (4.9%)

29 (23.8%)
90 (73.8%)
3 (2.5%)
40 (3.0-5.4)

13.1 (11.8-13.8)
232.0 (183.0-302.0)
7.8 (6.2-11.3)
4205
1.0 (0.9-1.1)

0.8 (0.6-0.9)

04

10.3389/fonc.2022.985263

Total
(n = 282)

60.5 (52.0-68.0)
1624 £7.5
60.0 (53.9-67.1)
142 (50.4%)
22.9 (20.9-25.1)
36 (12.8%)
60 (21.3%)

8 (2.8%)

2 (0.7%)

13 (4.6%)

11 (3.9%)
225 (79.8%)
45 (16.0%)

1 (0.4%)

229 (81.2%)
42 (14.9%)
11 (3.9%)
148 (52.5%)
137 (48.6%)
4 (1.4%)

46 (16.3%)
18 (6.4%)
17 (6.0%)
15 (5.3%)
90 (31.9%)
7 (2.5%)
9 (3.2%)
7 (2.5%)
35 (12.4%)
10 (3.5%)

65 (23.0%)
212 (75.2%)
5 (1.8%)
4.0 (3.0-5.2)

134 (12.4-14.4)
228.0 (190.0-289.0)
7.4 (5.8-10.1)
4305
1.0 (0.9-1.0)
0.8 (0.6-0.9)

0.514
0.902
0.184
1.000
0.114
1.000
0.310
0.977
0.363
1.000
0.052

0.419

0.183
0.104
0.434

1.000
0.400
0.941
0.282
1.000
0.238
0.678
0.256
0.815
0.446
0.713

0.883

< 0.001
0.704
0.022
<0.001
0.565
0.239

(Continued)
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TABLE 1 Continued

RDW«<13.2
(n = 160)

Albumin, g/dL 3.9 (3.6-4.2)
NLR 3.8 (1.7-7.2)
CRP, mg/dL 0.1 (0.1-0.4)
CEA, ng/mL 1.9 (0.9-3.6)
CA 19-9, U/mL 8.5 (3.9-20.0)
Sodium 142.6 + 3.6
Potassium 4.2 (4.0-4.5)
Chloride 111.0 (108.0-114.0)
AST, TU/L 22.0 (17.0-28.5)
ALT, IU/L 19.0 (14.0-26.5)

Intraoperative variables
300.0 (262.5-385.0)
2200.0 (1800.0-2800.0)
100.0 (0.0-150.0)
4.3 (2.9-5.8)
20 (12.5%)

Operative time, min
Crystalloids, mL
Mannitol, mL

Urine output, mL/kg/h

RBC transfusion

10.3389/fonc.2022.985263

Study population
RDW=13.2 Total P
(n =122) (n =282)
3.6 (3.2-4.0) 3.8 (3.4-4.1) <0.001
45 (2.5-10.1) 4.0 (2.0-8.1) 0.082
0.1 (0.1-0.5) 0.1 (0.1-0.5) 0278
1.9 (1.2-3.6) 1.9 (1.0-3.6) 0.742
14.4 (5.8-27.4) 10.1 (4.2-22.2) 0.065
1416 + 43 1422 + 4.0 0.048
42 (4.0-4.5) 42 (4.0-4.5) 0.830
109.5 (107.0-113.0) 110.0 (107.0-114.0) 0.070
22.0 (17.0-30.0) 22.0 (17.0-29.0) 0491
22.0 (14.0-37.0) 19.5 (14.0-31.0) 0.057
300.0 (240.0-367.0) 300.0 (250.0-377.0) 0.404
2150.0 (1700.0-2800.0) 2200.0 (1800.0-2800.0) 0.542
100.0 (0.0-150.0) 100.0 (0.0-150.0) 0.615
44 (2.7-5.8) 43 (2.8-5.8) 0.773
25 (20.5%) 45 (16.0%) 0.099

RDW, red blood cell distribution width; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease; CKD, chronic kidney disease; ASA, American
Society of Anesthesiologists; WBC, white blood cell; PT, prothrombin time; INR, international normalized ratio; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein; CEA,
carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; AST, aspartate aminotransferase; ALT, alanine aminotransferase; RBC, red blood cell

Values are expressed as means * standard deviations, medians (interquartile ranges), or absolute numbers (percentages).

(P<0.001), 1-year (P<0.001), and overall period (P=0.004)
(Supplementary Table 1).

Discussion

In this study, we found significant differences in 180-day,
1-year, and overall mortality rates according to the preoperative
RDW cut-off value (<13.2 and >13.2) in patients who underwent
surgery for metastatic brain tumor. Additionally, the
preoperative RDW >13.2 was significantly associated with
1-year and overall mortality. These findings indicate that

TABLE 2 Surgical outcomes of study population.

RDW<13.2
(n = 160)
Surgical outcomes
Hospital stay (days) 7.0 (5.0-10.0)
180-day mortality 10 (6.2%)

38 (23.8%)
120 (75.0%)

1-year mortality

Overall mortality

RDW, red blood cell distribution width.

preoperative RDW might independently predict surgical
prognosis in metastatic brain tumor surgery.

Despite recent advances in neurosurgical techniques,
radiation therapy, and chemotherapy, metastatic brain
tumors remain a major problem with a fatal impact on the
prognosis of patients with cancer: relatively low median
survival (2.9 months) (23) and 2-year survival rate (8%) (24).
However, perioperative parameters that can predict mortality
after metastatic brain tumor surgery are still limited. Tabouret
et al. suggested that the number of systemic metastases and
postoperative systemic treatment strategies is associated with
better surgical outcome in brain metastases from breast cancer

Study population
RDW=13.2 Total P

(n = 122) (n = 282)

6.0 (5.0-8.0) 7.0 (5.0-10.0) 0.255
35 (28.7%) 45 (16.0%) < 0.001
57 (46.7%) 95 (33.7%) <0.001
107 (87.7%) 227 (80.5%) 0.012

Values are expressed as means + standard deviations, medians (interquartile ranges), or absolute numbers (percentages).
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TABLE 3 Cox regression analyses of 1-year mortality.

Univariate

HR 95% CI
RDW=13.2 247 1.64-3.72
Age 1.01 0.99-1.03
BMI 0.98 0.92-1.04
Sex (male) 1.78 1.18-2.69
ASA
1,2 1.00
3,4 2.21 1.39-3.51
DM 0.76 0.40-1.47
HTN 0.78 0.46-1.31
CVD 1.06 0.34-3.35
CKD 1.49 0.21-10.69
Karnofsky Performance Status
A 1.00
B,C 2.01 1.29-3.15
Postoperative chemotherapy 0.58 0.38-0.87
Postoperative radiation therapy 0.77 0.51-1.15
Primary cancer origin
Breast 0.82 0.47-1.45
Colorectal 0.61 0.23-1.67
Kidney 0.84 0.34-2.07
Liver 2.92 1.47-5.82
Lung 2.10 1.41-3.15
Skin 0.75 0.19-3.06
Stomach 1.48 0.54-4.02
Neck 0.38 0.05-2.70
Unknown 0.42 0.18-0.96
Multiple brain tumors 1.76 0.71-4.33
Tumor location
Infratentorial 1.00
Supratentorial 1.26 0.75-2.11
Others 2.40 0.71-8.14
Tumor maximum size, cm 1.11 0.98-1.27
Anemia (Hb <12 g/dL) 2.00 1.29-3.10
Hypoalbuminemia (albumin <3.5 g/dL) 1.81 1.19-2.76
NLR 1.02 1.00-1.04
RBC transfusion 1.45 0.88-2.40

10.3389/fonc.2022.985263

Multivariable
P HR 95% CI P

<0.001 2.14 1.38-3.30 <0.001
0.290 0.99 0.97-1.01 0.221
0.434

0.006 1.55 0.98-2.43 0.059

1.00

<0.001 2.05 1.23-3.35 0.004
0.415

0.346

0.920

0.692

1.00

0.002 2.25 1.39-3.64 <0.001
0.008 0.58 0.38-0.88 0.010
0.199

0.492

0.340

0.704

0.002 4.14 1.92-8.92 <0.001
< 0.001 2.49 1.59-3.88 <0.001
0.694

0.447

0.331

0.040

0.221

0.382

0.161

0.111 1.10 0.96-1.26 0.167
0.002 1.32 0.84-2.10 0.231
0.005 1.01 0.64-1.59 0.971
0.104

0.148

HR, hazard ratio; CI, confidence interval; RDW, red blood cell distribution width; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease; CKD,
chronic kidney disease; ASA, American Society of Anesthesiologists; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell.
Values are expressed as means + standard deviations, medians (interquartile ranges), or absolute numbers (percentages).

(25). Stankiewicz et al. reported that KPS grade, number of
brain metastases, volume of largest lesion, and extra-cranial
metastases were independent predictors of overall survival in
robotic SRS (26). To the best of our knowledge, few studies
have demonstrated the predictive power of other biomarkers in
patients with metastatic brain tumor. This is the first study to
comprehensively analyze the association between mortality
rate and RDW in patients who underwent surgical resection
for brain metastatic cancer and has clinical practicality
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considering that RDW is a relatively simple and inexpensive
laboratory marker.

In our study, preoperative RDW =>13.2 was significantly
associated with 1-year and overall mortality. Although not fully
understood, the following mechanisms may explain the strong
association between RDW and postoperative mortality in
metastatic brain tumor surgery.

First, increased RDW is a sign of a nutritional deficiencies
and anemia, such as a deficiency of iron, folic acid, or vitamin
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TABLE 4 Cox regression analyses of overall mortality.

Univariate

HR 95% CI
RDW=13.2 1.55 1.19-2.01
Age 1.01 0.99-1.02
BMI 1.00 0.97-1.04
Sex (male) 1.54 1.19-2.00
ASA
1,2 1.00
3,4 1.51 1.07-2.12
DM 1.14 0.78-1.66
HTN 1.15 0.84-1.56
CVD 0.96 0.43-2.16
CKD 0.58 0.08-4.16
Karnofsky Performance Status
A 1.00
B,C 1.57 1.14-2.17
Postoperative chemotherapy 1.07 0.82-1.39
Postoperative radiation therapy 1.12 0.86-1.45
Primary cancer origin
Breast 0.99 0.69-1.42
Colorectal 1.20 0.73-1.96
Kidney 0.97 0.57-1.67
Liver 2.13 1.24-3.67
Lung 1.59 1.21-2.09
Skin 1.95 0.91-4.18
Stomach 0.94 0.42-2.12
Neck 0.66 0.27-1.60
Unknown 0.56 0.37-0.86
Multiple brain tumors 1.46 0.75-2.84
Tumor location
Infratentorial 1.00
Supratentorial 1.07 0.79-1.46
Others 0.68 0.21-2.17
Tumor maximum size, cm 1.10 1.02-1.20
Anemia (Hb <12 g/dL) 1.65 1.21-2.24
Hypoalbuminemia (albumin <3.5 g/dL) 1.41 1.06-1.89
NLR 1.01 0.99-1.02
RBC transfusion 1.12 0.79-1.59

10.3389/fonc.2022.985263

Multivariable
P HR 95% CI P
0.001 1.44 1.09-1.90 0.010
0.424 0.99 0.98-1.00 0.146
0.857
0.001 1.44 1.09-1.91 0.011
1.00
0.019 1.42 0.99-2.03 0.059
0.493
0.379
0.923
0.590
1.00
0.006 1.77 1.26-2.49 0.001
0.602 1.10 0.84-1.44 0.491
0.401
0.962
0.477
0916
0.006 2.52 1.41-4.48 0.002
<0.001 1.63 1.21-2.20 0.001
0.084
0.884
0.355
0.008
0.267
0.655
0.510
0.022 1.10 1.01-1.20 0.036
0.001 127 0.92-1.77 0.147
0.019 1.03 0.76-1.41 0.836
0.405
0.510

HR, hazards ratio; CI, confidence interval; RDW, red blood cell distribution width; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular disease; CKD,
chronic kidney disease; ASA, American Society of Anesthesiologists; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell.
Values are expressed as means + standard deviations, medians (interquartile ranges), or absolute numbers (percentages).

B-12 (27). Malnutrition was associated with postoperative poor
surgical prognosis in many previous studies (28, 29). An increase
in preoperative RDW may also be associated with anemia and
peripheral vascular disease (30), which may lead to
intraoperative bleeding risk and blood transfusions (20, 31).
Furthermore, transfusions may cause immunosuppression (32),
hypothermia, and coagulopathy (33), which have been
associated with mortality in surgical patients. Second, RDW is
strongly associated with frailty (34, 35) and chronic
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inflammation (16, 36-38). Bone marrow suppression occurs
during chronic inflammation, which leads to an increase in the
RDW level due to an increase in the abnormal RBC production
and anisocytosis (35). Therefore, RDW is one of several
surrogate markers of chronic inflammation. Several studies
have reported that chronic inflammation is associated with
poor prognosis in various diseases and surgical patients (39,
40). Finally, oxidative stress that accompanies an increase in
RDW may be a mechanism associated with postoperative
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mortality in patients (41). A recent study in elderly patients
found that markers of serum oxidative stress were significantly
associated with mortality (42).

In our study, KPS grade and liver and lung cancer origin
were also significantly associated with 1-year and overall
mortality in the Cox regression analysis. High KPS grade has
been reported as a useful parameter for characterizing subgroups
of patients with a more favorable prognosis (43). Generally, the
life expectancy after a diagnosis of brain metastases from liver
and lung cancers is extremely poor (44, 45).

This study has some limitations. First, our study has a
retrospective design; therefore, the possibility of undocumented
factors being reported, potential bias associated with patient
selection, and recall bias exists. However, we attempted to
reduce the influence of confounding factors by adjusting for
variables that could affect the outcome. Second, there are no
studies on the precise validation of preoperative RDW cut-off
values that predict surgical prognosis in patients with brain
metastases. Therefore, further well-designed studies of precise
RDW cut-off values are needed. Additionally, several recent
studies have reported that high RDW can be improved by
nutritional supplements, diet, and exercise therapy (46-48).
However, further large-scale studies are warranted to clarify
whether nutritional supplementation and exercise therapy can
improve RDW, as well as to clarify whether active interventions
for RDW can improve outcomes in patients with high RDW.
Lastly, our data were mostly collected from a single center
comprising single ethnic groups in Korea, and the results may
have been biased due to the homogeneous groups. Therefore,
further multi-center studies with other ethnic groups are required.

In conclusion, we found that preoperative RDW >13.2 was
strongly associated with 1-year and overall mortality in patients
undergoing surgical resection for metastatic brain tumor. These
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results indicate that preoperative RDW can be a useful predictor
of survival in patients with metastatic brain tumor.
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