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Abstract

Background. The red blood cell distribution width (RDW) is related to the mortality of patients with
malignant tumors, but the relationship between RDW and the prognosis of cancer patients in the intensive
care unit (ICU) has not been fully clarified.

Objectives. To investigate the role of ROW in predicting the prognosis of critically ill cancer patients.

Materials and methods. A propensity score matching (PSM) study was conducted using data from adult
patients with cancer, admitted to the ICU from the Intensive Care Medical Information Market IV (MIMIC-IV,
v. 14) database. The correlation between RDW and ICU all-cause mortality was evaluated using a logistic
regression model; stratification factors were considered. Additionally, a receiver operating characteristic (ROC)
curve analysis was performed to compare the prognostic values of various blood biomarkers.

Results. Overall, 4836 cancer patients were included. The optimal critical RDW value was 15%. The RDW
levels were independently correlated with ICU mortality in critically ill cancer patients, with odds ratios
(ORs) of 1.56 (112—2.18) in the original cohort, 1.64 (1.27-2.12) in the imputation cohort, 1.65 (1.22—2.24)
in the matched cohort, and 1.55 (1.19-2.03) in the weighted cohort. The forecasted performance of RDW
is better than other blood biomarkers with an area under the ROC curve (AUC) of 0.637 (0.591-0.683).

Conclusions. The RDW has a prognostic value in critically ill cancer patients and a high RDW is independently
associated with high mortality.
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Background

Due to high incidence and mortality rates,! cancer has
become an inevitable burden worldwide. Recently, cancer-
related mortality rates have declined due to the advances
in the strength of treatments. However, because of cancer-
related complications and the side effects of cancer treat-
ments, the number of patients with cancer being admitted
to the intensive care unit (ICU) is increasing.>® Approxi-
mately 1 in 20 cancer patients are transferred to the ICU
within 2 years of their cancer diagnosis.* Moreover, nearly
1in 7 patients in the ICU have malignant tumors.® Nota-
bly, the mortality rate of cancer patients is 30-77%, and
the mortality rate for cancer patients requiring mechanical
ventilation in the ICU exceeds 45%.°

Although the ICU provides life support and organ
protection, it creates a heavy cost burden for treatment.
Therefore, studies aimed at identifying effective prognostic
indicators to identify a reasonable expectation of survival
after treatment are urgently needed.”

Red blood cell distribution width (RDW) is a reflection
of the volume dispersion of red blood cells, typically ex-
pressed as the coefficient of variation in red blood cell vol-
umes. Recently, RDW was reported to be an independent
predictor of mortality in cardiovascular disease (CVD)?
and various types of cancer.”-!2 Additionally, RDW is in-
dependently related to mortality in critically ill patients
admitted to the ICU due to various etiologies.!315 Al-
though the mechanism between the association of RDW
and mortality has not been elucidated, it may be involved
in oxidative stress and inflammation.®* However, the re-
lationship between RDW and the prognosis of cancer pa-
tients admitted to the ICU is unclear. Therefore, studies
evaluating the correlation between RDW and the progno-
sis of critically ill cancer patients may help in predicting
their survival and optimizing the clinical management
of these patients. We hypothesized that RDW can predict
ICU mortality in critically ill cancer patients.

Objectives

To investigate the role of RDW in predicting the prog-
nosis of critically ill cancer patients.

Materials and methods
Data source

The data were retrieved from the Intensive Care Medical
Information Market IV MIMIC-IV v. 1.4,'7 a large, free,
public, single-center database (https://mimic.mit.edu/).
This database contains clinical information on 53,150 dis-
tinct patients admitted to the ICU at the Beth Israel Dea-
coness Medical Center in Boston, USA, from 2008 to 2019.
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The data include demographic characteristics, vital signs,
laboratory data, treatment, drug use, and survival informa-
tion. To protect the patients’ privacy, all identifiable patient
information was removed. One of the investigators (LF)
completed the collaborative institutional training program
course required for ethical approval (record ID: 36309108).

Study cohort

Malignancies were identified using the International
Classification of Diseases, version 9/10 (ICD-9/10): diges-
tive system (140-159/C00—C26, C48), respiratory system
and thoracic cancer (160-165/C30—C39), connective tissue
(170-171, 176/C40-C41, C45-C46, C49), genitourinary
system (179-189/C51-C68), nervous system (190—-192/C47,
C69—-C72), hematological and lymphatic system (200—-208/
C81-C96), connective tissue (170-171, 176/C40-C41,
C45-C46, C49), other (172-175, 193-195, 20902093/
C43-C44, C50, C73-C76, C97), and metastatic (196-199,
2097/C77—C80).

The inclusion criteria (Fig. 1) included: 1) age >18 years
and 2) duration of ICU stay =24 h. Patients with hemato-
logical tumors or those repeatedly admitted to the ICU
were excluded.

[ 76,540 admissions ]

[ 35,820 total
»| readmission age <18
v [ ICU stay <24 h

[ 40,720 patients ]

o ]

a 34,658 non-cancer

A 4

[ 6062 cancer ]

[ 1226 hematological
:l and lymphatic

v malignancies

[ 4836 cancer ]

Fig. 1. Flowchart of the inclusion and exclusion of patients. In total,
4836 patients were selected

ICU - intensive care unit.

Data collection

Structured Query Language (SQL) in Navicat Pre-
mium (v. 12.0.18; PremiumSoft CyberTech Limited,
Hong Kong, China) was applied to extract data from
the MIMIC-IV within 24 h of ICU admission for a given
patient. For laboratory measurements, the mean values
((maximum+minimum)/2) were selected. Data included
demographic information (age, sex, race), type of care unit,
type of cancer, comorbidities (congestive heart disease
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(CHD), chronic kidney disease (CKD), anemia, atrial fibril-
lation (AFib), coronary atherosclerotic heart disease (CAD),
stroke, chronic obstructive pulmonary disease (COPD),
and liver disease), use of mechanical ventilation, vasopres-
sors and continuous renal replacement therapy (CRRT),
laboratory data (RDW, red blood cell count (RBC), white
blood cell count (WBC), platelet count (PLT), hemoglobin
(Hb), blood urea nitrogen (BUN), creatinine, glucose (GLU),
neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte
ratio (MLR), and platelet/lymphocyte ratio (PLR)), and scor-
ing systems (sequential organ failure assessment (SOFA)
and simplified acute physiology score II (SAPSII)).

The diagnosis of acute respiratory distress syndrome
(ARDS), acute kidney injury (AKI) and sepsis was based
on the Berlin Definition, Kidney Disease: Improving Global
Outcome guidelines!® and The Third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-3),'
respectively.

Outcomes

The primary outcome of this study was all-cause mor-
tality in the ICU. The secondary outcome was the length
of ICU stay.

Statistical analyses

The random forest model was used to impute missing
values and missing data (Fig. 2). After imputation, the larg-
est Youden’s index of the receiver operating characteristic
(ROC) curves were used to determine the best RDW cutoff
value based on ICU mortality. Then, the imputation da-
taset was stratified by RDW into a high-RDW group and
a low-RDW group.

Propensity score matching (PSM) and inverse probability
treatment weighting (IPT'W)?° were applied to construct
2 models for controlling confounding factors. The patients
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were matched using the nearest neighbor algorithm of 1:1
according to propensity scores estimated using the follow-
ing covariates: sex, age, race, care unit, type of cancer, co-
morbidities, use of ventilation, vasopressor, CRRT, ARDS,
AKT, sepsis, SOFA, and SAPSII.

Baseline characteristics of all cohorts were reported.
Continuous variables were represented by median (1% quar-
tile (Q1), 3" quartile (Q3)), while categorical variables were
represented by frequency (percentage). The Kruskal-Wal-
lis test was used to determine the statistical relevance
of the study outcomes for continuous variables, while
the Fisher’s exact test or x2 test was used for categorical
variables, as appropriate. The standardized mean differ-
ence (SMD), difference quotient between 2 means, and
pooled standard deviation (SD) were also calculated
to assess the balance between the high-RDW group and
the low-RDW group.

A univariate logistic regression model was applied to de-
termine the correlation between RDW and ICU mortality.
Additionally, to assess the independent effects of RDW
on ICU mortality, 2 multivariate logistic regression models
were developed. In model I, we only adjusted for demo-
graphic information (age, sex and race). In model II, de-
mographic information, type of cancer, comorbidities, use
of mechanical ventilation, vasopressors, CRRT, acute dis-
eases (ARDS, AKI and sepsis), and laboratory data (RBC,
WBC, PLT, Hb, BUN, creatinine, and GLU) were included.
Then, we conducted a sensitivity analysis on the original,
imputed, PSM, and IPTW cohorts to evaluate the robust-
ness of the results. The secondary outcome was evaluated
by means of multivariate linear regression using model II.

All analyses and figures were carried out using
the R v. 4.0.1 (packages: missForest, ggplot2, Matching,
tableone, mice, and pROC; R Foundation for Statistical
Computing, Vienna, Austria). A bilateral p-value <0.05
was considered statistically significant and a SMD < 0.1
was considered balanced.

Fig. 2. Pattern of missing
data in variables
of interest

RDW - red blood cell
distribution width;

RBC - red blood cell;
Hb - hemoglobin;

PLT - platelet count;
WBC - white blood cell
count; BUN - blood urea
nitrogen; GLU - glucose;
NLR - neutrophil-
lymphocyte ratio;

PLR - platelet—
lymphocyte ratio;

MLR — monocyte-
lymphocyte ratio;

SOFA - sequential organ
failure assessment;
SAPSII - simplified acute
physiology score II.
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Additional analyses

Stratified analysis was performed on the imputation co-
hort according to age, sex, race, type of cancer, comorbidi-
ties, and scoring system to evaluate the impact of RDW
on ICU mortality among the different subgroups. The like-
lihood ratio test was used to estimate the effects between
the stratified factors and RDW.

Finally, the ROC curves were drawn to compare
the prognostic values of RDW, NLR, PLR, and MLR. Since
the missing values for NLR, MLR and PLR were not im-
puted, the ROC curves were only drawn using the original
dataset.

Results
Characteristics of subjects

We enrolled 4836 subjects who met the inclusion cri-
teria. The baseline patient characteristics of the origi-
nal cohort are shown in Table 1. The median age of all
patients was 67.00 (59.00, 76.00) years, and the median
RDW was 14.95% (13.75, 16.70). Among all the patients,
malignant tumors of the digestive system were the most
common (33.8%), followed by tumors of the respiratory
system (22.3%), genitourinary system (16.2%), other tu-
mor sites (6.8%), nervous system (5.9%), and connective
tissues (2.0%). Metastatic tumors were present in 2560
(52.9%) patients. The prevalence of AKI and sepsis was
63.8% and 38.3% (3085 and 1851 patients), respectively.
During the first 24 h following ICU admission, 1261 pa-
tients (26.1%) were placed on mechanical ventilation and
1314 patients (27.2%) required vasopressors. Patients were
divided into high-RDW (=15%) and low-RDW (<15%)
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groups consisting of 2483 and 2353 patients, respectively
(Table 2). Patients with a high RDW were more likely
to have digestive tumors (40.8% compared to 26.3%), dis-
tant metastases (60.0% compared to 45.5%), AKI (69.7%
compared to 57.6%), and sepsis (46.6% compared to 29.5%),
all with a SMD > 0.1. Additionally, patients in the high-
RDW group had higher SOFA scores (4.00 (2.00, 6.00)
compared to 2.00 (1.00, 4.00) in the low-RDW group)
and higher SAPSII scores (40.00 (32.00, 48.00) compared
to 34.00 (28.00, 41.00) in the low-RDW group), both with
a SMD > 0.1.

Association between RDW
and primary outcomes

After matching and weighting, the baseline characteris-
tics of the 2 groups tended to be balanced (Fig. 3). The char-
acteristics of the imputation, matched and weighted co-
horts are shown in Table 2. The high-RDW group showed
higher ICU mortality (13.9% compared to 5.4%) in com-
parison to the low-RDW group. In line with these results,
the logistic regression analysis showed that high RDW
levels were associated with ICU mortality in the IPT'W co-
hort for the unadjusted cohort (1.56 (1.22-2.00), p < 0.001),
model I (1.57 (1.23-2.01), p < 0.001) and model II (1.55
(1.19-2.03), p = 0.003) (Table 3). All variables in model II
had variance inflation factors <10, which indicates an ab-
sence of multicollinearity. The Durbin—Watson test veri-
fied the independence of errors (value = 1.958). For evalu-
ating the robustness of the results, a sensitivity analysis
was conducted. The same trend was observed in the high-
RDW group using model II in the origin cohort (1.56
(1.12-2.18), p = 0.002), imputation cohort (1.64 (1.27-2.12),
p < 0.001) and PSM cohort (1.65 (1.22-2.24), p = 0.003)
(Table 3).

Fig. 3. Balancing the propensity
score matching (PSM) model and
the inverse probability treatment
weighting (IPTW) model

SOFA - sequential organ failure
assessment; SAPSII — simplified acute
physiology score II; AKI — acute kidney
injury; CKD — chronic kidney disease;
CHF - congestive heart failure;

CRRT - continuous renal replacement
therapy; AFib — atrial fibrillation;
COPD - chronic obstructive
pulmonary disease; CAD — coronary
atherosclerotic heart disease;

ARDS — acute respiratory distress
syndrome; SMD - standardized mean
difference.



Table 1. Baseline characteristics of origin of the patient cohort

Variables Overall Low-RDW group High-RDW group p-value Test value
Number of patients 4836 2346 2317 - -
Gender, F (%) 2019 (41.7) 936 (39.9) 998 (43.1) 0.030 4.842*
Age 67.00 (59.00, 76.00) 67.00 (59.00, 75.00) 67.00 (59.00, 76.00) 0.209 1.580*
Race (%)
Black 449 (9.3) 171(7.3) 252 (10.9)
Other 937 (19.4) 465 (19.8) 441 (19.0) <0.001 18.185*
White 3450 (71.3) 1710 (72.9) 1624 (70.1)
ICU mortality (%) 4719.7) 127 (5.4) 316 (13.6) <0.001 -
ICU stay 8.30(5.30, 13.70) 8.30(5.50, 13.10) 840 (5.30, 14.60) 0.538 3.682%
Type of cancer
Digestive (%) 1634 (33.8) 617 (26.3) 937 (40.4) <0.001 104.895*
Respiration/thoracic (%) 1077 (22.3) 606 (25.8) 450 (194) <0.001 27.338*%
Connective tissue (%) 96 (2.0) 49 (2.1) 46 (2.0) 0.884 0.062*
Genitourinary (%) 784(16.2) 393(16.8) 366 (15.8) 0.399 0.781*
Nervous (%) 287 (5.9) 246 (10.5) 36 (1.6) <0.001 163.687*
Other (%) 331(6.8) 168 (7.2) 144 (6.2) 0.217 1.672*
Metastatic (%) 2560 (52.9) 1067 (45.5) 1381 (59.6) <0.001 93.214*
Ventilation (%) 1261 (26.1) 613 (26.1) 623 (26.9) 0.580 0.344*
Vasopressor (%) 1314 (27.2) 551 (23.5) 724 (31.2) <0.001 35.338*
CRRT (%) 32(0.7) 7(0.3) 22(09) 0.008 7.996*
Comorbidities
AFib (%) 1216 (25.1) 548 (23.4) 622 (26.8) 0.007 7.537%
Anemia (%) 945 (19.5) 365 (15.6) 519 (22.4) <0.001 35511+
CHF (%) 751 (15.5) 266 (11.3) 446 (19.2) <0.001 56.383*
CKD (%) 722 (14.9) 251(10.7) 434 (18.7) <0.001 60.009*
COPD (%) 878(182) 391 (16.7) 464 (20.0) 0.003 8.785%
CAD (%) 833(17.2) 373(15.9) 425 (18.3) 0.030 4.906*
Liver (%) 443 (9.2) 150 (6.4) 264 (11.4) <0.001 36.025*
Stroke (%) 259 (54) 158 (6.7) 95 (4.1) <0.001 15.770*
Sepsis (%) 1851(38.3) 693 (29.5) 1081 (46.7) <0.001 144.877%
AKI (%) 3085 (63.8) 1353 (57.7) 1619 (69.9) <0.001 75.094*
ARDS (%) 207 (4.3) 101 (4.3) 97 (4.2) 0.898 0.040*
Laboratory data
RDW 14.95 (13.75,16.70) 13.75(13.10, 14.35) 16.70 (15.75,18.10) <0.001 3496.617*
RBC 341 (3.01,3.92) 3.64 (3.23,4.12) 3.21(2.84,3.66) <0.001 442.684*
Hb 10.30 (9.00, 11.90) 11.30(9.90, 12.65) 9.55(841,10.75) <0.001 777.953%
PLT 205.00 (141.50, 279.50) 215.00 (158.50, 279.50) 195.50 (128.25, 281.50) <0.001 40.863*
WBC 10.70(7.70, 14.46) 11.00 (8.25, 14.50) 1047 (7.20, 14.60) <0.001 12.288*
BUN 18.00 (13.00, 25.00) 17.00 (12.50, 22.50) 20.00 (14.00, 28.50) <0.001 120.939*
Creatinine 0.85 (0.65, 1.20) 0.85(0.65,1.10) 0.90 (0.70, 1.30) <0.001 47.724*
GLU 7.10 (6.10, 8.60) 7.30(6.20, 8.70) 7.00 (5.90, 8.60) <0.001 23.358*
NLR 10.00 (5.50, 17.50) 9.80 (5.32, 16.60) 10.40 (5.70, 18.30) 0.075 3.171*
PLR 237.60 (131.20, 399.50) 240.90 (129.40, 400.20) 242.20 (134.73,403.22) 0.672 0.179*
MLR 0.60 (0.30, 0.90) 0.50 (0.30, 0.90) 0.60 (0.40, 0.90) 0.025 5.005%
SOFA 3.00 (1.00, 5.00) 2.00 (1.00, 4.00) 4.00 (2.00, 6.00) <0.001 270.736%
SAPSII 36.00 (29.00, 44.00) 34.00 (27.00, 41.00) 39.00 (31.00, 47.00) <0.001 243.699*

F — female; AFib — atrial fibrillation; CHF — congestive heart failure; CKD - chronic kidney disease; COPD — chronic obstructive pulmonary disease;

CAD - coronary atherosclerotic heart disease; CRRT — continuous renal replacement therapy; ICU — intensive care unit; RDW - red blood cell distribution
width; AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC - red blood cell count; Hb — hemoglobin; PLT - platelet count;

WBC - white blood cell count; BUN - blood urea nitrogen; GLU - glucose; NLR — neutrophil-lymphocyte ratio; PLR — platelet-lymphocyte ratio;

MLR - monocyte-lymphocyte ratio; SOFA - sequential organ failure assessment; SAPSII — simplified acute physiology score Il. Continuous variables:
median (1%t quartile (Q1), 3 quartile (Q3)). Categorical variables: frequency (percentage). * H value for Kruskal-Wallis test; * x* value for x? test.
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Table 2. Baseline characteristic between unmatched, matched and weighted cohort

Imputation cohort PSM cohort IPTW cohort
Variables low-RDW high-RDW low-RDW igh- low-RDW
group group group group
N 2353 2483 - 1619 1619 - 4835 48513 -
Sex, F (%) 940 (39.) 1079435 | 0071 | 662 (409) 679(419) | 0021 19834(410) | 19914 (410) | 0001
Age (58.35,2(’)5.00) (59.(?5,'(;%.00) 0031 (59.(?5,'(;%.00) (59.85,8%00) 0026 (59.85,2%.00) (59.(?5,'(;%.00) 0006
Race (%)
Black 172(73) 277(112) 141 (87) 137 85) 4645 (96) 4518 (93)
Other 468 (19.9) 469(189) | 0133 306(189) 306(189) | 0009 9322(193) | 9317(192) | 0011
White 1713 (72.8) 1737 (70.0) 1172 (72.4) 1176 (72.6) 34384 (71.1) | 34677 (715)
ICU mortality (%) 127 (5.4) 344(139) | 029 102(63) 162(100) | 0136 367.7(76) 5533(114) | 013
142557 (1.6%,35200) (1.7%%210) 0013 (1.7%)',3 4(1).00) (1.6%)',2 ?.90) 0081 (1.7%',4220) (1.6%,3200) 0041

Types of cancer

Digestive (%) 620 (26.3) 1014 (40.8) 0.31 535(33.0) 542 (33.5) 0009 = 16224 (33.6) 16329 (33.7)  0.002
Respiration/thoracic (%) 608 (25.9) 469 (18.9) 0.167 386 (23.8) 377 (23.3) 0013 | 1084.2 (22.4) 11167 (23.0) | 0014
Connective tissue (%) 49 (2.1) 47(1.9) 0014 39 (24) 38(23) 0.004 974 (2.0) 982 (2.0) 0.001
Genitourinary (%) 395 (16.8) 389 (15.7) 0.029 275(17.0) 273 (16.9) 0.003 7842 (16.2) 784.0(16.2) 0.002
Nervous (%) 246 (10.5) 41(1.7) 0376 49 (3.0) 41(25) 0.03 287.5(5.9) 290.8 (6.0) 0.002
Other (%) 168 (7.1) 163 (6.6) 0.023 102 (6.3) 113(7.0) 0.027 306.7 (6.3) 3064 (6.3) 0.001
Metastatic (%) 1071 (45.5) 1489 (60.0) 0.293 865 (53.4) 888 (54.8) 0029 = 2554.0(52.8) 2540.0(524)  0.009
Ventilation (%) 613 (26.1) 648 (26.1) 0.001 425(26.3) 415 (25.6) 0014 | 1253.4(25.9) 12669 (26.1) | 0.004
Vasopressor (%) 551(23.4) 763 (30.7) 0.165 417 (25.8) 409 (25.3) 0.011 13132 (27.2) 1310.7 (27.0)  0.003
CRRT (%) 7(0.3) 25(1.0) 0.088 7(04) 8(0.5) 0.009 38.7(0.8) 322(0.7) 0.016

Comorbidities

AFib (%) 550 (23.4) 666(268) | 008 | 415(256) 309(246) | 0023 12123(25.1) | 12307(254) | 0007
Anemia (%) 367 (15.6) 578(233) 0195  298(184) 319(197) 0033 9488(196) 9599 (198) 0004
CHF (%) 267 (11.3) 484(195) | 0227 252(156) 236(146) | 0028 7578(15.7) 7715(159) | 0.006
CKD (%) 252(10.7) 470(189) 0233 229(14.1) 224(138) 0009 7383(153) 7253(150) 0009
COPD (%) 393 (16.7) 485(195) | 0074 322(19.9) 309(191) | 002 | 9228(19.1) 9076(187) | 001
CAD (%) 374(15.9) 459(185) 0069 294 (182) 272(168) | 0036 849.7(176) 8653(178) 0007
Liver (%) 151 (6.4) 292(118) | 0187 | 137(85) 123(76) | 0032 437.8(9.1) 4453(92) | 0004
Stroke (%) 158 (6.7) 10141 0117 82 (5.1) 80 (4.9) 0006 2610 (54) 2583(53) 0003
Sepsis (%) 695 (29.5) 1156 (466) | 0356 583 (36.0) 586(362) | 0004 18631 (385 | 18673 (385 | 0001
AKI (%) 1355 (57.6) 1730(697) 0253 1033 (638) 1018(629) 0019 30686635 = 31048(640) 0011
ARDS (%) 101 (4.3) 106(43) | 0001 67 (4.1) 73 (45) 0018 9(45) 2148(44) | 0004
Laboratory data
1375 16.70 67.00 67.00 1385 16.50
ROW (1310,1435) | (1575,1803) | 2932 (5000,7600) | (5900,7600) 2% | (1320, 1440) = (1570,1785) @ %2
365 3.20 1385 1645 356 3.5
iES (3.23,412) 284366  °%% (132014400  (1570,1780 %M (313,403 (290,373 0406
11.30 9.50 355 326 11.00 965
Hb 090,1265 | (840,1070) | 27" (314,402 290,372 | %" (9701245 | @®50,1000 %077
217.50 197.00 11.00 9.60 20850 205.00
A (16000,28050)  (127.00,28125) O18*  (970,12400 = (850,1085 90V (14850, 27666) (137.50,28528) 0%
11.10 10,50 21400 211.50 11.10 1035
WBC (830,1445) | (720,1430) | 193 (15000,27950) | (14325,20175) 912 (81514600 | (720,1410) | 012
» 085 1.00 11.10 10.30 0.90 0.90
Cligetlliie (0.65,1.15) 070,143 %% (805,1445) 7151392 %% (070,130 065,130 208
SUN 17.00 2150 0438 0.90 085 0102 18.50 2000 o

(12.50, 23.00) (14.50,31.99) (0.70,1.25) (0.65, 1.20) (13.00, 26.00) (14.00, 28.50)
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Table 2. Baseline characteristic between unmatched, matched, and weighted cohort — cont.

Imputation cohort PSM cohort IPTW cohort
Variables low-RDW low-RDW low-RDW high-RDW
group group group group
7.40 7.00 19.00 7.40 7.00
S (630, 8.60) (90,8400  °M (130025000  (1350,2750  °V | (620,870) 600,830 219
200 400 3.00 3.00 3.00
SOFA (1,00, 4.00) (200,600 > (1.00,400) (100,400 %% (100,500 (100,500 | 291
3400 40,00 36.00 37.00 36.00
SAPSII (2800,41.00) = (3200,4800) ' (3000,4300) = (3000,4400) 9% | (200045000 = (20004500 @ 0%

F —female; AFib - atrial fibrillation; CHF — congestive heart failure; CKD - chronic kidney disease; COPD - chronic obstructive pulmonary disease;

CAD - coronary atherosclerotic heart disease; CRRT — continuous renal replacement therapy; ICU — intensive care unit; RDW - red blood cell distribution
width; AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC - red blood cell count; Hb — hemoglobin; PLT - platelet count;

WBC - white blood cell count; BUN - blood urea nitrogen; GLU — glucose; SOFA — sequential organ failure assessment; SAPSII - simplified acute physiology
score II; SMD - standardized mean difference; PSM — propensity score matching; IPTW — inverse probabilistic treatment weighting. Continuous variables:
median (1°t quartile (Q1), 3" quartile (Q3)). Categorical variables: frequency (percentage).

Table 3. The primary outcome and sensitivity analysis. Odds ratio (OR; 95% confidence interval (95% Cl)) of the ICU mortality in different models based

on RDW grouping
Model
unadjusted
Origin model |
model Il
unadjusted
Imputation model |
model Il
unadjusted
PSM model |
model Il
unadjusted
IPTW model |

model I

OR | 95% Cl |

p-value
2.76 2.23-343 <0.001
265 2.14-330 <0.001
1.56 1.12-2.18 0.002
282 2.29-350 <0.001
279 2.26-3.46 <0.001
1.64 127-2.12 <0.001
1.65 1.28-2.15 <0.001
1.66 1.29-2.16 <0.001
1.65 1.22-2.24 0.003
1.56 1.22-2.00 <0.001
1.57 1.23-2.01 <0.001
1.55 1.19-2.03 0.003

Model | adjusted for: age, sex and race. Model Il adjusted for: age, sex, race, types of cancer, intervention, ARDS, AK|, sepsis, comorbidities, laboratory
parameters (RBC, Hb, PLT, WBC, BUN, creatinine, GLU), SOFA, and SAPSII. AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC - red
blood cell count; Hb — hemoglobin; PLT - platelet count; WBC — white blood cell count; BUN - blood urea nitrogen; GLU - glucose; SOFA - sequential organ
failure assessment; SAPSII — simplified acute physiology score Il; RDW - red blood cell distribution width; ICU - intensive care unit; PSM — propensity score

matching; IPTW — inverse probability treatment weighting.

Association between RDW
and secondary outcomes

There was no difference in the duration of ICU stays
between the high-RDW group and the low-RDW group
(2.40 (1.70, 4.10) compared to 2.30 (1.60, 4.00), with
a SMD < 0.1). As shown in Table 4, the RDW had no effect
on the length of ICU stay for the origin cohort (R? = 0.15,
p = 0.270), imputation cohort (R? = 0.14, p = 0.140) and
PSM cohort (R? = 0.16, p = 0.050).

Additional analyses
The results of subgroup analysis for the imputation co-

hort are shown in Fig. 2. Interactions were observed only
in subgroups with respect to age (p = 0.014), respiratory

and thoracic tumors (p = 0.028), AFib (p = 0.021), CHF
(p = 0.026), and no differences were found in associations
between RDW and the primary outcomes in the remain-
ing subgroups. In patients with connective tissue tumors,
RDW was not related to outcomes. RDW has higher pre-
dictive significance in patients with higher SOFA scores,
which was the opposite for SAPSII. Additionally, patients
with liver disease showed a significantly higher RDW-asso-
ciated ICU risk of death (3.85 (1.8-9.53)). A high RDW was
also associated with prognosis in both men and women.
Notably, the relationship between a high RDW and mortal-
ity was weaker in older adults (age 260 years).

In the 1347 patients without any missing values for
RDW, NLR, PLR, and MLR, we calculated the areas under
the ROC curve (AUCs) to compare the predictive value
of RDW, NLR, PLR, and MLR on ICU mortality (Fig. 4).
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Table 4. The secondary outcome evaluated using multivariate linear regression

Standard deviation

J. Zhou et al. RDW is a risk factor for critically cancer

Origin cohort -0.16 0.15
Imputation cohort —-0.20 0.13
PSM cohort -0.28 0.14

Adjusted B Adjusted R?
-0.02 0.15 0.270
-0.02 0.14 0.140
-0.03 0.16 0.050

Adjusted for: age, sex, race, types of cancer, intervention, ARDS, AKI, sepsis, comorbidities, laboratory parameters (RBC, Hb, PLT, WBC, BUN, creatinine, GLU),
SOFA, andSAPSII. AKI - acute kidney injury; ARDS — acute respiratory distress syndrome; RBC - red blood cell count; Hb — hemoglobin; PLT - platelet count;
WBC - white blood cell count; BUN - blood urea nitrogen; GLU - glucose; SOFA — sequential organ failure assessment; SAPSII - simplified acute physiology

score |l; PSM — propensity score matching.

Fig. 4. Receiver operating characteristic (ROC) curve for red blood cell
distribution width (RDW), neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), monocyte/lymphocyte ratio (MLR), and simplified
acute physiology score Il (SAPSII) based on the intensive care unit (ICU)
mortality

The AUC for RDW, NLR, PLR, and MLR in the context
of ICU mortality in critically ill cancer patients were 0.637
(0.591-0.683), p < 0.001; 0.559 (0.510—0.608), p = 0.014;
0.485 (0.438-0.532), p = 0.530; and 0.501 (0.454-0.547),
p = 0.982, respectively. The ROC analysis suggested that
RDW is superior to NLR, PLR and MLR for predicting
the prognosis of critically ill cancer patients.

Discussion

Our results suggest that a higher RDW is related to an in-
creased risk of death in cancer patients admitted to the ICU.
However, considering that the effects of blood cell parame-
ters were evaluated, cases involving hematological and lym-
phatic malignancies were excluded from the final cohort.
Importantly, similar trends were observed in the 2 models
adjusted for different variables. This suggests that RDW
is an independent predictor of the prognosis in critically
ill cancer patients. The mean lifespan of a red blood cell
is 120 days, and its homeostasis can be affected by many
chronic diseases. To exclude bias introduced by chronic

diseases, we conducted subgroup analyses in patients
with common comorbidities. A forest plot indicated that
there were interactions between AFib and CHF and RDW.
This can be explained by the fact that risk factors related
to the incidence of AFib and CHF are also the factors as-
sociated with increased RDW values, such as endothelial
dysfunction, genetic susceptibility, aging, and others.?!:??
Many studies have confirmed RDW to have prognostic
value in various cancers such as gastric,'° ovarian!! and
lung cancer.!? For established cancers, there is growing
evidence showing that local immune responses and sys-
temic inflammation play a role in tumor progression and
the overall survival (OS) rate in patients with cancer.?
The RDW is also a laboratory indicator for many chronic
diseases and thus can be regarded as a nonspecific but
outcome-related chronic disease marker.?* Cancer is often
associated with chronic consumption and cachexia.?
Besides, plenty of studies have shown RDW to be a good
prognostic predictor in ICU patients on account of acute
overall inflammation,2¢-28 oxidative stress?® and arterial
underfilling.3° The RDW is a risk factor for a severe prog-
nosis in diseases such as sepsis,? acute heart failure,?? au-
toimmune diseases, and liver diseases.3* However, during
subgroup analysis, bias caused by comorbidities and acute
ICU diseases (sepsis, AKI and ARDS) was not detected.
The exact biological mechanisms between RDW and
cancer in ICU patients remain unclear. The underlying
mechanism based on the available literature is that an al-
tered myeloid lineage, abnormal iron metabolism and di-
minished response to erythropoietin®¥3® occurs in the set-
ting of chronic and acute systemic inflammation, leading
to reduced erythrocyte survival and an increased entry
of premature erythrocytes into the circulation.?® There-
fore, the lower survival in patients with a high RDW might
be secondary to inflammation itself. Given the increasing
number of cancer patients admitted to the ICU,?3 these
patients might to some extent be considered as a separate
subtype of ICU patients. Additionally, the exact indications
for the use of RDW in such a background are unclear, al-
though a high RDW was a risk factor in the vast majority
of subgroups (Fig. 5). All in all, the potential mechanisms
and indications for the application of RDW in critically ill
cancer patients need further exploration.
In addition to RDW, several prognostic parameters based
on systemic inflammation have been proposed in cancer
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Fig. 5. Forest plot of subgroup analysis for the intensive care unit (ICU) mortality. Odds ratios (ORs) and 95% confidence intervals (95% Cls) were acquired
using a univariate logistic regression model. The OR of a low-red blood cell distribution width (RDW) group amounted to 1 for the reference value.
In the 33 subgroups, the scores were grouped according to the best cutoff value obtained with the largest Youden's index based on ICU mortality

F —female; M — male; AFib — atrial fibrillation; CHF — congestive heart failure; CKD - chronic kidney disease; COPD - chronic obstructive pulmonary disease;
CAD - coronary atherosclerotic heart disease; AKI — acute kidney injury; ARDS — acute respiratory distress syndrome; SOFA — sequential organ failure

assessment; SAPSII — simplified acute physiology score |I.

patients, including NLR,” PLR*® and MLR.* In this study,
the performance of RDW was compared to these biochem-
ical indicators. Importantly, the ROC curve analysis sug-
gested that RDW had the best prognostic ability among
these indicators.

Limitations

This study had some limitations. First, the data were
obtained from the MIMIC-IV database. Although the large
sample size was an advantage in this study, the data con-
tained in this database cover a long period (2008-2019).
Therefore, some information may be obsolete or missing,

such as iron, B12 and other factors necessary for hemato-
poiesis. This, coupled with chemotherapy that can affect
hematopoiesis, may influence the RDW in cancer patients.
Second, this was a single-center retrospective study with
incomplete numerical records and outliers in the database,
which may have led to deviations. Third, we only selected
the RDW measurement performed in the first 24 h after
the admission to the ICU and did not monitor the dynamic
trends in RDW levels. In an environment like the ICU, with
numerous operations and treatments, such as blood trans-
fusions, anti-inflammatory drugs, anticoagulant drugs,
etc., the measured value of RDW can be greatly affected
and should be interpreted carefully.
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Conclusions

We showed that a high RDW in critically ill cancer pa-
tients is independently associated with ICU mortality.
As a simple, inexpensive and routine laboratory index,
RDW levels can indicate disease severity to a certain ex-
tent in cancer patients transferred to the ICU and guide
the monitoring of these patients. However, large multi-
center prospective studies are needed to confirm our re-
sults. The biological mechanisms underlying why RDW
has a statistical significance among various clinical param-
eters are uncertain. Therefore, it is necessary to further
explore the relationship between the dynamic changes
of RDW and the prognostic and biological mechanisms
to obtain a better clinical interpretation.
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