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学位論文題名 

Red blood cell distribution width is a predictive factor of anthracycline-
induced cardiotoxicity 
（赤血球分布幅はアントラサイクリンによる心毒性の予測因子となる） 

赤血球の大きさのばらつきを示す赤血球分布幅（red blood cell distribution width : 

RDW）は循環器疾患の予後と関連していることが報告されている。しかし、がん治療関連

心筋障害（cancer therapeutics-related cardiac dysfunction : CTRCD）の発症との関係に

ついては検討されていなかった。今回我々は化学療法が施行される前の RDWがアントラサ

イクリンによる CTRCDの発症を予測できるかを検討した。 

アントラサイクリン投与を予定している 202名のがん患者を登録し 12か月間の追跡調査

を行った。患者を化学療法前の RDWの中央値により 2群に分けた（低 RDW群：n＝98, 

13.0［12.6～13.2］, 高 RDW群：n＝104, 14.9［13.9～17.0］）。心エコー検査を化学療

法前と化学療法から 3か月後、6か月後、12か月後に経時的に施行し心機能を評価した。

化学療法前の左室収縮末期容積指数および左室駆出率（EF）は両群間で同等であった。化

学療法後は高 RDW群では 3か月後および 6か月後に EFが有意に低下したが（化学療法

前：64.5％[61.9-68.9％], 3か月後：62.6％[60.4-66.9％], 6か月後：63.9％[60.0-67.9％], 12

か月後：64.7％[60.8-67.0％], P = 0.04）、低 RDW群では変化は認めなかった。さらに

CTRCDの発生率は、高 RDW群が低 RDW群よりも有意に高かった（11.5% vs. 2.0％, P＝

0.008）。RDWのカットオフ値を 13.8とした場合、CTRCD発症を予測する感度と特異度

はそれぞれ 84.6％と 62.0％であった。多変量ロジスティック回帰分析では化学療法前の

RDWが CTRCD発症の独立した予測因子であることが明らかとなった（オッズ比 1.390, 

95％ confidence interval  1.09-1.78, P＝0.008）。さらに累積アントラサイクリン投与

量、EF、アルブミン、高血圧の有無などの既知の危険因子を含む回帰モデルに RDWを加

えると、CTRCDを予測するための回帰モデルがより精度の高いものになることが、net 

reclassification indexと integrated discrimination improvementの統計解析によって示さ

れた。 

結論として化学療法前の RDWはアントラサイクリン系薬剤による CTRCD発症を予測す

る新しいパラメータになることが示された。 

This paper was published in Frontiers in Cardiovascular Medicine 2020 October 30; 7: 594685.  
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Abstract 

Background: Red blood cell distribution width (RDW) is associated with prognosis in widespread 

cardiovascular fields, but little is known about relationship with the onset of cancer therapeutics-related 

cardiac dysfunction (CTRCD).   

Objectives: The purpose of this study was to assess whether RDW could predict the onset of CTRCD 

by anthracycline.  

Methods: Consequential 202 cancer patients planed for anthracycline treatment were enrolled and 

followed up for 12 months. The patients were divided into 2 groups based on the median value of 

baseline RDW before chemotherapy (low RDW group, n=98, 13.0 [12.6-13.2]; high RDW group, 

n=104, 14.9 [13.9-17.0]). Cardiac function was assessed serially by echocardiography at baseline 

(before chemotherapy), as well as at 3 months, 6 months and 12 months after chemotherapy with 

anthracycline.  

Results: Baseline left ventricular end systolic volume index and ejection fraction (EF) were similar 

between two groups. After chemotherapy, EF decreased at 3-month and 6-month in the high RDW group 

(baseline, 64.5% [61.9%-68.9%]; 3-month, 62.6% [60.4%-66.9%]; 6-month, 63.9% [60.0%-67.9%]; 12-

month, 64.7% [60.8%-67.0%], P=0.04), but no change was observed in low RDW group. The 

occurrence of CTRCD was higher in high RDW group than in low RDW group (11.5% vs. 2.0%, 
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P=0.008). When we set the cut-off value of RDW at 13.8, sensitivity and specificity to predict CTRCD 

were 84.6% and 62.0%, respectively. Multivariable logistic regression analysis revealed that baseline 

RDW value was an independent predictor of the development of CTRCD (odds ratio 1.390, 95% CI 

[1.09-1.78], P=0.008). The value of net reclassification index (NRI) and integrated discrimination 

improvement (IDI) for detecting CTRCD reached statistical significance when baseline RDW value was 

added to the regression model including known risk factors such as cumulative anthracycline dose, EF, 

albumin, and the presence of hypertension; 0.9252 (95%CI 0.4103-1.4402, P<0.001) for NRI and 0.1125 

(95%CI 0.0078-0.2171, P=0.035) for IDI. 

Conclutions: Baseline RDW is a novel parameter to predict anthracycline-induced CTRCD. 

 

 

Keywords: Cardio-Oncology, Anthracycline, Red blood cell distribution width, Cancer therapeutics-

related cardiac dysfunction, Heart failure.  
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Introduction 

Anthracycline-containing chemotherapy is highly effective and widely used in cancer treatments. 

However, anthracycline-induced cardiotoxicity is associated with a poor prognosis in cancer survivors, 

and the frequency of onset depends on risk factors including cumulative dose of anthracycline, elderly or 

pediatric population, concomitant or previous radiation therapy, pre-existing cardiovascular diseases, 

and concomitant use of human epidermal growth factor receptor 2 (HER2) inhibitors[1]. Several 

hypotheses have been proposed for the mechanisms of anthracycline-induced cardiotoxicity, such as 

oxidative stress, iron accumulation in myocardial cells, mitochondrial dysfunction, and topoisomerase 

2β dysfunction[2-5]. Most anthracycline-induced cardiotoxicity occurs within the first year of 

chemotherapy, and early detection and treatment may recover cardiac function[6]. Therefore, assessment 

of cardiac function should be performed to detect early phase of cardiotoxicity, and accurate predictors 

are required to identify patients predisposed to anthracycline-induced cardiotoxicity. 

Red blood cell distribution width (RDW) is a simple and rapid measurement of the 

heterogeneity of erythrocyte volume. Growing body of evidence suggests that high RDW is strongly 

associated with poor prognosis in widespread cardiovascular diseases such as acute coronary syndrome, 

heart failure, and pulmonary hypertension[7-9]. However, the association between anthracycline-

induced cardiotoxicity and RDW have not been rigorously examined. The purpose of the present study 
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was to assess whether baseline RDW could predict the onset of cancer therapeutics-related cardiac 

dysfunction (CTRCD) by anthracycline-containing chemotherapy. 

 

Methods 

Study subjects and protocol 

We enrolled 234 consecutive cancer patients, planned for initial anthracycline-containing chemotherapy 

at Fukushima Medical University hospital from February 2017 to September 2019 (Figure 1). Patients 

were excluded if they were died or transferred to other hospitals within 12 months follow-up period (n = 

32). Remaining 202 patients were divided into 2 groups based on the median value of RDW (13.6) 

before chemotherapy: low RDW group, n=98, 13.0 [12.6-13.2] and high RDW group, n=104, 14.9 

[13.9-17.0]. 

Hypertension was defined as a history of use of antihypertensive drug or systolic blood pressure 

of ≥140 mmHg, and/or diastolic blood pressure ≥90 mmHg. Diabetes was defined as a recent use of 

insulin treatment or hypoglycemic drug, or hemoglobin A1c ≥6.5%. Dyslipidemia was defined as a 

history of use of cholesterol-lowering drugs, or triglyceride was ≥150 mg/dl, low density lipoprotein 

cholesterol was ≥140 mg / dl, and/or high-density lipoprotein cholesterol was ≤40 mg/dl. Cumulative 

dose of anthracycline was expressed as a doxorubicin equivalent[1]. HER 2 inhibitor included 
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trastuzumab and pertuzumab. Radiation therapy was defined as irradiation to the mediastinum. 

Transthoracic echocardiography and blood sampling test were performed at baseline, as well as at 3 

months, 6 months, and 12 months after administration of anthracyclines. All procedures used in this 

research were approved by the Ethical Committee of Fukushima Medical University Hospital. 

 

Echocardiography 

Transthoracic echocardiography was performed by a trained sonographer, and images were checked by 

another trained sonographer and an echo-cardiologist. We measured cardiac function using EPIQ 7G 

(Philips Healthtech, Best, Netherland). EF was calculated using the modified Simpson’s method 

according to the guideline from the American Society of Echocardiography and the European 

Association of Cardiovascular Imaging [10]. The left ventricular (LV) mass was calculated using the 

following formula: 

𝑳𝒆𝒇𝒕 𝒗𝒆𝒏𝒕𝒓𝒊𝒄𝒖𝒍𝒂𝒓(𝑳𝑽)𝒎𝒂𝒔𝒔 = 𝟎. 𝟖 × [𝟏. 𝟎𝟒 × {(𝑳𝑽 𝒅𝒊𝒂𝒔𝒕𝒐𝒍𝒊𝒄 𝒅𝒊𝒂𝒎𝒆𝒕𝒆𝒓 +

𝒊𝒏𝒕𝒆𝒓𝒗𝒆𝒏𝒕𝒓𝒊𝒄𝒖𝒍𝒂𝒓 𝒔𝒆𝒑𝒕𝒖𝒎 𝒘𝒂𝒍𝒍 𝒕𝒉𝒊𝒄𝒏𝒆𝒔𝒔 + 𝑳𝑽 𝒑𝒐𝒔𝒕𝒆𝒓𝒊𝒐𝒓 𝒘𝒂𝒍𝒍 𝒕𝒉𝒊𝒄𝒏𝒆𝒔𝒔)𝟑 −

(𝑳𝑽 𝒅𝒊𝒂𝒔𝒕𝒐𝒍𝒊𝒄 𝒅𝒊𝒂𝒎𝒆𝒕𝒆𝒓)𝟑}] + 𝟎. 𝟔 g [10].  
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CTRCD was defined as a decrease in EF more than 10% points, to a value less than 53% [11]. LV 

diastolic dimension index, LV systolic dimension index, LV end-diastolic volume index, LV end-systolic 

volume index, and left atrial volume index (LAVI) were measured using B-mode ultrasound. 

 

Blood sampling 

Blood sampling was performed in a stable condition after an overnight fast. High sensitivity cardiac 

troponin I (TnI) was measured using an assay based on Luminescent Oxygen Channeling Immunoassay 

technology, and run on a Dimension EXL integrated chemistry system (Siemens Healthcare Diagnostics, 

Deerfield, IL, USA). B-type natriuretic peptide (BNP) levels were measured using a specific 

immunoradiometric assay (Shionoria BNP kit, Shionogi, Osaka, Japan). RDW was measured using a 

DxH800 (Beckman Coulter, Inc., Fullerton, CA, USA). 

 

Statistical analysis 

All statistical analyzes were performed using SPSS version 26 (IBM, Armonk, New York, USA) or R 

software packages version 3.6.3 (R core team 2020, Vienna, Austria). We used the Shapiro-Wilk test to 

discriminate which variables were normally or not normally distributed. Normally distributed variables 

were shown as mean ± standard deviation. Non-normally distributed variables were indicated by median 
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with interquartile range. Category variables were shown in numbers and percentage. Student’s t-test was 

used for variables following a normal distribution, the Mann-Whitney U-test was used for variables of 

the non-normal distribution, and the χ-square test was used for categorical variables. The time course of 

EF (baseline, 3-month, 6-month, and 12-month after the administration of anthracyclines) was evaluated 

using the Friedman test.  

Logistic regression analysis was performed to identify variables relating to the occurrence of 

CTRCD. We selected variables as follows: age, sex, hypertension, dyslipidemia, diabetes mellitus, 

current or past smoker, cumulative anthracycline dose, use of HER2 inhibitor, BNP, albumin, LV mass 

index, LV end-diastolic volume index, LV end-systolic volume index, EF, LAVI, and RDW. Akaike 

Information Criteria was used for selecting variables for multivariate analysis. Receiver operator 

characteristic curve (ROC) analysis was performed to determine the optimal cut-off value of RDW for 

predicting the occurrence of CTRCD. The improvement by adding RDW to discrimination and net 

reclassification of risks was assessed by the estimation of both integrated discrimination improvement 

(IDI) and net reclassification improvement (NRI). The P value of 0.05 or less was defined as significant. 
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Results 

Table 1 showed patient characteristics at the baseline of chemotherapy. The median value of RDW of all 

patients before chemotherapy was 13.6, and patients were divided into 2 groups based on the median 

value. Of 202 patients, 104 patients were grouped as high RDW group (13.6 and above), and 98 patients 

were grouped as low RDW group (less than 13.6). There were no statistical differences in age, sex, 

coronary risk factors, cumulative anthracycline dose, the usage of HER2 inhibitor, and radiation therapy 

between the two groups. High RDW group included lower rate of breast cancer (60.2% vs. 43.2%, 

P=0.016).  Laboratory data showed that hemoglobin and mean corpuscular volume were lower in high 

RDW group, but BNP and TnI levels at baseline were similar between the two groups. The usage of 

angiotensin-converting enzyme (ACE) inhibitors, angiotensin II receptor blockers (ARB), β-blockers 

were similar between the two groups. Echocardiographic data demonstrated that LVEDVI, LVMI, and 

EF at baseline were similar between the two groups. Laboratory data showed similar liver and renal 

function.  

Time-dependent changes in EF are displayed in Figure 2. EF decreased at 3-month and 6-month 

after chemotherapy in high RDW group (baseline, 64.5% [61.9%-68.9%]; 3-month, 62.6% [60.4%-

66.9%]; 6-month, 63.9% [60.0%-67.9%]; 12-month, 64.7% [60.8%-67.0%], P=0.04, Figure 2B), but no 

change was observed in low RDW group (Figure 2A). The occurrence of CTRCD during the 12-month 
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follow-up period was higher in high RDW group than in low RDW group (n=2 [11.5%] vs. n=12 [2.0%] 

P=0.008). When we set the cut-off value of RDW at 13.8 from the ROC analysis, sensitivity, specificity, 

and area under the curve to predict CTRCD were 84.6%, 62.0%, and 0.769, respectively, as shown in 

Figure 3. Multivariable logistic regression analysis revealed that RDW at baseline was an independent 

predictor of the development of CTRCD (odds ratio 1.390, 95% CI [1.09-1.78], P=0.008; Table 2). 

To assess the importance of adding RDW more precisely, NRI and IDI were calculated using 

the variables with or without RDW. The value of NRI and IDI for detecting CTRCD reached statistical 

significance when baseline RDW value was added to the model including cumulative dose of 

anthracycline, EF, albumin and hypertension; 0.9252 (95%CI 0.4103-1.4402, P<0.001) for NRI and 

0.1125 (95%CI 0.0078-0.2171, P=0.035) for IDI.  

 

Discussion 

In the present study, we revealed the clinical features of RDW in patients treated with anthracycline. 

First, EF was temporary decreased in high RDW patients. Second, the occurrence of anthracycline-

induced CTRCD was significantly higher in high RDW patients. Third, high RDW at baseline was an 

independent predictor of the development of CTRCD. 
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Oxidative stress, iron accumulation in myocardial cells, mitochondrial dysfunction, and 

topoisomerase 2β dysfunction have been proposed as major mechanisms of anthracycline-induced 

cardiotoxicity [2-5]. The excess production of free radicals by the quinone group from aglycons of 

anthracycline induces oxidation of protein, nucleic acid, and lipid, leading to cellular damage [4]. It has 

been reported that elevation of RDW is also associated with oxidative stress as well as aging, 

inflammation, malnutrition, and renal dysfunction[12, 13]. Among those factors, oxidative stress induces 

bone marrow dysfunction, leading to abnormal heme synthesis and hemoglobin production that 

increased in RDW. In the present study, the patients with high RDW at baseline demonstrated time-

dependent decrease in EF and higher occurrence of CTRCD. These findings raise the possibility that the 

patients with high RDW already had been exposed to increased oxidative stress before chemotherapy, 

and were more vulnerable to additional oxidative stress by anthracycline, resulting in the development 

of CTRCD.  

Although underlying mechanisms of interaction between RDW and CTRCD remains to be 

elucidated, to the best of our knowledge, this is the first report to demonstrate the association between 

RDW and CTRCD.  

The utility of RDW has been reported in not only cardiovascular disease, but also cancer 

prognosis. High RDW are associated with unfavorable survival in many types of cancers including 
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breast cancer[14], hematological tumor[15], gynecological cancer[16, 17], and osteosarcoma[18]. 

Although there is no clear explanation of the relationship between RDW and cancer prognosis, RDW 

can be a promising biomarker for assessment of the risk of CTRCD and cancer prognosis. Cardinale et 

al. reported that 78% patients with anthracycline-induced cardiotoxicity showed a full or partial recovery 

with heart failure therapy [6]. In this cohort, one patient presented less than 40% of ejection fraction at 

6-month follow-up. He was administered β-blockers and ACE inhibitors soon after the onset of CTRCD. 

Then, his ejection fraction recovered to over 50% at 12-month follow-up. We speculate that early 

initiation of cardioprotective therapy induced a recovery of cardiac function. Thus, early detection and 

treatments of CTRCD are essential to minimize cardiac damage induced by anthracyclines. TnI and 

BNP are widely used surrogate biomarkers to detect CTRCD, but the elevation occurs after starting 

anthracycline chemotherapy [19]. Compared to them, RDW can predict the development of CTRCD 

before chemotherapy. By assessing RDW before chemotherapy, precise follow-up management can be 

scheduled and indication of prophylaxis treatment can be discussed. To date, several clinical studies 

have demonstrated that angiotensin-converting enzyme and beta-adrenergic receptor blockers prevent 

cardiac dysfunction after anthracycline chemotherapy [20]. According to previous reports of anti-

oxidative effects of carvedilol and ACE inhibitor [21], the efficacy of prophylaxis may be expected to 

the patients with high RDW.  
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In the present study, the calculation of NRI and IDI demonstrated the significance of RDW for 

the prediction of CTRCD. The utility of RDW should be considered when managing cancer patients 

treated with anthracycline-containing chemotherapy. 

 

Limitations 

This study was performed using a relatively small number of patients and short follow-up period by a 

single center. Longer follow-up and larger population data were needed to confirm the importance of 

RDW to the development of CTRCD and cardiovascular prognosis. According to 2016 ESC position 

paper [1], 3 dimensional-based LVEF have advantages to assess cardiac function compared to Simpson’s 

method, and global longitudinal strain reveals subtle changes in left ventricular function, and thus 

detects myocardial damage in the early stage before reduces in left ventricular ejection fraction  [22]. 

Further studies using 3 dimentional echocardiography and global longitudinal strain are desirable in the 

future.  

 

Conclusion 

Baseline RDW identifies high risk patients with anthracycline-induced CTRCD.  
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Figure legends 

Figure 1.  

Patient cohort selection. 

RDW, red blood cell distribution width. 

 

Figure 2.  

Time-dependent changes in EF after anthracycline treatment. 
(A) Changes in EF in low RDW group. (B) Changes in EF in high RDW group. 
EF, ejection fraction; RDW, red blood cell distribution width. 

 

Figure 3.  

Receiver operator characteristic curve analysis of red blood cell distribution width predicting the 
occurrence of cancer therapeutics-related myocardial disorder by anthracycline. 
AUC, area under the curve. 
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Table 1. Baseline clinical characteristics of patients with high or low RDW 
 Low RDW (n=98) High RDW (n=104) P value 

Age, years 58.0 (47.5-66.0) 54.0 (45.0-65.0) 0.396 

Female, n (%) 81 (82.6) 81 (77.8) 0.395 

Body mass index, kg/m² 22.9 ± 3.7 23.7 ± 4.5 0.161 

Cardiovascular risk factor    

Hypertension, n (%) 21 (21.4) 26 (25.0) 0.426 

Dyslipidemia, n (%) 34 (34.6) 23 (22.1) 0.101 

Diabetes mellitus, n (%) 10 (10.2) 12 (11.5) 0.669 

Current or past smokers, n (%) 33 (33.6) 36 (34.6) 0.849 

Family history of CAD, n (%) 9 (9.1) 14 (13.4) 0.270 

CKD (eGFR<60 ml/min/1.73m²), n (%) 15 (15.3) 15 (14.4) 0.858 

Pre-treatment cardiovascular medications  

Aspirin, n (%) 2 (2.0) 3 (2.8) 0.528 

Statin, n (%) 9 (9.1) 10 (9.6) 0.916 

β-blocker, n (%) 1 (1.0) 2 (1.9) 0.522 

ACE inhibitor and/or ARB, n (%) 18 (18.3) 12 (11.5) 0.173 

Anti-cancer treatment    

Cumulative anthracycline dose, mg/m² 200 (180-240) 180 (150-250) 0.203 

HER2 inhibitor, n (%) 15 (15.3) 10 (9.6) 0.220 

Radiation therapy, n (%) 7 (7.1) 6 (5.7) 0.774 

Oncological disease    

Breast cancer, n (%) 59 (60.2) 45 (43.2) 0.016 

Hematological tumor, n (%) 20 (20.4) 33 (31.7) 0.068 

Gynecologic tumor, n (%) 10 (10.2) 14 (13.4) 0.475 

Osteosarcoma, n (%) 8 (8.1) 9 (8.6) 0.900 

Other solid tumor, n (%) 1 (1.0) 3 (2.8) 0.333 

Laboratory data    

BNP, pg/ml 11.2 (6.6-19.8) 12.4 (5.9-22.7) 0.665 

Troponin I, ng/ml 0.017 (0.017-0.017) 0.017 (0.017-0.017) 0.776 

Total protein, g/dl 7.10 (6.8-7.5) 7.0 (6.7-7.4) 0.187 

Albumin, g/dl 4.2 (3.9-4.5) 4.0 (3.8-4.3) 0.003 

AST, U/L 18 (15-21) 19 (15-24) 0.788 
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ALT, U/L 15 (12-21) 14 (10-25) 0.560 

LDH, U/L 181 (153-215) 197 (165-244) 0.060 

BUN, mg/dl 13.0 (10.7-15.0) 13.0 (10.0-15.0) 0.509 

Creatinine, mg/dl 0.65 (0.57-0.76) 0.66 (0.57-0.78) 0.588 

eGFR, ml/min/1.73m² 77.0 (63.7-89.2) 72.0 (65.0-89.0) 0.705 

Total cholesterol, mg/dl 201.9 ± 36.9 191.5 ± 42.6 0.099 

Triglyceride, mg/dl 106 (68.2-166.7) 107.5 (79.7-227.5) 0.979 

High density lipoprotein cholesterol, 

mg/dl 

54.9 ± 15.0 53.1 ± 15.5 0.458 

Low density lipoprotein cholesterol, 

mg/dl 

120.7 ± 30.9 113.2 ± 36.4 0.157 

Hemoglobin A1c, % 5.6 (5.4-5.8) 5.7 (5.5-6.1) 0.185 

C-reactive protein, mg/dl 0.11 (0.04-0.38) 0.16 (0.07-0.70) 0.024 

Uric acid, mg/dl 4.3 (3.4-5.3) 4.7 (3.6-5.3) 0.876 

D dimer, μg/ml 0.5 (0.5-0.925) 0.9 (0.5-2.3) <0.001 

White blood cell, /μl 5550 (4450-6800) 5500 (4200-7200) 0.958  

Hemoglobin, g/dl 13.1 (12.4-13.8) 11.8 (10.5-13.2) <0.001 

MCV, fl 93.0 ± 4.2 89.2 ± 8.9 <0.001 

PLT, x10³/μl 252.5 ± 72.8 246.6 ± 96.1 0.624 

RDW 13.0 (12.6-13.2) 14.9 (13.9-17.0) <0.001 

Echocardiographic data    

LVDdI, mm/m² 26.6 (24.5-29.2) 26.3 (24.5-28.5) 0.604 

LVDsI, mm/m² 16.2 ± 2.4 16.4 ± 2.8 0.680 

LVMI, g/m² 67.8 (58.7-82.1) 71.3 (61.8-84.9) 0.076 

LVEDVI, ml/m² 47.0 ± 13.6 46.6 ± 18.6 0.844 

LVESVI, ml/m² 16.1 (13.4-20.9) 16.2 (12.4-20.1) 0.668 

EF, % 64.1 ± 4.9 65.1 ± 5.2 0.181 

LAVI, ml/m² 22.8 (17.1-28.4) 22.9 (17.3-31.5) 0.333 

E/A 0.97 (0.75-0.20) 1.01 (0.76-1.19) 0.710 

Mitral regurgitation (mild and above) n, (%) 20 (20.2) 17 (16.5) 0.793 

Aortic regurgitation (mild and above) n,(%) 7 (7.1) 8 (7.8) 0.850 

Aortic stenosis (mild and above) n, (%) 0 2 (1.9) 0.259 
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Values are indicated by mean ± SD, median with interquartile range or n (%). Monoclonal antibodies 
include HER2 inhibitor. Radiation therapy includes only irradiation to the mediastinum. Hematological 
tumor includes Hodgkin disease, Non-Hodgkin disease, acute myeloid leukemia, acute lymphocytic 
leukemia, and chronic lymphocytic leukemia. Gynecologic tumor include uterine cancer or sarcoma and 
ovarian cancer. Other solid tumors include thymoma, soft tissue tumor, teratoma.  
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BNP, B-type natriuretic 
peptide; CAD, coronary artery disease; CKD, chronic kidney disease; EF, ejection fraction; eGFR, 
estimated glomerular filtration rate; GLS, global longitudinal strain; HER2, human epidermal growth 
factor receptor 2; LAVI, left atrial volume index; LV, left ventricular; LVDdI, LV diastolic dimension 
index; LVDsI, LV systolic dimension index; LVEDVI, LV end-diastolic volume index; LVESVI, LV 
end-systolic volume index; LVMI, LV mass index; MCV, mean corpuscular volume; RDW, Red blood 
cell distribution width; RVD, right ventricular dimension; TR-PG, tricuspid pressure gradient. 
  

TR-PG, mmHg 19.3 (16.2-22.3) 19.0 (15.0-23.0) 0.463 

RVD, mm 27.2 ± 6.3 28.7 ± 5.6 0.098 
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Table2. Parameters associated with the occurrence of CTRCD 

*Adjusted for hypertension, cumulative anthracycline dose, albumin, ejection fraction, and RDW 
categorical variables. 

 Univariable Multivariable* 

 Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value 

Age, per 1-year increase  0.986 (0.950-1.023) 0.455   

Female 0.898 (0.239-0.384) 0.874   

Hypertension 0.511 (0.110-2.371) 0.391 0.264 (0.03-1.78) 0.171 

Dyslipidemia 0.186 (0.024-1.446) 0.110   

Diabetes mellitus 0.586 (0.073-4.711) 0.615   

Current or past smoker 0.299 (0.065-1.374) 0.121   

Cumulative anthracycline dose, 

mg/m² per 1.0 increase 
1.010 (1.004-1.016) 0.001 1.010 (1.00-1.02) <0.001 

HER2 inhibitor 0.526 (0.066-4.201) 0.544   

Radiation therapy 1.077 (0.130-8.941) 0.945   

BNP, pg/ml per 1.0 increase 1.000 (0.976-1.025) 0.998   

Albumin, per 1.0 increase 0.469 (0.171-1.286) 0.141 0.367 (0.09-1.35) 0.131 

LVMI, g/m² per 1.0 increase 0.998 (0.970-1.027) 0.876   

LVEDVI, ml/m² per 1.0 increase 0.994 (0.959-1.024) 0.574   

LVESVI, ml/m² per 1.0 increase 1.072 (0.970-1.178) 0.149   

EF, per 1.0 increase 0.926 (0.826-1.038) 0.186 0.868 (0.75-1.01) 0.058 

LAVI, ml/m² per 1.0 increase 0.999 (0.967-1.031) 0.824   

RDW, per 1.0 increase 1.378 (1.126-1.687) 0.002 1.390 (1.09-1.78) 0.008 



 

26 

 

BNP, B-type natriuretic peptide; CI, Confidence interval; CTRCD, cancer therapeutics-related myocardial 
disorder; EF, ejection fraction; HER2, human epidermal growth factor receptor 2; LAVI, left atrial volume 
index; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume 
index; LVMI, left ventricular mass index; RDW, red blood cell distribution width. 
 
 
 
 
  



 

27 

 

Figure 1.  

 

Patient cohort selection. 

RDW, red blood cell distribution width. 
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Figure 2.  

 

Time-dependent changes in EF after anthracycline treatment. 
(A) Changes in EF in low RDW group. (B) Changes in EF in high RDW group. 
EF, ejection fraction; RDW, red blood cell distribution width. 
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Figure 3.  

 
Receiver operator characteristic curve analysis of red blood cell distribution width predicting the 
occurrence of cancer therapeutics-related myocardial disorder by anthracycline. 
AUC, area under the curve. 
 


