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The Sokal and Hasford scores were developed in the chemotherapy and interferon

era and are widely used as prognostic indicators in patients with chronic myeloid

leukemia (CML). Recently, a new European Treatment and Outcome Study (EUTOS)

scoring system was developed. We performed a multicenter retrospective study to

validate the effectiveness of each of the three scoring systems. The study cohort

included 145 patients diagnosed with CML in chronic phase who were treated with

imatinib. In the EUTOS low- and high-risk groups, the cumulative incidence of com-

plete cytogenetic response (CCyR) at 18 months was 86.9% and 87.5% (P = 0.797)

and the 5-year overall survival rate was 92.6% and 93.3% (P = 0.871), respectively.

The cumulative incidence of CCyR at 12 months, 5-year event-free survival and 5-

year progression-free survival were not predicted using the EUTOS scoring system.

However, there were significant differences in both the Sokal score and Hasford

score risk groups. In our retrospective validation study, the EUTOS score did not

predict the prognosis of patients with CML in chronic phase treated with imatinib.

T he prognosis of chronic myeloid leukemia (CML) was
remarkably improved by the introduction of tyrosine kinase

inhibitors (TKI).(1) In the pre TKI era, the 5-year CML survival
rate with interferon and chemotherapy was 57% and 42%,
respectively.(2) In contrast, first-line therapy with imatinib, a first
generation TKI, was associated with a 5-year overall survival
(OS) of 83–89%.(3,4) The Sokal and Hasford scores were devel-
oped in the chemotherapy and interferon era and widely used for
predicting the prognosis of patients with CML.(5,6) Recently,
Hasford et al.(7) developed a new scoring system known as the
European Treatment and Outcome Study (EUTOS) scoring
system, which uses only the basophil count and size of spleno-
megaly at diagnosis of CML. In this study, 2060 newly diag-
nosed patients with CML in chronic phase (CP) (CML-CP) who
were treated with an imatinib-based regimen(7) were examined.
In their study, the EUTOS score predicted that 34% of high-risk
patients will fail to achieve a complete cytogenetic response
(CCyR) in 18 months and the significant difference of progres-
sion-free survival (PFS) between the groups was shown. In the
present study, we retrospectively evaluated the usefulness of the
EUTOS score using data from CML-CP patients.

Materials and Methods

One hundred and forty-five patients with CML-CP who were
treated with imatinib and diagnosed between April 2001 and

January 2011 at one of seven hospitals of the Yokohama City
University Hematological group were assessed. We used the
previously defined diagnostic criteria for CML-CP.(8) Using
the Sokal, Hasford and EUTOS scores, we divided the patients
into each risk groups and validated the prognostic power of
each of the scoring systems. The calculation forms of each
three scoring systems are summarized in Table 1. The Sokal
score was calculated using the original formula as follows:
Exp 0.0116 9 (age in years � 43.4) + 0.0345 9 (spleen size
� 7.51) + 0.188 9 ([platelet count ⁄700]2 � 0.563) + 0.0887
9 (blast cell counts� 2.10), where Exp is the exponential
function. The Sokal risk scores were designated as follows:
low Sokal risk (score <0.8); intermediate risk (score 0.8–1.2);
and high Sokal risk (score >1.2). The Hasford score was calcu-
lated using the following original formula: 0.666 (when age
>50 years) + (0.042 9 spleen size) + 1.0956 (when platelet
count >1500 9 109 ⁄L) + (0.0584 9 blast cell counts) +
0.20399 (when basophil counts >3%) + (0.0413 9 eosinophil
counts) 9 100. The Hasford risk score was designated as fol-
lows: low Hasford risk (score ≤780); intermediate risk (score
781–1480); and high risk (score >1480). The EUTOS score
was calculated as (7 9 basophils) + (4 9 spleen size) at diag-
nosis, where the spleen was measured in centimeters below the
costal margin and basophils, as a percentage ratio. An EUTOS
score of >87 indicated a high risk and ≤87 indicated a low
risk.
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The institutional review board of Yokohama City University
Hospital approved the study and all procedures were carried
out in accordance with the Declaration of Helsinki.

Definitions. A CCyR was defined as the absence of Philadel-
phia chromosome by G-banding analysis of bone marrow and
Philadelphia cells by fluorescence in situ hybridization analysis
of peripheral blood. Major molecular response (MMR) was
defined as the presence of 100 copies ⁄lg of major BCR-ABL
mRNA measured by transcription-mediated amplification and
hybridization protein assay.(9–11)

Event-free survival (EFS) was measured from the date of
imatinib treatment initiation to the date of the following
events: loss of cytogenetic effect (partial cytogenetic response
[PCyR] or CCyR); progression to acceleration phase (AP) or
blastic phase (BP); or death from any cause. The criteria rec-
ommended by the European Leukemia Net (ELN) 2010 were
used for the definition of complete hematological response, AP
and BP.(12) Progression-free survival (PFS) was calculated
from the date of therapy initiation to the date of progression to
AP ⁄BP or to the date of death from any cause. Overall sur-
vival (OS) was calculated from the date of therapy initiation to
the date of death or final follow up (31 January 2012).

Statistical analysis. The EFS, PFS and OS were estimated
using the Kaplan–Meier methods and compared using the log-
rank test. Cumulative incidence of CCyR and MMR was also
compared using the log-rank test. Differences among variables
were evaluated using the Fisher’s exact test and Mann–Whit-
ney U-test for categorical and continuous variables, respec-
tively. A P-value < 0.05 was considered statistically
significant. All statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria)(13) and a modified
version for R commander designed to add statistical function
frequently used in biostatistics.

Results

Baseline characteristics. The baseline characteristics of
patients with CML-CP are shown in Table 2. The median age at
diagnosis was 54 years (range, 15–83 years). The median dura-
tion from diagnosis to treatment initiation was 14 days (range,
0–285 days). The median follow-up period of the surviving
patients was 57 months (range, 9–130 months). The median per-
centage of basophils was 5% (range, 0–24.5%). Splenomegaly
was found in 36 patients and the median length below the costal
margin was 0 cm (range, 0–25 cm). The dose of imatinib at ini-
tiation was 300 mg ⁄day in five patients (3.4%), 400 mg ⁄day in
139 patients (95.9%) and 600 mg ⁄day in one patient (0.7%).
According to the EUTOS score, 129 patients (89%) were deter-
mined to have a low risk and 16 patients (11%) were determined
to have a high risk. Using the Sokal and Hasford score, 66 and
60 patients, 52 and 72 patients and 27 and 13 patients were
divided into low, intermediate and high risk, respectively.

Outcome. The response rates to treatment and outcomes
according to each of the scoring systems are listed in Table 3
and Figures 1–3. The cumulative incidence of CCyR at 12 and
18 months, cumulative incidence of MMR at 12 and
18 months, EFS, PFS and OS are also shown. The cumulative
incidence of CCyR at 18 months was 86.9% and 87.5% in the
EUTOS low- and high-risk groups (P = 0.797), 93.1%, 85.2%
and 69.2% in the Sokal low-, intermediate- and high-risk
groups (P = 0.002) and 92.2%, 87.2% and 75% in the Hasford
low-, intermediate- and high-risk groups (P = 0.002), respec-

Table 1. Calculation form of each scoring system for the Sokal,

Hasford and EUTOS scores

Scoring

system
Calculation Risk definition

Sokal

score(5)
Exp 0.0116 9 (age � 43.4) +

0.0345 9 (spleen � 7.51)

+ 0.188 9 [(platelet

count � 700)2 � 0.563] + 0.0887 9

(blast cells � 2.10)

Low risk: <0.8

Intermediate risk:

0.8–1.2

High risk: >1.2

Hasford

score(6)
0.666 when age ≥50 years +

(0.042 9 spleen) + 1.0956

when platelet count >1500

9 109 ⁄ L + (0.0584 9 blast cells)

+ 0.20399 when basophils >3% +

(0.0413 9 eosinophils) 9 100

Low risk: ≤780
Intermediate risk:

781–1480

High risk: >1480

EUTOS

score(7)
(Basophils 9 7) + (spleen 9 4) Low risk: ≤87

High risk: >87

Age is in years. Spleen is in cm below the costal margin. Blast cells, eo-
sinophils and basophils are in percent of peripheral blood differential.
EUTOS, European Treatment and Outcome Study; Exp, exponential
function.

Table 2. Clinical characteristics of patients at diagnosis (n = 145)

Clinical characteristics Median (range)

Age (years) 54 (15–83)

WBC ( ⁄ lL) 36 360 (2877–750 000)

Blast (%) 0 (0–14)

Eosinophil (%) 2.5 (0–13)

Basophil (%) 5 (0–25.5)

Hemoglobin (g ⁄ dL) 12.9 (4.1–16.6)

Platelet cells ( ⁄ lL) 48.5 (11.3–446.0)

LDH ( ⁄ base) 2.34 (0.76–10.28)

Days from diagnosis to start of treatment 14 (0–285)

No. patients (%)

Sex

Male 88 (60.7)

Female 57 (39.3)

Splenomegaly (>10 cm)

Yes 36 (24.8)

No 109 (75.2)

Range (cm) 0–25

Imatinib dose (mg)

300 5 (3.4)

400 139 (95.9)

600 1 (0.7)

Sokal risk

Low 66 (45.5)

Intermediate 52 (35.9)

High 27 (18.6)

Hasford risk

Low 60 (41.4)

Intermediate 72 (49.6)

High 13 (9.0)

EUTOS risk

Low 129 (89.0)

High 16 (11.0)

EUTOS, European Treatment and Outcome Study; LDH, lactate dehy-

drogenase; WBC, white blood cell.
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tively. According to risk stratifications, there were significant
differences in CCyR prediction between the Sokal and Hasford
risk groups, but no significant difference among the EUTOS
score risk groups. The cumulative incidence of CCyR at
12 months was validated using the Sokal and Hasford scores
(P = 0.012 and P < 0.001, respectively), but not by the EU-
TOS score (P = 0.828). For the cumulative incidence of MMR
at 18 months, there were no significant differences between
the three risk categories (Table 3). The 5-year OS rates were
92.6% and 93.3% (P = 0.871) in the EUTOS low- and high-
risk groups, 95.4%, 100% and 88.4% (P = 0.216) in the Sokal
low-, intermediate- and high-risk groups and 100%, 93.7% and
75.5% (P = 0.005) in the Hasford low-, intermediate- and
high-risk groups, respectively (Fig. 1a–c). The 5-year PFS
rates were 92.1% and 87.1% (P = 0.5) in the EUTOS low-
and high-risk groups, 96.4%, 98% and 76.7% (P = 0.004) in
the Sokal low-, intermediate- and high-risk groups and 97.5%,
94.2% and 49.9% (P < 0.001) in the Hasford low-, intermedi-
ate- and high-risk groups, respectively (Fig. 2a–c). The 5-year
EFS rates were 80.9% and 87.9% (P = 0.66) in the EUTOS
low- and high-risk groups, 91.9%, 70.6% and 76.1%

(P = 0.009) in the Sokal low-, intermediate- and high-score
groups and 88.9%, 81.8% and 49.9% (P < 0.001) in the Has-
ford low-, intermediate- and high-risk groups, respectively
(Fig. 3a–c).

Discussion

We performed a multicenter retrospective study to validate the
effectiveness of the EUTOS, Sokal and Hasford scoring sys-
tems. The study cohort included newly diagnosed CML-CP
patients who were treated with imatinib. We found that both
the Sokal and Hasford scores, but not the EUTOS score, were
clinically effective prognostic indicators. The EUTOS score
did not predict the CCyR at 12 and 18 months, MMR at 12
and 18 months or EFS, PFS and OS. However, the Sokal and
Hasford scores predicted the cumulative incidence of CCyR at
12 and 18 months, 3-year EFS and 3-year PFS. In the data
from the present study, the EUTOS high-risk patients did not
share the risk group with the other two scoring systems. In
detail, there were only four patients whose scores were within
all high risks in the three scoring systems. Of the EUTOS
high-risk patients (16 patients), eight patients were Sokal high
risk and four patients were Hasford high risk. In contrast, the
Hasford high-risk patients (13 patients) were all Sokal high
risk (data not shown). The factors included in the Sokal and
Hasford scores are similar, but the EUTOS score includes only
basophil cell count and the size of splenomegary. Age, platelet
count and blast cell count, which consist of the Sokal and Has-
ford scores but are not included in the EUTOS score, might
have a prognostic influence on CML patients.
After the development of the EUTOS score, several studies

evaluated its clinical significance and reported both nega-
tive(14,15) and positive(16–22) findings.
The original report for the EUTOS scoring system by Has-

ford et al.(7) used data from patients who were participating in
clinical trials; therefore, clinical bias of the patient’s character-
istics or treatment may have influenced the results. However,
using data from 1288 CML patients, including those in and
out of clinical trials who were treated with first-line imatinib
therapy, Hoffmann et al.(22) recently reported that the EUTOS
scoring system can predict CCyR at 18 months, PFS and OS.
The present cohort also included patients who were both in
and out of clinical trials, but the EUTOS score did not predict
their outcome. The EUTOS score also did not predict the out-

(a) (b) (c)

Fig. 1. Overall survival (OS) using (a) the European Treatment and Outcome Study (EUTOS) score, (b) the Sokal score and (c) the Hasford score.
There is a significant difference (P = 0.005) in OS between the risk groups according to the Hasford score, but no significant difference according
to the EUTOS and Sokal scores. NS, not significant.

Table 3. Comparison of Sokal, Hasford and EUTOS scores for

cumulative incidence of complete cytogenetic response at 12 and

18 months and major molecular response at 18 months

No. (%)
12m-

CCyR (%)

18m-

CCyR (%)

18m-

MMR (%)

EUTOS P = 0.828 P = 0.797 P = 0.243

Low 129 (89.0) 80.4 86.9 50.4

High 16 (11.0) 81.3 87.5 75.0

Sokal P = 0.012 P = 0.002 P = 0.493

Low 66 (45.5) 87.9 93.1 57.6

Intermediate 52 (35.9) 78.8 85.2 50.0

High 27 (18.6) 63.0 69.2 48.1

Hasford P < 0.001 P = 0.015 P = 0.375

Low 60 (41.4) 88.3 92.2 56.8

Intermediate 72 (49.7) 77.8 87.2 52.8

High 13 (8.9) 53.8 75.0 38.5

All patients 145 80.3 86.9 52.9

12m-CCyR, complete cytogenetic response at 12 months; 18m-MMR,
major molecular response at 18 months; EUTOS, European Treatment
and Outcome Study.
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come when subanalysis data from the patients included in the
clinical trials were used (data not shown).
The end-points for assessment of the EUTOS scoring system

differed between reports. Hasford et al.(7) used the CCyR at
18 months, which is known to be an early surrogate marker of
outcome. In addition to the CCyR at 18 months, we assessed
the CCyR at 12 months because it was one of the factors of
optimal response according to the 2010 ELN recommenda-
tion,(9) while EFS, PFS and OS were factors for prognosis. Of
the five reports(18,20,22) assessing the CCyR at 18 months,
including the original report by Hasford et al.(7) and the pres-
ent study, three reports(7,20,22) showed significant differences
according to the EUTOS scoring system. Therefore, validation
of the EUTOS scoring system should be performed using a
homogenous end-point.
Reports on the EUTOS score using data from Asian patients

are relatively limited. Yahng et al.(19) and Than et al.(20)

reported the use of the EUTOS score in patients from Korea
and Singapore, respectively. Yahng et al.(19) reported that
high-risk patients identified as per the EUTOS score comprised
16.5% of the study population, while Than et al.(20) reported a
proportion of 31%; the ratios are higher than those of other
reports, 5.1–13.2%, including our data of 11%. The cumulative
incidence of CCyR at 12 months in the EUTOS low- and
high-risk groups was 89% and 57% (P < 0.0001) in the report
by Yahng et al.,(19) 68% and 39% (P = 0.008) in the report by

Than et al.(20) and 80.4% and 81.3% (P = 0.828) in the pres-
ent study, respectively. The treatment response rates in the
present study are higher than those of Yahng et al.(19) and
Than et al.(20) In addition, in the present study, the treatment
responses and outcomes were good even in the EUTOS high-
risk group, suggesting that the EUTOS score does not correlate
with the prognosis.
Poor patient adherence to the CML treatment therapy might

be the predominant reason for the inability to obtain adequate
molecular responses.(23) Maintaining good adherence to treat-
ment is considered an important therapeutic target.(12) Further-
more, evidence suggests that the poor adherence to BCR-ABL
inhibitor therapy is associated with reduced efficacy and
increased healthcare costs.(24) Adherence might overcome the
prognostic risk at the diagnosis of CML. Moreover, inter-racial
differences in the pharmacokinetics of imatinib have been
reported.(25) Although not assessed in the present study, these
factors might influence the results of validation studies of the
scoring systems used in CML.
Currently, the usefulness of the EUTOS score is uncertain.

Data in the present study did not validate the effectiveness of
the EUTOS score. The small size of the high-risk group in the
EUTOS score might be one reason for not predicting the clini-
cal outcomes. To resolve these issues, all CML patients treated
with imatinib and 2nd TKI, whether they are included in clini-
cal trials, should be analyzed to validate the EUTOS score.

(a) (b) (c)

Fig. 2. Progression-free survival (PFS) using (a) the European Treatment and Outcome Study (EUTOS) score, (b) the Sokal score and (c) the Has-
ford score. There are significant differences (P = 0.004 and P < 0.001) in PFS between the risk groups according to the Sokal and Hasford scores,
respectively. There is no significant difference according to the EUTOS score. NS, not significant.

(a) (b) (c)

Fig. 3. Event-free survival (EFS) using (a) the European Treatment and Outcome Study (EUTOS) score, (b) the Sokal score and (c) the Hasford
score. There are significant differences (P = 0.009 and P < 0.001) in EFS between the risk groups according to the Sokal and Hasford scores,
respectively. There is no significant difference according to the EUTOS score. NS, not significant.
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Additionally, the validation of the EUTOS scoring system
should be assessed using a homogeneous end-point. Adequate
monitoring of adherence to TKI therapy and assessment of
racial differences are also needed.
In conclusion, the EUTOS score did not predict the treat-

ment efficacy and outcome in newly diagnosed CML-CP

patients treated with imatinib. To our knowledge, this is the
first study to use data from Japanese patients.
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