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ORIGINAL ARTICLE

Moderate anemia at diagnosis is an independent prognostic marker of the
EUTOS, Sokal, and Hasford scores for survival and treatment response in
chronic-phase, chronic myeloid leukemia patients with frontline imatinib

Po-Shen Koa,b, Yuan-Bin Yub,c, Yao-Chung Liua,b, Yi-Tsui Wud, Man-Hsin Hungb,e, Jyh-Pyng Gaua,b,
Chia-Jen Liua,b,f, Liang-Tsai Hsiaoa,b, Po-Min Chena,b, Tzeon-Jye Chioub,g, Chun-Yu Liub,e and
Jin-Hwang Liua,h,i

aDivision of Hematology and Oncology, Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan; bSchool of Medicine,
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Department of Oncology, Taipei Veterans General Hospital, Taipei, Taiwan; fInstitute of Public Health, National Yang-Ming University, Taipei,
Taiwan; gDivision of Transfusion Medicine, Department of Medicine, Taipei Veterans General Hospital, Taipei, Taiwan; hInstitute of
Biopharmaceutical Sciences, National Yang-Ming University, Taipei, Taiwan; iChong Hin Loon Memorial Cancer and Biotherapy Research
Center, National Yang-Ming University, Taipei, Taiwan

ABSTRACT
Objectives: This study aimed to examine the prognostic value of anemia for the diagnosis of chronic
myeloid leukemia in the chronic phase (CML-CP) receiving imatinib.
Methods: One hundred and fifty-four CML-CP patients were enrolled. The influences of moderate
anemia with hemoglobin (Hb)< 10g/dl, four scoring systems, and the early molecular response at
3 months (BCR-ABL �10%; 3M-EMR) on the achievement of a deep molecular response (DMR, MR4.5),
progression-free survival (PFS), event-free survival (EFS), and overall survival (OS) were compared.
Results: Moderate anemia was identified in 44 (28.6%) patients. These patients had more aggressive
baseline features and higher risks, as assessed by scoring systems, and less favorable treatment
responses vs those without anemia, including 3M-EMR (50.0% vs 69.1%), a complete cytogenetic
response at 6 months (20.5% vs 50.9%), and a major molecular response at 12 months (22.5% vs
45.2%), with a median follow-up of 54.0 months. Furthermore, an Hb of 10g/dl better distinguished
DMR, EFS, PFS, and OS than the EUTOS, Sokal, and Hasford scores, and better predicted the responses
and survivals in combination with 3M-EMR than 3M-EMR alone.
Conclusions: This finding highlights the significance of anemia in CML-CP, and suggests that patients
with anemia at diagnosis should be carefully monitored and might benefit from more potent TKIs if
not achieving 3M-EMR.
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Introduction

The prognosis of chronic myeloid leukemia (CML) has
improved dramatically since the introduction of imatinib and
other tyrosine kinase inhibitors (TKIs)1–3. The 5-year overall
survival (OS) of patients with chronic myeloid leukemia in
the chronic phase (CML-CP) receiving first-line therapy with
imatinib is currently �83–89%2,4. The second-generation TKIs,
nilotinib and dasatinib, are known for their stronger poten-
cies in inhibiting BCR-ABL oncoprotein, and have been
approved as the choice of first-line therapy for CML-CP. The
two major randomized studies on the second-generation
TKIs, ENESTnd and DASISION, showed that frontline nilotinib
and dasatinib were more efficacious in achieving optimal
responses than imatinib5,6. Patients who achieved an early
molecular response (EMR; BCR-ABL �10% on the

international scale [BCR-ABLIS]) at 3 months (3M-EMR) were
proven to have better survival outcomes2,4. Thus, currently, a
deeper and more rapid molecular response is the treatment
goal, and 3M-EMR is recommended as a landmark of an opti-
mal treatment response7. However, CML-CP patients continue
to face treatment failure, disease progression, or drug
intolerance.

To predict the outcomes of CML-CP patients in the TKI
era, several predictive prognostic scores and markers at diag-
nosis were used to identify those with less-favorable treat-
ment responses and outcomes. The Sokal score is one such
marker proposed for chemotherapy8, and was revised once
for patients less than 45 years of age despite fewer applica-
tions9. The Hasford score is another marker developed for
interferon-alpha10. Hasford et al.11 established the European
Treatment and Outcome Study (EUTOS) score, based on
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spleen size and the blood basophil percentage, which pre-
dicts a complete cytogenetic response (CCyR) and progres-
sion-free survival (PFS) better than the Sokal and Hasford
scores in CML-CP patients receiving front-line imatinib.
Recently, Pfirrmann et al.12 published a more specific score,
namely the EUTOS long-term survival (ELTS) score, consider-
ing disease-specific deaths. Additionally, Lautti et al.13 found
that additional chromosomal abnormalities (ACAs) in the
Philadelphia-positive clone were an adverse prognostic
marker for front-line imatinib therapy. In addition, comorbid-
ities might also be associated with patient adherence to TKI
treatment and, hence, might affect survival outcomes14.
Although the ENESTnd and DASISION trials have already
shown that high-risk and intermediate-risk patients (as deter-
mined by the Sokal or Hasford scores) may preferentially
benefit from nilotinib or dasatinib relative to imatinib in
terms of the treatment response and disease progression, no
survival improvement was reported, and imatinib is still
highly effective in CML-CP patients. Choosing a suitable
frontline TKI is important in consideration of adverse events,
comorbidities, and cost, especially since a generic formula-
tion of imatinib will become available this year.

Patients with co-existing anemia at the diagnosis of CML-
CP are not rare. Anemia might be related to CML itself, due
to ineffective hematopoiesis secondary to leukemia cell infil-
tration of the bone marrow or dilutional anemia due to mas-
sive splenomegaly15, or anemia may be related to other
comorbidities. During the establishment of the Sokal scores,
the hemoglobin levels were prognostic in univariate analysis,
but not significant in a multivariate regression for survival.
Hence, hemoglobin levels were not included in the subse-
quent widely used prognostic scoring systems, and are rarely
discussed as a baseline prognostic surrogate. However,
anemia at diagnosis was recently reported to be associated
with higher white blood cell counts, more frequent spleno-
megaly, and more CML-related deaths16, and is a significant
independent parameter of the achievement of a deep
molecular response (DMR; MR4.5)17. Moreover, two other
studies in the literature reported that the hemoglobin level
was a marker associated with the outcomes of CML patients
after imatinib failure18,19. In addition, reports have shown
that a combination of baseline parameters at the diagnosis
of CML with 3M-EMR better predicts patient outcomes and
responses20,21.

This study aimed to examine the role of baseline hemo-
globin levels in predicting survival outcomes and DMR, and
aimed to verify that the combination of prognostic surro-
gates with 3M-EMR is a better prediction model in patients
with CML-CP who received a standard dose of imatinib.

Materials and methods

Patients and treatment

From January 2001 to April 2014, we conducted a retrospect-
ive review of patients from our hospital who were consecu-
tively newly diagnosed as Philadelphia chromosome-positive
(Phþ) CML-CP, and were treated with imatinib as the front-
line therapy in accordance with the ELN 2013

recommendation. Patients who previously received inter-
feron-a (INF-a) or any chemotherapeutic agent, or any agent
in combination with TKI treatment, and patients who
were lost to follow-up within 6 months of diagnosis were
excluded from the study. The enrolment process is illustrated
in Figure 1. A total of 154 CML-CP patients were included in
the analysis. We performed data collection, captured the
baseline general characteristics, and calculated the EUTOS,
Sokal, and Hasford scores on the ELN work site (http://www.
leukemia-net.org) according to the published formulae. The
study was approved by the institutional review board of
Taipei Veterans General Hospital, and was conducted in
accordance with the Declaration of Helsinki.

Cytogenetic and molecular analyses

The cytogenetic response was measured in bone marrow
cells and was determined by metaphase analyses with the
G-banding technique after short-term culture. At least 20
metaphases were required. We used the real-time PCR tech-
nique to quantify the BCR-ABL levels from the patients’ per-
ipheral blood samples at our hospital. The BCR-ABL/ABL1
transcript copy number was expressed as the copy number
ratio of BCR-ABL to ABL1 in international scale (IS) units after
multiplication by conversion factors. The conversion factors
are validated by laboratories of the Institute of Medical and
Veterinary Science, and the Leukemia Research Unit, Hanson
Centre for Cancer Research in Adelaide, South Australia. The
molecular response was defined as a reduction in the tran-
script level.

Definitions

Chronic phase (CP), complete hematologic response (CHR),
complete cytogenetic response (CCyR), early molecular
response (EMR), major molecular response (MMR), and com-
plete molecular response (DMR) were defined in accordance
with the ELN 2013 recommendations7. OS was measured
from the date of TKI initiation to the date of death from any
cause, last follow-up date, or last date of data collection
(August 14, 2014). PFS was measured from the date of TKI
initiation to the date of disease progression to an accelerated
phase (AP)/blast crisis (BC) or death from any cause. Event-
free survival (EFS) was measured from the date of TKI

Figure 1. Patient selection (n¼ 154).
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initiation to the date of the first encountered event. The def-
inition of events included disease progression, death, treat-
ment failure according to the definition of the ELN 2013
recommendations, and first-line TKI discontinuation due to
intolerance.

Defining the cut-off value of baseline hemoglobin levels

The cut-off value of the baseline hemoglobin level of CML-CP
patients was decided by ROC analysis for EFS, PFS, OS, and
MR4.5 achievement. The cut-off value with the largest
Youden’s index was 10.20 g/dl for MR4.5 achievement and
OS, and 10.45 g/dl for EFS and PFS. To use a more simplified
clinical surrogate than 10.20 g/dl or 10.45 g/dl, we used
10 g/dl as our arbitrary cut-off value.

Statistical analysis

Differences among variables were tested using either a Chi-
squared test for categorical data or Mann-Whitney U-test for
continuous data. EFS, PFS, and OS were estimated using
Kaplan-Meier methods and were compared using the log-
rank test. The cumulative incidence rates for cytogenetic and
major molecular responses were estimated by considering
death as the competing event. The discriminatory abilities of
the four prognostic models and baseline characteristics were
examined by the Cox proportional hazards model, and the
results of the Cox model were expressed with the Akaike
information criterion (AIC), which revealed how EFS, PFS, and
OS were affected. The AIC was first developed by Akaike22 as
a way to compare different models on a given outcome.
Akaike22 showed that the selection of the “best” model is
determined by an AIC score: AIC¼ 2K-2log(£(hj y)), where K is
the number of estimable parameters (degrees of freedom),
and log£(hj y) is the log-likelihood at its maximum point of
the model estimated. The model with the lowest AIC is more
explanatory and informative23,24. A Cox proportional hazards
model was used to analyze the predictive value of factors for
survival outcomes. Statistical analyses were performed using
the Statistical Package for the Social Sciences, version 21.0
(SPSS. Inc., Chicago, IL). A p-value less than 0.05 was consid-
ered statistically significant.

Results

Patients

Between January 2001 and April 2014, 174 consecutive
patients with CML-CP receiving frontline imatinib were
screened. After excluding 12 patients who received INF-a or
chemotherapy before TKI treatment and eight patients who
were lost to follow-up within 6 months of diagnosis, 154
patients were enrolled in the study (Figure 1).

Baseline characteristics and treatments

The baseline characteristics of the 154 patients with CML-CP
are shown in Table 1.

General outcomes

After a median follow-up period of 54 months (range ¼
3–144 months), the estimated OS, PFS, and EFS of the 154
patients at 5 years was 87.8%, 85.9%, and 66.9%, respectively
(Supplemental Figure 1(A)). A total 15 patients died, includ-
ing 11 deaths related to disease progression (either to AP or
BC), three deaths related to infection with stable CML (two
with pneumonia, and one with fungemia of Candida tropica-
lis), and one death related to hepatitis B virus reactivation.
The cumulative incidence rates of CCyR and MMR at 5 years
were 76.2% and 65.7% in all patients, respectively. The DMR
(MR4.5) at 5 years was 40.1% (Supplemental Figure 1(B)). The
49 events counted as first-occurring events and included 10
events of imatinib discontinuation due to intolerance, 22
events of treatment failure, 13 events of disease progression,
and four events of death unrelated to CML.

Association between the hemoglobin level and four
scoring systems, baseline characteristics, and treatment
responses

An analysis of our patients with low and high hemoglobin
(Hb) levels was conducted, and the results are shown in
Table 2. Patients with moderate anemia (Hb< 10 g/dl) had
more splenomegaly, higher white blood cell counts, higher
percentages of blasts and eosinophils in the peripheral blood,

Table 1. Clinical characteristics of patients at presentation (n¼ 154).

Clinical characteristics Median (range) No. patients (%)

Age (years) 51 (18–86)
Spleen sizea (cm) 2.0 (0–14.0)
WBC (109/L) 111.06 (3.0–610.3)

Blast (%) 1.0 (0–10.0)
Eosinophil (%) 2.0 (0–15.0)
Basophils (%) 5.0 (0–19.0)

Hemoglobin (g/dL) 10.9 (5.6–18.0)
MCV 90.9 (80.2–102.0)
Platelet counts (109/L) 415.0 (88.0–2412.0)

Sex
Male 89 (57.8)
Female 65 (42.2)

ACAs
Yes 25 (16.2)
No 129 (83.8)

EUTOS score
Low-risk 120 (77.9)
High-risk 34 (22.1)

Sokal score
Low-risk 52 (33.8)
Intermediate-risk 56 (36.3)
High-risk 46 (29.9)

Hasford score
Low-risk 62 (40.3)
Intermediate-risk 72 (46.7)
High-risk 20 (13.0)

ELTS score
Low-risk 81 (52.6)
Intermediate-risk 50 (32.5)
High-risk 23 (14.9)

Abbreviations. ACAs, additional chromosomal abnormalities in Phþ cells;
EUTOS, European treatment and outcome study; WBC, white blood cell; MCV,
mean corpuscular volume; ELTS, The EUTOS long-term survival.
aMaximum distance from the costal margin by manual evaluation.

ANEMIA BETTER PREDICTS MR4.5 AND SURVIVAL IN CML 1739
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a high EUTOS risk, a high Sokal risk, a high Hasford risk, a
high ELTS score, and more additional chromosomal abnormal-
ities than patients with Hb �10 g/dl. Patients with moderate
anemia had less favorable treatment responses, including
3M-EMR (50.0% vs 69.1% in Hb �10 g/dl, p¼ .031), a complete
cytogenetic response at 6 months (20.5% vs 50.9% in
Hb� 10 g/dl, p< .001), and a major molecular response at
12 months (22.5% vs 44.3% in Hb �10 g/dl, p¼ .006).

Predictive roles of the baseline hemoglobin level, four
scoring systems, and ACA status for DMR, EFS, PFS,
and OS

The predictive roles of the baseline hemoglobin level, four
scoring systems, and ACA status by the EUTOS for DMR

achievement and survival outcomes are presented in Tables
3 and 4, respectively. Moderate anemia is a significant pre-
dictor of DMR achievement (p¼ .026), the Sokal score is a
significant predictor (p¼ .049), and 3M-EMR is a significant
predictor (p¼ .006). However, being ACA-positive, the EUTOS
score, and the Hasford score are not significant predictors.
Moderate anemia (p¼ .003), being ACA-positive (p¼ .020),
the Sokal score (p¼ .001), the Hasford score (p¼ .001), and
3M-EMR (p< .001) are significant predictors of EFS. Moderate
anemia (p¼ .006), being ACA-positive (p¼ .022), the Sokal
score (p¼ .016), the Hasford score (p¼ .003), and 3M-EMR
(p¼ .004) are significantly predictive of PFS, while the EUTOS
score is not. Moderate anemia (p¼ .015) and 3M-EMR
(p¼ .031) are predictive of OS, while being ACA-positive, the
EUTOS score, the Sokal score, and the Hasford score are not.
Regarding the quality of each model, 3M-EMR is predictive
for differences with the lowest AIC in MR4.5, EFS prediction,
and PFS prediction, in contrast to moderate anemia, which
had the lowest AIC for the prediction of OS (Tables 3 and 4).
Significant factors (Tables 3 and 4, p< .1) including ACA posi-
tivity and a scoring system with the lowest AIC at the time
of diagnosis and with the lowest AIC for MR4.5 and survival
outcomes in the univariate Cox regression were entered into
further multivariate Cox regression analyses. As shown in
Table 5, moderate anemia independently predicted EFS and
PFS, but not OS, after multivariate adjustment. To predict
DMR achievement, moderate anemia tended to predict a fail-
ure of achievement.

Combination of the hemoglobin level and score systems
for detecting differences in DMR, EFS, PFS, and OS

As a significant risk factor at diagnosis, moderate anemia was
further combined with achieving 3M-EMR to stratify patients
into four groups to predict patient outcomes. For the
achievement of DMR, patients without moderate anemia and
with 3M-EMR had the best results. DMR achievement did not
differ between patients without moderate anemia and with-
out 3M-EMR, and patients with moderate anemia and with
3M-EMR. DMR achievement between patients with moderate
anemia and without 3M-EMR was the most unlikely
(Supplemental Figure 2(A)). Using this stratification system,
similar survival prediction results were demonstrated
(Supplemental Figures 2(B–D)). To simplify the stratification
process, the patients were divided into two groups: (1) those
without moderate anemia at diagnosis and with 3M-EMR and
(2) those with moderate anemia or without 3M-EMR. This
simplified stratification is a significant predictor of DMR, EFS,
PFS, and OS (Figures 2–5) with the lowest AIC compared
with other baseline prognostic surrogates and 3M-EMR
(Tables 3 and 4).

Discussion

In this study, the patients with moderate anemia at the time
of diagnosis also tended to have splenomegaly, higher
white blood cell counts, higher percentages of blasts and
eosinophils, and a high risk, as evaluated by the four

Table 2. Characteristics and treatment responses of CML-CP patients with
high and low hemoglobin levels at presentation (n¼ 154).

Hb �10.0 g/dL
(n¼ 110)

Hb <10 g/dL
(n¼ 44)

p value

Sex, n (%)
Male 64 (58.2) 25 (56.8) .877
Female 46 (41.8) 19 (43.2)

Age, n (%)
�60 81 (73.6) 26 (59.1) .077
<60 29 (26.4) 18 (40.9)

Splenomegaly, n (%)
Yes 57 (51.8) 34 (77.3) .004
No 53 (48.2) 10 (22.7)

MCV
Median, fL (range) 90.9 (80.2–100.6) 91.3 (80.3–102.0) .717

WBC
Median (109/L) (range) 88.6 (3.0–471.0) 177.4 (4.9–610.3) <.001

Blast in PB
Median (%) (range) 1.0 (0–10.0) 2.0 (0–10.0)

Basophil in PB
Median (%) (range) 5.0 (0–17.0) 6.0 (0–19.0) .002

Eosinophil in PB
Median (%) (range) 2.0 (0–9.0) 2.0 (0–15.0) .068

Platelets
Median (109/L) (range) 408.0 (98–1186.0) 422.0 (88–2412.0) .038

EUTOS, n (%)
High risk 18 (16.4) 16 (36.4) .939
Low risk 92 (83.6) 28 (63.6) .007

Sokal, n (%)
High risk 25 (22.7) 22 (50.0) .001
Intermediate/low risk 85 (77.3) 22 (50.0)

Hasford, n (%)
High risk 8 (7.3) 13 (29.5) .001
Intermediate/low risk 102 (92.7) 31 (70.5)

ELTS, n (%)
High risk 12 (10.9) 11 (25.0) .021
Intermediate/low risk 98 (89.1) 33 (75.0)

ACAs status, n (%)
Positive 14 (12.7) 11 (25.0) .049
Negative 96 (87.3) 33 (75.0)

Optimal responses
3M-EMR, n (%) 76 (69.1) 22 (50.0) .031
6M-CCyR, n (%) 56 (50.9) 9 (20.5) <.001
12M-MMR§, n (%) 47 (44.3) 9 (22.5) .006

Abbreviations. Hb, hemoglobin; MCV, mean corpuscular volume; WBC, white
blood cell; PB, peripheral blood; LR, low-risk; IR, intermediate risk; HR, high risk;
ELTS, The EUTOS long-term survival; ACAs, additional chromosomal abnormal-
ities in Phþ cells; 3M-EMR, early molecular response with BCR-ABL �10% at 3
months; 6M-CCyR, complete cytogenetic response at 6 months; 12M-MMR,
major molecular response at 12 months; 10 patients followed <12 months had
no data for molecular response (six in Hb �10.0 g/dl; four in Hb <10 g/dl).
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scoring systems. Our analysis identified the association
between moderate anemia and the aggressiveness of CML-
CP. Hence, patients with moderate anemia had less favorable
treatment responses at 3, 6, and 12 months. The prognostic

value of the baseline hemoglobin level for DMR achievement
and survival outcomes was confirmed and is even better if
combined with 3M-EMR. Our findings highlight the value of
using a cut-off baseline hemoglobin level of 10 g/dl, and sug-
gest we consider combining prognostic surrogates with 3M-
EMR results after imatinib treatment to better predict the
outcomes of CML-CP.

In a setting outside of a clinical trial, our cohort demon-
strated a comparable 5-year OS of 87.8% and PFS of 85.9%
compared with patients in the IRIS trial4. The events
observed for EFS in our cohort included imatinib discontinu-
ation due to intolerance and treatment failure under the lat-
est 2013 ELN guidelines, which could explain the lower
5-year EFS of 66.9%.

Anemia is common among CML-CP patients, and might be
related to the nature of the disease or other comorbidities. In a
review of previous studies, we found that anemia at the diag-
nosis of CML-CP (baseline haemoglobin <12.0 g/dl) was associ-
ated with high-risk features and CML-related deaths, but was
not related to the treatment response16. Anemia was also con-
sidered a poor prognostic factor associated with PFS in CML
patients receiving nilotinib after imatinib failure, and was

Table 3. Hazard ratio of different prediction models of DMR achievement.

DMR achievement AICb

HR (95% CI) p value

At presentation
Hb (<10 vs. �10 g/dl) 0.47 (0.25–0.91) .026 482.68
ACAs positive (yes vs. no) 0.57 (0.26–1.25) .158 486.11
EUTOS score (high vs. low) 0.69 (0.37–1.31) .257 487.04
Sokal score (high vs. lowa) 0.53 (0.28–0.98) .049 484.08
Hasford score (high vs. lowa) 0.71 (0.32–1.56) .388 487.59
ELTS score (high vs. lowa) 0.57 (0.24–1.34) .196 486.48

Treatment response
3M-EMR (>10% vs. �10%) 0.45 (0.24–0.78) .006 479.88

Combination of Hb and 3M-EMR
[(Hb <10 g/dl or 3M-EMR >10%) vs. (Hb �10 g/dl and 3M-EMR �10%)] 0.44 (0.26–0.75) .002 478.99

Abbreviations. DMR, complete molecular response; MR4.5, Hb, hemoglobin; ACAs, additional chromosomal abnormal-
ities in Phþ cells; EUTOS, European treatment and outcome study; ELTS, The EUTOS long-term survival; 3M-EMR,
early molecular response with BCR-ABL �10% at 3 months; HR, hazard ratio; AIC, Akaike information criterion.
aIncluding intermediate-risk and low-risk.
bAkaike information criterion, a lower AIC is more explanatory and informative.

Table 4. Hazard ratio of different prediction models of survival outcomes.

Event-free survival AICb Progression-free survival AICb Overall survival AICb

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

At presentation
Hb (<10 vs �10 g/dl) 2.32 (1.33–4.08) .003 440.70 3.62 (1.46–9.01) .006 169.15 3.62 (1.29–10.18) .015 125.04
ACAs positive (yes vs no) 2.10 (1.13–3.90) .020 444.13 2.97 (1.17–7.56) .022 172.22 2.30 (0.78–6.75) .130 133.06
EUTOS score (high vs low) 0.99 (0.51–1.89) .965 448.98 1.09 (0.39–3.04) .864 176.78 0.71 (0.20–2.52) .592 134.81
Sokal score (high vs lowa) 2.64 (1.51–4.63) .001 437.99 3.02 (1.23–7.45) .016 171.21 2.63 (0.95–7.29) .064 131.73
Hasford score (high vs lowa) 2.85 (1.53–5.31) .001 439.76 4.10 (1.61–10.41) .003 169.50 2.72 (0.92–8.02) .070 132.25
ELTS score (high vs lowa) 1.65 (0.82–3.30) .160 447.19 3.68 (1.45–9.35) .006 170.46 2.72 (0.92–8.02) .070 132.24

Treatment response
3M-EMR (>10% vs �10%) 3.38 (1.89–6.05) <.001 431.28 4.15 (1.58–10.93) .004 167.67 3.28 (1.12–9.60) .031 130.07

Combination of Hb and 3M-EMR
[(Hb <10 g/dl or 3M-EMR >10%) vs
(Hb �10 g/dl and 3M-EMR �10%)]

4.04 (2.01–8.09) <.001 429.66 8.66 (2.00–37.50) .001 163.01 12.21 (1.61–93.92) .002 123.40

Abbreviations. Hb, haemoglobin; ACAs, additional chromosomal abnormalities in Phþ cells; EUTOS, European treatment and outcome study; 3M-EMR, early
molecular response with BCR-ABL� 10% at 3 months; HR, hazard ration; AIC, Akaike information criterion.
aIncluding intermediate-risk and low-risk.
bAkaike information criterion, a lower AIC is more explanatory and informative.

Table 5. Multivariate Cox regression for survival outcomes.

HR (95% CI) p

Event-free survival�
Hb (<10 vs �10 g/dl) 2.06 (1.09–3.87) .026
Sokal score (high vs lowa) 1.47 (0.78–2.76) .233
ACAs positive (yes vs no) 1.49 (0.77–2.89) .233

Progression-free survival�
Hb (<10 vs �10 g/dl) 2.79 (1.05–7.41) .040
Hasford score (high vs lowa) 2.45 (0.90–6.68) .079
ACAs positive (yes vs no) 2.13 (0.83–6.28) .121

Overall survival�
Hb (<10 vs �10 g/dl) 2.93 (0.96–8.99) .060
Sokal score (high vs lowa) 1.74 (0.57–5.28) .329

DMR achievement�
Hb (<10 vs �10 g/dl) 0.48 (0.25–1.00) .051
Sokal score (high vs lowa) 0.84 (0.33–2.17) .725

Abbreviations. HR, hazard ratio; DMR, MR4.5.
aFor DMR and survival outcomes, hemoglobin, ACAs positivity (if p< .1) and
the scoring system with the lowest AIC in Table 3 entered further multivari-
ate Cox regression analysis.
bIncluding intermediate-risk and low-risk.
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described as a negative factor associated with 3-month CCyR
to 2nd line TKI in CML patients after imatinib failure18,19.
Nonetheless, after the introduction of three widely used scor-
ing systems, anemia has rarely been discussed as a baseline
prognostic surrogate for CML patients before TKI treatment. It
is worth mentioning that the revised Sokal score in 1985 added
the prognostic value of the hematocrit, but the revised score
was recommended for patients younger than 45 years of age.
Because the original Sokal and Hasford scores were developed
in the pre-TKI era, and hemoglobin levels were not included in
either of these assessments, our focus on re-visiting the prog-
nostic value of co-existent anemia at baseline at the time of
the CML diagnosis is not a conflicting theory. Anemia levels
<12.0 g/dl have been studied before, and were found not to
be significant predictors of treatment response16. Additionally,
the cut-off value of the hemoglobin level in the present study
to define anemia as 10 g/dl by ROC analysis was scarcely

reported previously, except by Oyekunle et al.25, who validated
it to predict overall survival. Anemia levels of 10 g/dl are a com-
ponent of the Dynamic International Prognostic Scoring
System plus (DIPSS plus), which effectively provides prognostic
information for primary myelofibrosis (PMF). As an entity in
myeloproliferative neoplasms, CML shares some clinical fea-
tures with PMF such as anemia and bone marrow fibrosis. Bone
marrow fibrosis in patients with myelofibrosis has been
reported to be of prognostic significance26, and was also
reported to be related to poor outcomes in CML patients
receiving imatinib27,28. Hence, the choice of a cut-off of 10 g/dl
seemed reasonable. Outside of the nature of CML, anemia
might be related to other comorbidities or invariable character-
istics such as age or gender. All of the above factors might be
confounding factors in the analysis of outcomes. As shown in
Table 2, the patients’ RBCs in our cohort were mainly normo-
cytic, and the patients’ MCVs did not differ between those
without and with moderate anemia. This result might suggest

Figure 2. Cumulative incidence of DMR (MR4.5) in CML-CP patients receiving
imatinib stratified by hemoglobin level with a cut-off value of 10 g/dl and 3M-
EMR (two groups).

Figure 3. Event-free survival in CML-CP patients receiving imatinib stratified by
hemoglobin level with a cut-off value of 10 g/dl and 3M-EMR (two groups).

Figure 4. Progression-free survival in CML-CP patients receiving imatinib strati-
fied by hemoglobin level with a cut-off value of 10 g/dl and 3M-EMR (two
groups).

Figure 5. Overall survival in CML-CP patients receiving imatinib stratified by
hemoglobin level with a cut-off value of 10 g/dl and 3M-EMR (two groups).
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that the patients in our cohort with moderate anemia were less
likely to have comorbidity-related anemia, such as iron-defi-
ciency anemia or renal anemia. According to the results of
Berger et al.29, male CML patients had the worst outcomes.
Additionally, while the number of male patients in our cohort
with moderate anemia was larger than that of female patients
with moderate anemia, the difference was not significant.
Additionally, more patients with moderate anemia in the pre-
sent study were in high-risk groups and had more moderate
features such as splenomegaly, higher white blood cell counts,
and higher percentages of peripheral blasts and eosinophils.
This finding suggests that anemia itself in this cohort was dir-
ectly related to CML.

In validating the CML risk scoring systems in our patient
cohort, we found that the Hasford and Sokal scores, but not
the EUTOS score, were clinically effective prognostic indica-
tors for EFS and PFS. The EUTOS score was the most recently
developed score system and the only system developed in
the TKI-era, and it is widely used due to its simplicity.
However, its usefulness is still uncertain. From the limited
studies that included Asian patients similar to our cohort,
Yahng et al.30, Iriyama et al.31, and Tao et al.32 used the
EUTOS score in patients from Korea, Japan, and China,
respectively, and reported its clinical value. However,
Yamamoto et al.33 demonstrated the negative value of the
EUTOS score, similar to the findings of the present study. The
inconclusive results of the predictive capacity of the EUTOS
might be due to the discordance between the scoring sys-
tems mentioned in the previous studies30,32–39. In the present
cohort, only eight patients (25.8%) in the EUTOS high-risk
group also belonged to the high-risk group defined by the
other two scoring systems. Moreover, bias due to possible
inter-observer error in the measurement of the spleen size
could also affect the reliability of using the EUTOS score to
predict outcomes in the present cohort. Moreover, a large
study including 2,784 adult patients conducted by
Castagnetti et al.21 found that differences, such as the base-
line spleen size and distribution in the EUTOS score, exist
among young adults, adults, and elderly CML patients, and
the authors concluded that young adolescent (age 18–29
years) patients might have relatively larger spleens and
higher EUTOS scores. Therefore, a reconsideration of develop-
ing a novel prognostic risk model that could overcome this
discrepancy is important. Hence, the significant prognostic
role of hemoglobin levels at the time of diagnosis in our
patients is worthy of further evaluation in larger studies.

Previous studies have researched the influence of combin-
ing baseline parameters at the diagnosis of CML with 3M-
EMR to better predict patient outcomes and responses15. Qin
et al.17 found that combining the WBC count at presentation
with the molecular response at 3 months predicts deep
molecular responses to imatinib in newly diagnosed CP-CML
patients. Castagnetti et al.21 found that combining the EUTOS
score and 3-month BCR-ABL transcript level identifies a
group of low-risk CML patients with favorable responses to
frontline imatinib therapy. In contrast, our study found that
Hb<10 g/dl is associated with high-risk CML, and combining
Hb <10 g/dl with no 3M-EMR predicts a less favorable
response to frontline imatinib, as well as worse survival

outcomes in CP-CML patients with the lowest AIC (Tables 3
and 4). Interestingly, in our study, the low hemoglobin level
(<10 g/dl) is associated with a higher WBC count and higher
proportions of high-risk categories among each CML risk
score (the EUTOS, Sokal, and Hasford scores) (Table 2), which
may partly explain our finding that combining the hemoglo-
bin level with the 3-month molecular response had good dis-
criminative power. Given that heterogeneity may exist
among different patient populations, further larger prospect-
ive studies are necessary to validate the combination of mod-
els with the optimal prediction abilities.

In this study, the retrospective nature and data from one
single center are potential limitations. Additionally, we could
not effectively evaluate the patients’ adherence to treatment,
which might contribute to a bias in the outcome analysis.
Furthermore, although no event that determined imatinib
discontinuation was due to anemia in the course of disease
progression, we could not determine whether anemia at the
time of diagnosis affected the patients’ adherence to treat-
ment. Finally, some patients who were lost to follow-up had
no 12-month MMR data, so there may be some bias in the
evaluation of treatment response.

In conclusion, the present study not only confirmed the
prognostic role of hemoglobin levels at the diagnosis of
CML-CP, but also identified a possible better prediction
model for MR4.5 and survival outcomes using a combination
of baseline hemoglobin levels with 3M-EMR after imatinib
treatment. This study warrants highly desirable prospective
studies for validation.

Transparency

Declaration of funding

This work was supported by grants from the Taipei Veterans General
Hospital (grant number V104C-151) and from the Taiwan Clinical Oncology
Research Foundation and the Chong Hin Loon Memorial Cancer and
Biotherapy Research Center of the National Yang-Ming University.

Declaration of financial/other relationships

The authors declare that they have no conflict of interest. CMRO peer
reviewers on this manuscript have no relevant financial or other relation-
ships to disclose.

Acknowledgements

We wish to thank Ching-Fen Yang, the hematopathlogist in our institu-
tion for interpretation of the bone marrow samples.

ORCID

Chun-Yu Liu http://orcid.org/0000-0003-2336-4731

References

1. Bjorkholm M, Ohm L, Eloranta S, et al. Success story of targeted
therapy in chronic myeloid leukemia: a population-based study of
patients diagnosed in Sweden from 1973 to 2008. J Clin Oncol
Offic J Am Soc Clin Oncol 2011;29:2514-20

ANEMIA BETTER PREDICTS MR4.5 AND SURVIVAL IN CML 1743

D
ow

nl
oa

de
d 

by
 [

T
ai

pe
i V

et
er

an
s 

G
en

er
al

 H
os

pi
ta

l]
 a

t 0
5:

00
 2

1 
Se

pt
em

be
r 

20
17

 

colon
反白



2. de Lavallade H, Apperley JF, Khorashad JS, et al. Imatinib for newly
diagnosed patients with chronic myeloid leukemia: incidence of
sustained responses in an intention-to-treat analysis. J Clin Oncol
Offic J Am Soc Clin Oncol 2008;26:3358-63

3. Kantarjian H, O’Brien S, Jabbour E, et al. Improved survival
in chronic myeloid leukemia since the introduction of imatinib
therapy: a single-institution historical experience. Blood
2012;119:1981-7

4. Druker BJ, Guilhot F, O’Brien SG, et al. Five-year follow-up of
patients receiving imatinib for chronic myeloid leukemia. N Engl J
Med 2006;355:2408-17

5. Hughes TP, Saglio G, Kantarjian HM, et al. Early molecular response
predicts outcomes in patients with chronic myeloid leukemia in
chronic phase treated with frontline nilotinib or imatinib. Blood
2014;123:1353-60

6. Jabbour E, Kantarjian HM, Saglio G, et al. Early response with dasa-
tinib or imatinib in chronic myeloid leukemia: 3-year follow-
up from a randomized phase 3 trial (DASISION). Blood
2014;123:494-500

7. Baccarani M, Deininger MW, Rosti G, et al. European LeukemiaNet
recommendations for the management of chronic myeloid leuke-
mia: 2013. Blood 2013;122:872-84

8. Sokal JE, Cox EB, Baccarani M, et al. Prognostic discrimination in
“good-risk” chronic granulocytic leukemia. Blood 1984;63:789-99

9. Sokal JE, Baccarani M, Tura S, et al. Prognostic discrimination
among younger patients with chronic granulocytic leukemia: rele-
vance to bone marrow transplantation. Blood 1985;66:1352-7

10. Hasford J, Pfirrmann M, Hehlmann R, et al. A new prognostic score
for survival of patients with chronic myeloid leukemia treated with
interferon alfa. Writing Committee for the Collaborative CML
Prognostic Factors Project Group. J Natl Cancer Inst 1998;90:850-8

11. Hasford J, Baccarani M, Hoffmann V, et al. Predicting complete
cytogenetic response and subsequent progression-free survival in
2060 patients with CML on imatinib treatment: the EUTOS score.
Blood 2011;118:686-92

12. Pfirrmann M, Baccarani M, Saussele S, et al. Prognosis of long-term
survival considering disease-specific death in patients with chronic
myeloid leukemia. Leukemia 2016;30:48-56

13. Luatti S, Castagnetti F, Marzocchi G, et al. Additional chromosomal
abnormalities in Philadelphia-positive clone: adverse prognostic
influence on frontline imatinib therapy: a GIMEMA Working Party
on CML analysis. Blood 2012;120:761-7

14. Iurlo A, Ubertis A, Artuso S, et al. Comorbidities and polypharmacy
impact on complete cytogenetic response in chronic myeloid leu-
kaemia elderly patients. Eur J Intern Med 2014;25:63-6

15. Hess CE, Ayers CR, Sandusky WR, et al. Mechanism of dilutional
anemia in massive splenomegaly. Blood 1976;47:629-44

16. Faber E, Mu�z�ık J, Janou�sov�a E, et al. Significance of anemia in
patients with CML at diagnosis and during the treatment with
imatinib outside the clinical trials: CAMELIA registry experience
[abtract]. Eur Hematol Assoc (EHA) 2015;Abstract E1116

17. Qin YZ, Jiang Q, Jiang H, et al. Combination of white blood cell
count at presentation with molecular response at 3 months better
predicts deep molecular responses to Imatinib in newly diagnosed
chronic-phase chronic myeloid leukemia patients. Medicine
2016;95:e2486

18. Jabbour E, Kantarjian H, Ghanem H, et al. The achievement of a 3-
month complete cytogenetic response to second-generation tyro-
sine kinase inhibitors predicts survival in patients with chronic
phase chronic myeloid leukemia after imatinib failure. Clin Lymph
Myeloma Leuk 2013;13:302-6

19. Jabbour E, le Coutre PD, Cortes J, et al. Prediction of outcomes in
patients with Phþ chronic myeloid leukemia in chronic phase
treated with nilotinib after imatinib resistance/intolerance.
Leukemia 2013;27:907-13

20. Latagliata R, Volpicelli P, Breccia M, et al. Incidence of persistent/
late chronic anemia in newly diagnosed patients with chronic
myeloid leukemia responsive to imatinib. Am J Hematol
2015;90:105-8

21. Castagnetti F, Gugliotta G, Baccarani M, et al. Differences
among young adults, adults and elderly chronic myeloid
leukemia patients. Ann Oncol Offic J Eur Soc Med Oncol ESMO
2015;26:185-92

22. Akaike H. Information theory as an extension of the maximum
likelihood principle. In: Petrov BN, Csaki F, editors. Second
International Symposium on Information Theory. Budapest:
Akademiai Kiado; 1973. p 267-81

23. Forster MR. Key concepts in model selection: performance and
generalizability. J Math Psychol 2000;44:205-31

24. Lin HN, Liu CY, Pai JT, et al. How to predict the outcome in
mature T and NK cell lymphoma by currently used prognostic
models? Blood Cancer J 2012;2:e93

25. Oyekunle AA, Durosinmi MA, Bolarinwa RA, et al. Chronic myeloid
leukemia in Nigerian patients: anemia is an independent predictor
of overall survival. Clin Med Insights Blood Dsord 2016;9:9-13

26. Guglielmelli P, Rotunno G, Pacilli A, et al. Prognostic impact of
bone marrow fibrosis in primary myelofibrosis. A study of the
AGIMM group on 490 patients. Am J Hematol 2016;90:918-22

27. Kantarjian HM, Bueso-Ramos CE, Talpaz M, et al. Significance of
myelofibrosis in early chronic-phase, chronic myelogenous leuke-
mia on imatinib mesylate therapy. Cancer 2005;104:777-80

28. Eliacik E, Isik A, Aydin C, et al. Bone marrow fibrosis may be an
effective independent predictor of the ‘TKI drug response level’ in
chronic myeloid leukemia. Hematology 2015;20:392-6

29. Berger U, Maywald O, Pfirrmann M, et al. Gender aspects in
chronic myeloid leukemia: long-term results from randomized
studies. Leukemia 2005;19:984-9

30. Yahng SA, Jang EJ, Choi SY, et al. Prognostic discrimination for
early chronic phase chronic myeloid leukemia in imatinib era:
comparison of Sokal, Euro, and EUTOS scores in Korean population.
Int J Hematol 2014;100:132-40

31. Iriyama N, Hatta Y, Kobayashi S, et al. The European Treatment
and Outcome Study score is associated with clinical outcomes and
treatment response following European LeukemiaNet 2013 recom-
mendations in chronic-phase chronic myeloid leukemia. Int J
Hematol 2014;100:379-85

32. Tao Z, Liu B, Zhao Y, et al. EUTOS score predicts survival and cyto-
genetic response in patients with chronic phase chronic myeloid
leukemia treated with first-line imatinib. Leukemia Res
2014;38:1030-5

33. Yamamoto E, Fujisawa S, Hagihara M, et al. European Treatment
and Outcome Study score does not predict imatinib treatment
response and outcome in chronic myeloid leukemia patients.
Cancer Sci 2014;105:105-9

34. Pavlik T, Janousova E, Mayer J, et al. Current survival measures reli-
ably reflect modern sequential treatment in CML: correlation with
prognostic stratifications. Am J Hematol 2013;88:790-7

35. Tiribelli M, Bonifacio M, Calistri E, et al. EUTOS score predicts long-
term outcome but not optimal response to imatinib in patients
with chronic myeloid leukaemia. Leukemia Res 2013;37:1457-60

36. Hoffmann VS, Baccarani M, Lindoerfer D, et al. The EUTOS prog-
nostic score: review and validation in 1288 patients with CML
treated frontline with imatinib. Leukemia 2013;27:2016-22

37. Jabbour E, Cortes J, Nazha A, et al. EUTOS score is not predictive
for survival and outcome in patients with early chronic phase
chronic myeloid leukemia treated with tyrosine kinase inhibitors: a
single institution experience. Blood 2012;119:4524-6

38. Au WY, Caguioa PB, Chuah C, et al. Chronic myeloid leukemia in
Asia. Int J Hematol 2009;89:14-23

39. Hoffmann V, Baccarani M, Hasford J, et al. The EUTOS CML score
aims to support clinical decision-making. Blood 2012;119:2966-7

1744 P.-S. KO ET AL.

D
ow

nl
oa

de
d 

by
 [

T
ai

pe
i V

et
er

an
s 

G
en

er
al

 H
os

pi
ta

l]
 a

t 0
5:

00
 2

1 
Se

pt
em

be
r 

20
17

 


	Moderate anemia at diagnosis is an independent prognostic marker of the EUTOS, Sokal, and Hasford scores for survival and treatment response in chronic-phase, chronic myeloid leukemia patients with frontline imatinib
	Introduction
	Materials and methods
	Patients and treatment
	Cytogenetic and molecular analyses
	Definitions
	Defining the cut-off value of baseline hemoglobin levels
	Statistical analysis

	Results
	Patients
	Baseline characteristics and treatments
	General outcomes
	Association between the hemoglobin level and four scoring systems, baseline characteristics, and treatment responses
	Predictive roles of the baseline hemoglobin level, four scoring systems, and ACA status for DMR, EFS, PFS, andOS
	Combination of the hemoglobin level and score systems for detecting differences in DMR, EFS, PFS, and OS

	Discussion
	Transparency
	Declaration of funding
	Declaration of financial/other relationships
	Acknowledgements
	References


