
Abstract. The significance of red blood cell distribution
width (RDW) was evaluated in patients with chronic myeloid
leukemia (CML) in the chronic phase (CP). Eighty-four
patients with newly-diagnosed CML-CP treated with any
tyrosine kinase inhibitor (TKI) were analyzed. Patients were
divided into two groups: a low-RDW group (RDW values
≤15%, n=31) and a high-RDW group (RDW values >15%,
n=53). The 5-year event-free survival (EFS) and
transformation-free survival (TFS) rates differed significantly
between the low- and high-RDW groups (100% and 68%,
respectively, in EFS, p=0.0071 and 100% and 81%,
respectively, in TFS, p=0.039). The stratification by RDW
had an impact on overall 5-year survival (100% in the low
and 77% in the high RDW groups, p=0.047). We conclude
that the RDW has a critical role in risk stratification of
CML-CP patients for predicting treatment responses and
outcomes. 

The introduction of the tyrosine kinase inhibitor (TKI)
imatinib has dramatically improved outcomes for patients
with chronic myeloid leukemia (CML) (1-3). At present,
patients with chronic-phase CML (CML-CP) can attain long-
term survival. Indeed, it has been shown that over of 80% of

CML patients survive with imatinib treatment (1-3).
Furthermore, the second-generation TKIs (2nd TKIs)
nilotinib and dasatinib were approved as initial treatment
agents for CML-CP based on the favorable results of two
major randomized studies, ENESTnd and DASISION,
testing the safety and efficacy of these TKIs compared to
imatinib (4, 5). Although these treatment strategies appear
promising, some patients still have an unfavorable prognosis
when the treatment response is insufficient.

To date, treatment response as indicated by the cytogenetic
or molecular evaluation at 3 months after initiating treatment
is known as the most useful and reliable prognostic factor in
CML-CP. Although scoring systems for CML-CP, such as
Sokal, Hasford, and European Treatment and Outcome Study
(EUTOS) scores, are also regarded as useful predictors of
treatment, they often fail to predict patient outcomes
including treatment response to TKI treatment (6-9). 

We recently found that CML patients show anisocytosis at
diagnosis, in most cases, that is improved after TKI
treatment. The red blood cell (RBC) distribution width
(RDW) is a simple parameter that can be obtained from the
results of blood cell counts in clinical practice and reflects
the distribution of RBC volume. Indeed, the RDW values in
CML-CP patients were beyond the normal limit in most
cases. In the present study, we report on the impact of RDW
values on CML-CP patient outcomes and the role of RDW
as a predictor of treatment responses based on the records of
patients treated with TKI at our Institution. 

Patients and Methods

Patients. We conducted a retrospective review of patient data from
our Institution. Briefly, the study included patients who were more
than 15 years old, diagnosed with CML-CP between April 2001 and
January 2015, treated with any TKI as initial therapy, and followed-
up for at least 3 months. CML-CP was diagnosed according to the
European LeukemiaNet (ELN) criteria, described previously (10).
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Exclusion criteria were the use of interferon-α or any
chemotherapeutic agent prior to or in combination with TKI
treatment and mean corpuscular volume in RBC <80% at diagnosis.
However, patients who received hydroxyurea prior to TKI treatment
were included in the study. RDW values at diagnosis were obtained
prior to treatment (including the use of hydroxyurea, TKI, or blood
transfusion). The study was approved by the Research Ethics Boards
of the Nihon University Itabashi Hospital and conducted in
accordance with the Declaration of Helsinki.

Assessment of treatment response. Definitions of partial cytogenetic
response (PCyR) and complete cytogenetic response (CCyR) were
in accordance with the ELN 2013 recommendations (11). The
disappearance of the Philadelphia (Ph) chromosome on G-banding
analysis of the bone marrow, fluorescence in situ hybridization
(FISH) analysis of the bone marrow, or FISH analysis of peripheral
blood was regarded as CCyR. A major molecular response (MMR)
was defined as less than the threshold of 0.1% of BCR-ABL1/ABL1
transcript, according to the international scale (BCR-ABL1IS) (10,
11). Detection of less than 100 copies of the BCR-ABL1 transcript
per microgram RNA by the transcription-mediated amplification and
hybridization protection assay was also considered to be an MMR,
as described previously (12-14). Response criteria to TKI treatment,
including optimal, warning, and failure responses, were defined
according to the ELN 2013 recommendations (10). Briefly, an
optimal response was defined as achievement of PCyR or BCR-
ABL1IS ≤10% by 3 months, CCyR or BCR-ABL1IS ≤1% by 6
months, and MMR by 12 months. A failure response was defined
as an unattained complete hematological response or Ph >95% by
3 months, BCR-ABL1IS >10% or unattained PCyR by 6 months, and
BCR-ABL1IS >1% or unattained CCyR by 12 months. Other
responses were categorized as a warning response.

Statistical analysis. For all patients, overall survival (OS) was defined
as the period from the date of initial treatment with TKI to the date of
any cause of death or last follow-up. Event-free survival (EFS) was
defined as the period from the date of initial treatment with TKI to
the date of the first event or the last follow-up. Events were defined as
two consecutive confirmations of loss of CCyR, progression to
accelerated phase (AP), progression to blastic phase (BP), or any
cause of death. Transformation-free survival (TFS) was defined as the
period from the date of initial treatment to progression to AP or BP or
the last follow-up. The Kaplan–Meier method was used to estimate
EFS, TFS, OS, and cumulative CML-associated death. The log-rank
test was used to compare EFS, TFS, OS, or CML-associated death
between groups. Fisher’s exact test, Mann-Whitney U-test, and two-
tailed paired t-test were used to compare differences between the two
groups appropriately. Statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University), which is a
graphical user interface for the R programming language (The R
Foundation for Statistical Computing) (15). 

Results

Patients’ and treatment characteristics. There were a total of
90 newly-diagnosed CML-CP patients during the study
period. Out of these 90 patients, 84 fulfilled  the inclusion
criteria and were analyzed. Among patients enrolled into the
study, the RDW value ranged from 12.4 to 22.7%, and 62 of

84 (74%) showed higher than normal RDW values (normal
range 11.4 to 14.4%). Patients were divided into two groups
according to their RDW with the threshold value of 15.0%,
which was determined to be the most predictive value for
prognosis. The characteristics of these groups are presented
in Table I. High RDW values were associated with female
sex, higher WBC counts, higher probability of blast cells,
lower hemoglobin levels, and splenomegaly. On the other
hand, age, the probability of basophils or eosinophils, or
platelet count was not associated with RDW values. With
regard to scoring systems, risk stratification by the EUTOS
score was associated with RDW values, while Sokal and
Hasford scores were not. Furthermore, the initial treatment
agent did not differ between the two groups.

Patient prognosis stratified by red blood cell distribution
width. Next, the influence of RDW on patient prognosis was
investigated. With a median follow-up period of 48 months
(range=3-169), the 5-year EFS and TFS rates in the low- and
high-RDW groups were 100% and 68%, respectively, for
EFS and 100% and 81%, respectively, for TFS, which were
significantly different (p=0.0071 for EFS; Figure 1A,
p=0.039 for TFS; Figure 1B). Furthermore, the stratification
by RDW had an impact on 5-year OS (100% in the low and
77% in the high RDW groups, p=0.047; Figure 1C). CML-
associated deaths were only observed in the high-RDW
group (0% in the low and 15% in the high RDW groups, for
5-year CML-associated death, p=0.050; Figure 1D). 

The role of red blood cell distribution width as a predictor of
treatment response. We investigated the extent to which RDW
values could predict treatment responses, as measured
according to the ELN 2013 recommendations. As shown in
Table II, the high-RDW group was associated with significantly
worse treatment responses by 3 and 6 months, while treatment
responses by 12 months were not statistically significant. 

Changes in red blood cell distribution width after tyrosine
kinase inhibitor treatment. The changes in RDW values after
TKI treatment were evaluated and the results are shown in
Figure 2. The RDW values were transiently elevated at 1
month (median 15.8% at diagnosis and 16.4% at 1 month;
p<0.001) and declined thereafter (median 15.6% at 3
months; p=0.971 compared to pretreatment). Furthermore,
the RDW values were significantly lower 6 months after
starting treatment compared to those at initial diagnosis
(median 14.6% at 6 months; p<0.001).

Discussion

The results of the current study demonstrate the impact of the
RDW on prognosis in patients with CML-CP who are treated
with TKIs, including its associations with treatment response
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after 3 or 6 months. Recent reports have shown that treatment
response at 3 months is predictive of outcomes in patients
treated with TKIs, including imatinib, nilotinib, and dasatinib
(16, 17). In agreement with the significance of early treatment
response, the RDW value at-diagnosis was also predictive of
outcomes, particularly by reflecting early treatment response
at 3 months. In contrast to the majority of CML patients
showing high levels of RDW, high platelet distribution width
(PDW) was not as frequent, with only 18% of patients having
higher PDW values. Furthermore, stratification by PDW value
was not associated with patient prognosis.

Since our study results demonstrated the usefulness of the
RDW as a prognostic factor, we speculated on reasons why
RDW was predictive of treatment response and prognosis in
patients with CML-CP. CML is a specific disease in which
the CML stem cell has the potential to differentiate toward
erythroid lineage cells, resulting in the involvement of
malignant clone-derived erythropoiesis (18). Recently, it has
been reported that somatic mutations in IDH1/2, TET2, or
ASXL1 are found in normal individuals along with those in
advanced age and are associated with elevated risk of
hematological disorders (19). Importantly, the study revealed
that individuals harboring those mutations show significantly
higher RDW values than those without it (19). Furthermore,
it should be mentioned that these mutations are often present
in CML cells and are associated with the disease status in

CML patients (20, 21). Collectively, we hypothesized that
the degree of dyserythropoiesis, indicated by a high RDW
value, is possibly associated with the mutation status other
than BCR-ABL1 in CML clones, resulting in poor response
to or resistance to TKI treatment. The correlations among
RDW value, mutation status, and patient outcomes (including
treatment response and prognosis) should be clarified. This
notion remains to be investigated.

In our study, the EUTOS score was the only factor that
was associated with risk stratification by RDW value.
Because correlations between RDW value and Sokal or
Hasford score were statistically insignificant, we investigated
whether stratification by RDW value functioned as an
independent factor. Our previous report showed that all the
scoring systems had prognostic value for EFS and OS (22).
When the influence of the Sokal or Hasford score and RDW
values on EFS was evaluated by multivariate Cox
proportional hazard regression model, the impact of those
scoring systems disappeared and only RDW values remained
as a prognostic factor. However, these results need to be
verified in a larger sample size. 

To date, baseline prognostic factors for the success of 2nd
TKI treatment have not yet been determined while multiple
predictors for the success of imatinib treatment have already
been reported. Due to the high efficacy of 2nd TKI treatment,
most prognostic factors associated with imatinib treatment
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Table I. Patients’ characteristics.

Low RDW (n=31) High RDW (n=53) p-Value

Age (years), median (range) 51 (23-83) 51 (22-85) 0.86
Gender female 5 25 0.0047
WBC counts (×109/L), median (range) 21.8 (9.2-702) 49.4 (7.9-468.2) <0.001
Basophil (%), median (range) 6.5 (1.0-11.5) 6.0 (0-18.0) 0.919
Eosinophil (%), median (range) 2.5 (0-6.0) 2.5 (0.5-8.2) 0.0576
Blast (%), median (range) 0 (0-0.8) 0 (0-8.0) <0.001
Hemoglobin (g/dL), median (range) 14.9 (10.1-18.8) 11.8 (5.8-15.6) <0.001
Platelet counts (×109/L), median (range) 420 (205-2,110) 477 (118-1,792) 0.252
Spleen palpable 3 21 0.0052
Sokal score

Low-risk 21 18 0.067
Intermediate-risk 7 21
High-risk 3 14

Hasford score
Low-risk 12 17 0.421
Intermediate-risk 17 27
High-risk 2 9

EUTOS score
Low-risk 30 35 <0.001
High-risk 1 18

Treatment
Imatinib 20 36 0.444
Dasatinib 7 13
Nilotinib 4 4



seem to be overcome when other TKIs are used. Indeed, results
of the D-First study published by the Kanto CML study group
showed equivalent treatment responses to dasatinib between
Sokal low and intermediate/high groups (23). Actually, there
are no published data indicating the significance of scoring
systems on prognosis in patients treated with 2nd TKIs.
Therefore, the early treatment response is considered to be the

only factor that predicts patient outcomes in those treated with
2nd TKIs. However, we assumed that the RDW value might
become a new predictor of prognosis, even in patients treated
with 2nd TKIs. This study included 28 patients treated with
2nd TKIs (20 dasatinib and 8 nilotinib). Among 2nd TKI-
treated patients with available data, all 10 in the low-RDW
group achieved optimal response at 3 months, while 3 out of

ANTICANCER RESEARCH 35: 5473-5478 (2015)

5476

Figure 1. Kaplan-Meier curves for event-free survival (A), transformation-free survival (B), overall survival (C), and chronic myeloid leukemia
(CML)-associated deaths (D), according to red blood cell distribution width (RDW). Log-rank tests revealed significant differences between low
and high RDW groups, with favorable outcomes in patients categorized into the low-RDW group. 

Table II. Associations of red blood cell distribution width (RDW) and treatment responses according to European LeukemiaNet 2013
recommendations.

3 months optimal/warning/failure 6 months optimal/warning/failure 12 months optimal/warning/failure

Low-RDW (n=31) 22/1/0 23/3/0 16/3/3
High-RDW (n=53) 26/7/6 31/8/8 22/11/11
p-Value 0.0266 0.0396 0.254



13 did not in the high-RDW group. Although the number of
cases is limited, the different probability of optimal response
implies a possible role for risk stratification based on RDW in
2nd TKI-treated patients. 

In conclusion, stratification of CML-CP patients according
to their RDW value may predict treatment responses and
such stratification could facilitate treatment planning. In the
future, we hope to validate these findings in larger cohorts
of patients with CML and separate patients based on the
treatment agent. Investigations of the correlations between
the RDW value, mutation status, and patient prognosis may
provide new insights into CML therapy.
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the dotted line is the upper limit of the normal range for RDW values.
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