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Purpose: Red blood cell distribution width (RDW) has been considered as a potential
indicator of the effects of treatment or as a prognostic indicator for various malignancies.
Most chronic myeloid leukemia (CML) patients are in the chronic phase, but some have
transformed to accelerated phase or blast phase (blast crisis). However, the clinical signifi-
cance of RDW in CML remains limited.

Patients and Methods: In the present study, detailed clinical information and the RDW of
168 healthy people and 153 CML patients (106 patients for the training cohort and 47
patients for the validation cohort) were retrospectively assessed.

Results: Multivariate analysis demonstrated that patient age (OR, 1.081; 95CI%
1.039~1.125; p < 0.001), platelet counts (OR, 0.997; 95CI1% 0.994~0.999; p = 0.001) and
RDW at admission (OR,1.469; 95CI% 1.121~1.925; p = 0.005) were significantly associated
with the patients with advanced phase. Among CML patients in the chronic phase, higher
RDW was significantly associated with overall survival (OS; p = 0.0008) and the event-free
survival (EFS; p = 0.0221) among CML patients with chronic phase, but not with
Transformation-free survival (TFS; p = 0.0821). Furthermore, higher RDW was associated
with higher mortality compared to patients with low RDW (CML-associated deaths; p <
0.0001). In addition, a decline in RDW is associated with the treatment of CML patients with
tyrosine kinase inhibitors, especially at 6 and 12 months after the start of treatment.
Conclusion: Higher RDW is a potential prognostic biomarker for chronic CML patients.
Keywords: red blood cell distribution width, chronic myeloid leukemia, chronic phase,

adverse prognosis

Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative disorder character-
ized by a reciprocal chromosomal translocation which forms the abnormal
BCR-ABL1 fusion gene because of an acquired reciprocal t (9; 22) (q34;
qll) translocation. The disease is traditionally described as manifesting in
one of the three distinct clinical phases: chronic phase (CP), accelerated
phase (AP), and blast crisis (BC)." The introduction of tyrosine kinase inhibi-
tors (TKIs) dramatically improved the outcomes of patients with CML. At
present, patients with chronic phase CML (CML-CP) can attain long-term
survival.>® The Sokal, Hasford, and European Treatment and Outcome Study
(EUTOS) scores are used to determine the prognosis of CML patients.
However, there are still some patients in which the treatment failed and their
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CML-CP transformed to CML-AP or CML-BC.**®
Hoffmann VS et al’s team reported that 3.1-14% of
CML patients had progressive clinical features at diag-
nosis or during long-term follow-up.” In previous stu-
dies, clinical workers usually focused on the effect of
treating CML-CP patients with TKIs.® Although the
prognosis of patients with CML-CP is accurate, the
characteristics and markers for determining the prog-
nosis of the advanced phase of CML are still not clear.
The BCR-ABLI transcript and somatic variants in epi-
genetic modifiers were confirmed, and these can be
used to predict the response to imatinib.'®'" Lauseker
M et al’s study determined that blast counts, age,
chromosomal aberrations, and hemoglobin are the
prognostic factors for patients with advanced phase.'?
In another study, the results showed that many factors
such as myeloid immunophenotype, treatment with
TKIs before transformation to CML-BC, patients' age,
and platelet counts <102x10°/L could predict poor sur-
vival rates in CML-BC patients." Studies have discov-
ered various prognostic factors that are related to
chronic or advanced phase of CML. However, for
patients diagnosed with CML the factors that can be
used to determine their prognosis and survival out-
comes are still not clear.

During follow-up periods, a complete Blood Count
(CBC) is used to assess the effect of treating CML
patients with TKIs."* The red blood cell distribution
width (RDW) is a simple parameter that is part of the
standard full blood count and measures of the hetero-
geneity in the size of a circulating patient’s erythrocytes.
The RDW is provided by automated hematology analy-
zers and it reflects the distribution of the red blood cell
(RBC) volume.'” There is increasing evidence that an
elevated RDW is associated with a poor prognosis for

1617 a5 well as in

18-20

people in the general population,
patients with coronary artery disease, metabolic
syndrome,?' and heart failure.**** Traditionally, RDW
has been used in the investigation of the etiology of
anemia.”* The previous study only used the upper limit
of the normal RDW range (RDW value 15.0%) to pre-
dict the prognosis and the response of CML-CP patients
to treatment.”> However, it may not be suitable for
determining the prognosis of CML patients when they
are diagnosed at their first admission. Yuta Baba et al’s
team identified a new RDW cutoff using different clin-
ical outcomes

of patients with myelodysplastic

syndrome.”® Therefore, the hypothesis that different

RDW values indicate the occurrence and the different
phases of CML is proposed. In addition, it is suggested
that assessing patients’ RDW is more favorable for
assessing their treatment and for their follow-up
evaluations.

The present study found that RDW was temporarily
elevated when the CML-CP of patients transformed to the
advance phase. The present study used X-tile software and
data from a training and validation cohort established the
most suitable RDW cutoff value based on the different
phases of CML. In addition, univariate and multivariate
analyses were used to determine which factors are asso-
ciated with the advanced phase of CML in all patients.
Based on the records of the patients, the role of RDW as
a predictor of the prognosis and survival outcomes of the
patients was also confirmed in the present study.

Patients and Methods

Patients

Our study retrospectively reviewed 153 CML patients
from January 2009 to December 2019 at the Second
Affiliated Hospital & Yuying Children’s Hospital of
Wenzhou Medical University. The patients were all over
18 years of age and were treated with TKIs and their
outcome was followed up for at least 12 months. CML-
CP and CML-AP/BC were diagnosed according to the
European Leukemia Net (ELN2013) criteria.?’

The criteria for excluding patients from the present
study were: patient’s age <18 years (n = 19); patient’s
data were not completed (n = 11); patients without follow-
up data (n = 7); patients initially treated with interferon-a
(n = 8); patients treated with any chemotherapeutic agent
prior to or in combination with TKI treatment (n = 6);
patients that received a blood transfusion prior to TKI
treatment (n = 9); patients that received a hematopoietic
stem cell transplant during follow-up (n = 8); and patients
who had an NYHA grade of II/IV (n = 3). The framework
and criteria used to select patients for inclusion in the
present study are described in Figure 1.

The clinical characteristics of the patients that were
recorded included their age, gender, history of smoking,
Splenomegaly, history of cardiovascular system dis-
cases, and with what they were initially treated. We
defined a patient as a nonsmoker if they had never
smoked or had smoked less than 100 cigarettes in their
The
patients is

lifetime. All others were classified as smokers.

detailed clinical information of the
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Patients were diagnosed as chronic myeloid leukemia (CML) from January 2009 to
December 2019 at The Second Affiliated Hospital & Yuying Children’s Hospital of
Wenzhou Medical University (n = 224)

Exclusion

ﬁPatiem’s age < 18 years (n=19) \
2. Patient’s data were not completed (n = 11)
3. Patients were lost follow-up (n =7)
4. Patients were selected interferon-a as initial treatment
(n=38)
5. Patients were selected any chemotherapeutic agent

A 4

criteria

prior to or in combination with TKIs treatment (n = 6)
6. Patients were received blood transfusion prior to TKIs

treatment (n =9)

7. Patients were received hematopoietic stem cell

transplant during follow-up (n = 8)
8. Patients who had NYHA III/IV grade (n = 3)

Patients who treated with any TKIs as initial therapy and followed up
for at least 12 months (n =153)

A

Patients who were diagnosed as CML-CP
at first admission (z = 137)

\

Patients who were diagnosed as CML-
AP/BC at first admission (n = 16)

Figure | Flow chart of the criteria used to select the patients for inclusion in the present study.

summarized in Table 1. The definitions of a partial
(PCyR),
response (MMR), and a complete cytogenetic response

cytogenetic response a major molecular
(CCyR) were in accordance with the recommendations
of the ELN 2013. The categories of response to treat-
ment with TKIs included optimal, warning, and failure
responses, and were defined according to the ELN 2013
recommendations.’

The overall survival (OS) of a patient was defined as
the length of time from diagnosis to death or the last
follow-up. Event-free survival (EFS) was defined as the
time period from the date of diagnosis to the date of the
first event or the last follow-up. Events were defined as
either two consecutive confirmations of a loss of CCyR,
the transformation of CML-CP to CML-AP/BC, or any
cause of death. Transformation-free survival (TFS) was
defined as the period from the date of the diagnosis when
the patient’s CML-CP transformed to CML-AP/BC or the
last follow-up. All of the patients consented to participate
in the present study by signing an informed consent form.
The present study was approved by the Research Ethics
Board of The Second Affiliated Hospital & Yuying

Children’s Hospital of Wenzhou Medical University
(Number: LCKY2020-430) and it was conducted in
accordance with the Declaration of Helsinki.

Complete Blood Count (CBC) and RDW

Values

In our study, the CBC was obtained from patients’ periph-
eral venous blood using a Sysmex XI-5000, Japan. The
RDW values at diagnosis were obtained prior to treatment.
Accordingly, the range 11.6~15.0% was considered
normal.

To avoid overfitting and to analyze the interobserver
reproducibility of the RDW values, the CML patients were
randomly assigned to training cohort (n = 106; 70%) and
validation cohort (n = 47; 30%) using R software version
3.0.1 (http://www.R-project.org). The distribution of the

p value of the RDW cutoff value was determined using

X-tile software, version 3.6.1 (Yale University School of
Medicine, New Haven, Conn) and also confirmed using
the training cohort, which included patients with advanced
phase.
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Statistical Analysis

The statistical analyses were performed using the software
SPSS V. 26.0 (SPSS; Chicago, IL, USA). Categorical data
were compared between groups using Fisher’s exact test or
the chi-square test. Continuous data were compared using
the t-test. The relationship between the clinical features
and the advanced phase of CML were analyzed using uni-
variate and multivariate analyses. The Kaplan—Meier
method was used to analyze OS, EFS, TFS, and the CML-
associated deaths. The Log rank test was used to compare
0OS, EFS, TFS, and CML-associated deaths between groups
of patients with low and high RDW values. A p value less
than 0.05 was considered statistically significant.

Results
Clinical Characteristics of the CML

Patients
The 153 CML patients included in the present study consisted
of 137 and 16 newly diagnosed CML-CP and CML-AP/BC
patients, respectively. During follow-up examinations, the
CML-CP of 11 patients was determined to have transformed
to CML-AP/BC. One-hundred and eighteen of the 137 patients
with CML-CP had RDW values higher (86.13%; range
13.3~22.9%) than the normal range. The 16 patients diagnosed
with CML-AP/BC when diagnosed all had RDW values
(100%; range 15.2~19.9%) that were higher than the normal
range.

The patients in the high RDW group had higher WBC
counts (p < 0.001), lower hemoglobin levels (p < 0.001),

A
244 . 1o .
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Nomal CML-CP CML-AP/BC

lower RBC counts (p < 0.001), higher RDW when diagnosed
(p <0.001), a higher probability of splenomegaly, and higher
probabilities of blast and eosinophils in the peripheral blood
(p <0.05) compared to patients in the low RDW group and in
the training cohort, whereas, when comparing patients in the
high and low RDW groups, no differences were observed in
their ages, gender, platelet count, history of smoking, or dis-
eases of their cardiovascular systems (Table 1). Furthermore,
based on patients in the validation cohort, differences in the
WBC count, hemoglobin level, RBC count, and RDW when
diagnosed were also found for patients in the low and high
RDW groups in the validation cohort (p < 0.05). No statistical
differences were observed in any of the other clinical features
(Table 1). Our study also additionally analyzed the differences
in patients with CP between low and high RDW groups in
patients with CP (Supplement Table 1).

The Most Suitable RDW Cutoff Value
Related to the Advanced Phase (CML-AP/

BC)

There were 137 newly diagnosed CML-CP patients, 16 newly
diagnosed CML-AP/BC patients, and 11 patients developed to
CML-AP/BC during the followed period. Besides, our study
also collected 168 healthy people’s RDW value, who did not
have tumors and other diseases (age; range 18~68 years).
There were significant differences in RDW value among
Normal and CML-CP groups (p < 0.001; Figure 1A),
Normal and CML-AP/BC groups (p < 0.0001; Figure 2A),
CML-CP and CML-AP/BC groups (p = 0.0003; Figure 2A).
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Figure 2 (A) Differences in the RDW values between healthy people (normal, n = 168) and patients with CML-CP (n = 137) and CML-AP/BC (n = 27). (B) The distribution
of the p values of the different RDW cutoff values of the patients (n = 106) in the training cohort (**p<0.001).
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Figure 3 The overall survival of patients in the training (A) and validation (B) cohorts. The distribution of patients in the training (C) and validation (D) cohorts with
advanced phase CML and in the high and low RDW groups which were based on the RDW cutoff value.

Application of the X-tile software to the training cohort (n
= 106, 90%) determined that an RDW value of 16.8% distin-
guished between patients with CML-CP and CML-AP/BC
(p = 0.0069, Figure 2B). Application of the Kaplan—-Meier
method to the training (p = 0.0028, Figure 3A) and validation
cohort (p = 0.0221, Figure 3B) showed that patients in both
cohorts with higher RDW values have significantly shorter OS
than patients with low RDW values. Furthermore, the distribu-
tion of patients in the training (Figure 3C) and validation
(Figure 3C) cohorts with advanced phase CML in the high
and low RDW groups are also shown.

To further prove the practicality of using this RDW cutoff
value to predict the CML phase, Spearman’s rank correlation
coefficient was used to determine if there is a correlation
between RDW values and blast cells in the bone marrow
when diagnosed. The result showed that the RDW value is
a better factor for predicting patients with the advanced phase
(p=0.011; »= 0.543) than patients with CML-CP.

The RDW Value as a Predictor of
Patients’ Response to Treatment and the
Prognosis of Patients with CML-CP

Our study investigated the extent to which the RDW value
could predict CML patients’ response to treatment as mea-
sured using the recommendations of the ELN 2013.
Compared to the CML patients in the low RDW group, the
CML patients in the high RDW group were associated with
a significantly poorer response to treatment after 3, 6, and 12
months after the commencement of treatment (Table 2).
The OS (p = 0.0008; Figure 4A) and EFS (p = 0.0221;
Figure 4B) of patients in the high RDW group were signifi-
cantly less than that of the patients in the low RWS group,
respectively. Furthermore, the CML-associated deaths were
significantly higher in patients with advanced CML (83.3%)
compared to patients with CML-CP and with high (14.5%) and
low (2.4%) RDW values (p < 0.001; Figure 4D). The RDW

submit your manuscript

1238

Dove

Cancer Management and Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

Table 2 Associations Between RDW and the Responses Treatment with TKls

3 Months Optimal/Warning/ 6 Months Optimal/Warning/ 12 Months Optimal/Warning/
Failure Failure Failure

RDW Low (n=81) | 77/3/1 73/5/3 721712

RDW High (n =56) | 45/7/4 37/10/9 31/12/13

p value 0.024 0.002 <0.001

values could not be used to predict TFS (p = 0.0821;
Figure 4C).

Changes in the RDWV Values of CML
Patients That Were Treated Over Time
with TKls

To evaluate the correlation between the RDW values and
the therapeutic effect of TKIs, the dynamic changes in the
RDW values of CML patients following treatment over
time with TKIs were analyzed. The RDW value was
initially elevated at 1 month (median 16.6% when diag-
nosed and 17.6% after 1 month of treatment; p = 0.001,
Figure 5A) but declined significantly after 3 months (med-
ian 15.7% at 3 months; p = 0.001 Figure 4A) of treatment
with TKIs. Furthermore, compared with the RDW values
of the CML patients at diagnosis, the RDW values were
significantly lower after 6 months of treatment with TKIs
treatment (median14.5%; p < 0.001, Figure 5A).

To compare the longitudinal changes of the RDW
values between patients in the low and high RDW groups,
the patients with CML-CP were compared with patients
with CML-CP and advanced CML, ie, all-CML. The
RDW values of the patients in all CML and low RDW
groups at diagnosis returned to the normal range after 6
months of treatment with TKIs (Figure 5B).It took 2 years
for the patients in, while the high RDW group patients
tend to return to the normal range in 2 years (Figure 5B).

Factors Associated with Advanced Phase
CML (CML-AP/BC) in All CML Patients:

Univariate and Multivariate Analyses

The univariate analysis showed that ages (OR, 1.063; 95%
CIL, 1.029~91.098; p < 0.001), WBC counts (OR, 0.214;
p <0.001), RBC count (OR, 0.594; 95% CI, 0.356~0.992;
p < 0.001), hemoglobin level (OR, 0.970; 95% CI,
0.952~0.989; p = 0.047), RDW value when diagnosed
(OR, 1.264; 95% CI, 1.024~1.559; p = 0.029), platelet
count (OR, 0.997; 95% CI, 0.996~0.999; p = 0.006),
eosinophil in PB (OR, 0.214; p < 0.001), basophil in PB

(OR, <0.001; 95% CI, 1.029~91.098; p < 0.001), history
of cardiovascular system disease (OR, 1.648; 95% CI,
1.103~2.463; p = 0.001) were all significantly associated
with advanced phase (Table 3). However, gender, history
of smoking, and splenomegaly were not associated with
the advanced phase (Table 3).

The multivariate analysis showed that age (OR,1.081;
95CI% 1.039~1.125; p < 0.001), being a female
(OR,0.332; 95CI% 0.119~0.926; p = 0.035), platelet
count (OR,0.997; 95CI% 0.994~0.999; p=0.001), RDW
value when diagnosed (OR,1.469; 95CI% 1.121~1.925;
p=0.005) were correlated with advanced phase, but while
not any of the other variables (Table 3).

Discussion

CML is a neoplastic disease, and its genetic and cytoge-
netic changes play important roles in the prognosis and
treatment process of patients. Our study demonstrated
that higher RDW values are an adverse prognostic and
survival outcomes biomarker for CML-CP patients. The
multivariate analysis demonstrated that age, platelet
count, and RDW at diagnosis were related to the
advanced phase. Consequently, the dynamic changes of
the RDW values of CML patients could help clinical
workers manage the follow-up treatment of the patients.
In agreement with the significance of responses to early
treatment, the RDW value at diagnosis also predicted the
outcomes, because it reflected an early response at 3
months, to treatment.”® The vast majority of CML
patients are diagnosed with CML-CP. However, some
patients present with features of advanced phase at diag-
nosis. Most studies analyzing prognostic factors and sur-
vival outcomes for CML-AP/BC refer to patients that
developed this advanced phase of CML from an initial
diagnosis of CML-CP.**>° The results of these studies
indicate that despite the availability of TKIs, the treat-
ment options and the outcome for these patients are still
poor. After transformation from CML-CP to CML-BC,
the median survival time in a German CML-study IV was
7.9 months."® Therefore, there is still a need for more
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in the low and high RDW groups, and those with advanced phase CML, respectively.

markers to predict the advanced phase and for the prog-
nosing patients with CML-CP. Detection of the BCR-
ABLI1 transcript level is the gold standard method for
monitoring CML minimal residual disease and the opti-
mal management of CML patients.*! Although there are
many emerging technologies, such as digital PCR, to
detect the transcription level of BCR-ABLI,**** RDW
detection is a widely available and inexpensive test that is
performed as part of the complete blood count. It is
important to point out that the average lifespan of RBCs
is 120 days; thus, RDW could be used as an indicator
during the long-term follow-up of patients with CML.

Our study showed that RDW plays an important role in
determining the prognosis and the effect of treatment with
TKIs. What follows is a description of the reasons why
RDW plays a key prognostic role in CML. It is well established
that the RDW value is elevated when the destruction of RBCs
increases or there is an increase in the production of infective
defective RBCs.'> CML is a specific disease in which the CML
stem cells have to differentiate towards the erythroid cell line-
age, resulting in the involvement of malignant clone-derived
erythropoiesis.>> Some studies have recently revealed that
patients harboring IDH1/2 and ASXL1 mutations had signifi-
cantly higher RDW values than those without these
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mutations.***” Furthermore, these mutations are often present
in CML cells and are associated with the status of the disease in
CML patients.*” Although baseline prognostic factors for the
efficacy of treatment with second TKIs have not yet been
determined, the multiple predictors for the efficacy of treat-
ment with imatinib have already been reported. A recent study
showed that the Sokal low and medium/high groups responded
equally to dasatinib treatment.’® Another study proved that
Treatment-Free Remission after second-line nilotinib treat-
ment in patients with CML-CP was greatly improved and
none had CML progression to AP or BC.** However, in our

study, only 14 patients chose to be treated with the second TKIs
treatment. We did not make a distinction between patients
treated with first and second TKIs in our study, we analyzed
the change in RDW values of patients treated with TKIs as
a whole.

We were aware of some limitations in our study. Our study
split the 153 patients into a training and validation cohort for
the internal validation. However, the sample size of the CML
patients that enrolled in the study was not large and the results
of single-center retrospective cohort studies are not general-
izable to other populations.

Table 3 Univariate and Multivariate Analyses of Factors for the Advanced Phase in All Patients

Variables Univariate Analysis OR (95% CI) | p value Multivariate Analysis OR (95% ClI) | p value
Ages 1.063 (1.029~1.098) <0.001 1.081 (1.039~1.125) <0.001
Gender (Female) 0.656 (0.488~0.961) 0.052 0.332 (0.119~0.926) 0.035
WBC counts (x10°/L) 0214 <0.001
RBC counts (x10'%/L) 0.594 (0.356~0.992) 0.047
Hemoglobin (g/L) 0.970 (0.952~0.989) 0.002
RDW at diagnosis (%) 1.264 (1.024~1.559) 0.029 1.469 (1.121~1.925) 0.005
Platelet counts(x 10%/L) 0.997 (0.996~0.999) 0.006 0.997 (0.994~0.999) 0.001
Eosinophil (%; PB) 0.214 <0.001
Basophil (%; PB) <0.001 (0.001~0.003) 0.011
Smoking status
Never-smoker Reference
Ever-smoker 0.991(0.522~1.882) 0.978
Splenomegaly 0.935 (0.762~1.147) 0.553
Cardiovascular system disease 1.648 (1.103~2.463) 0.001
Note: Cardiovascular system diseases: chronic heart failure, coronary atherosclerotic heart disease and hypertension.
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Conclusion

The stratification of CML patients according to their RDW
value can be used to determine their prognosis, survival out-
comes, and advanced phase. This stratification is beneficial to
subsequent treatment. To avoid CML-CP transforming to
advanced phase, patients whose RDW > 16.8% when diag-
nosed need more time for follow-up. In the future, we will
validate these findings in a larger population, which may
provide new insights into CML therapy and follow-up
treatment.
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