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Introduction
The approval of multiple BCR‑ABL‑targeting 
tyrosine kinase inhibitors (TKIs) led to 
a therapeutic dilemma for clinicians in 
assigning upfront therapy. In an endeavor 
to guide and optimize treatment decisions, 
several risk score metrics have been 
formulated and used clinically to gauge 
the likely disease outcome. The Sokal and 
Hasford/Euro scores were developed in the 
chemotherapy[1] (1984) and interferon[2] 
eras (1998) and still they are widely used. 
Recently (2011), a new scoring system 
called European Treatment and Outcome 
Study (EUTOS) scoring system was 
formulated.[3]
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Abstract
Introduction: The Sokal and Hasford (Euro) scores were developed in the chemotherapy and 
interferon eras and are widely used as prognostic indicators in patients with chronic myeloid leukemia 
(CML). Recently, European Treatment and Outcome Study (EUTOS) scoring system was introduced. 
Data on risk stratification in pediatric CML population was lacking due to its rarity (<3%). 
Objective: To study the effectiveness in predicting the response and outcome with three prognostic 
scores in pediatric CML‑chronic phase patients on front line Imatinib. Materials and Methods: We 
retrospectively analyzed the hospital records of newly diagnosed CML CP patients (aged ≤18 years) 
from 2006 to 2010 for their risk score, cytogenetic response at 18 months and event free survival 
(EFS) at the end of 4 years. Events include loss of hematological response, loss of cytological 
response, progression to accelerated/blast phase (AP/BC). All received free Imatinib under Gleevac 
international patient assistance program. Results: Data of 106 children was analyzed with median 
age of 13.5 (ranged 5‑18 years) and male preponderance (M:F = 1.14:1). The distribution of children 
was 63%, 32% and 5% in Sokal low, intermediate and high risk respectively, 50%, 43% and 5% in 
Hasford/Euro low, intermediate and high risk respectively, 71% and 29% in EUTOS low and high 
risk respectively. The overall cumulative complete hematological response at the end of 3 month 
was 94%, and complete cytogenetic response at 12 months was 75%. The CCyR at 18 month was 
seen in 90%,74% and 83% among Sokal low, intermediate and high risk groups respectively, 83%, 
86% and 83% among Hasford/Euro low, intermediate and high risk groups respectively, 84% and 
86% EUTOS low and high risk groups respectively. The EFS at the end of 48 months was seen in 
87%,79% and 83% among Sokal low, intermediate and high risk groups respectively, 83%, 86% 
and 83% among Hasford/Euro low, intermediate and high risk groups respectively, 86% and 80% 
EUTOS low and high risk groups respectively. Conclusion: None of the scoring systems predicted 
the response and outcome effectively in children with CML CP on front line Imatinib.
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Chronic myeloid leukemia (CML) in 
children accounts for 2%–3% of pediatric 
leukemias, making evidence‑based 
recommendations difficult.[4] Imatinib 
is effective in children with CML in 
chronic phase (CML‑CP) with response 
rates similar to that in adults.[5‑7] Since 
the characteristics of CML in children 
seem to overlap extensively with what is 
described in adults, most of the pediatric 
algorithms are adapted from the treatment 
of CML in adults.[8] While there are 
several validated scoring systems for the 
adult CML population, none of them have 
been specifically validated in pediatric 
population. The present study has been 
aimed to analyze the effectiveness of the 
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three risk scoring systems on the outcome of the pediatric 
CML‑CP on imatinib.

Materials and Methods
Between years 2004 and 2011, consecutive newly diagnosed 
children (≤18 years) with BCR‑ABL positive and/or Ph+ve 
CML‑CP who received imatinib as first‑line therapy 
were analyzed. Their hospital records were analyzed for 
demographic data, spleen size, white blood cell count, 
platelet count, differential count, disease phase, date of 
initiation of imatinib treatment, attainment of complete 
hematological remission (CHR), complete cytogenetic 
response (CCyR), and follow‑up details for their outcome at 
the end of the 4th year. The three risk scores for all children 
were calculated using online calculator on the European 
LeukemiaNet website (http://www.leukemianet.org/content/
leukemias/cml/cmlscore/index_eng.html). All children 
received free imatinib under the Glivec International 
Patient Assistance Program. They were started on imatinib 
at a dose of 260 mg/m2 after consent from parent/guardian 
for initiation of the treatment.

Those who did not undergo evaluation as per advice and 
whose follow‑up data could not be retrieved were excluded 
from the study.

Events include loss of hematological response or 
cytogenetic response and progression to accelerated 
phase/blast crisis. Cytogenetic response was defined as 
per the guidelines of the European LeukemiaNet.[9] The 
outcome of individual risk groups was compared using 
Fisher’s test.

Results
Data of 106 children were analyzed, with a median age 
of 13.5 (range 5–18 years) and male preponderance 
(male:female = 1.14:1) [Table 1]. The distribution 
of children was 63%, 32%, and 5% for Sokal low, 
intermediate, and high risk, respectively, 50%, 43%, and 
5% for Hasford/Euro low, intermediate, and high risk, 
respectively, and 71% and 29% for EUTOS low and high 
risk, respectively. The cumulative CHR at the end of 
3 months was 94%, and CCyR at 18 months was 85%.

The CCyR at 18 months was attained in 90%, 74%, and 
83% among Sokal low, intermediate, and high‑risk groups, 
respectively, 83%, 86%, and 83% among Hasford/Euro 
low, intermediate, and high‑risk groups, respectively, 84% 
and 86% EUTOS low and high‑risk groups, respectively. 
The event‑free survival (EFS) at the end of 48 months was 
87%, 79%, and 83% among Sokal low, intermediate, and 
high‑risk groups, respectively, 83%, 86%, and 83% among 
Hasford/Euro low, intermediate, and high‑risk groups, 
respectively, and 86% and 80% EUTOS for low and 

Table 1: Patient characteristics (n=106)
Variable Mean value (range)
Median age (years) 13.5 (5‑18)
Male:female 1.14:1
Hemoglobin 9.8 g/L (5.2‑12.8)
TLC 162×109/L (6.8‑526)
Platelet count 320×109/L (70‑1240)
Spleen size 9 cm (1‑20)
TLC – Total leukocytes count

Table 2: Outcome among the three risk groups
Events Low risk, 

n=66 (63%)
Intermediate risk, 

n=34 (32%)
High risk, 
n=6 (5%)

P (Fisher’s test) PPV for 
low risk

NPV for 
high risk

Sokal score (%)
CHR at 3 months 60 (90) 33 (97) 5 (83) 0.26 61 12
CCyR at 12 months 55 (83) 20 (58) 5 (83) 0.02 68 3
CCyR at 18 months 60 (90) 25 (74) 5 (83) 0.051 67 6
EFS at 4 years 58 (87) 27 (79) 5 (83) 0.46 65 6

Events Low risk, 
n=54 (50%)

Intermediate risk, 
n=46 (43%)

High risk, 
n=6 (5%)

P (Fisher’s test) PPV for 
low risk

NPV for 
high risk

Euro score (%)
CHR at 3 months 50 (92) 43 (100) 5 (83) 0.55 51 12
CCyR at 12 months 36 (66) 39 (84) 5 (83) 0.09 45 3
CCyR at 18 months 45 (83) 40 (86) 5 (83) 0.9 50 6
EFS at 4 years 45 (83) 40 (86) 5 (83) 0.9 50 6

Events Low risk, 
n=76 (71%)

N/A High risk, 
n=30 (29%)

P (Fisher’s test) PPV for 
low risk

NPV for 
high risk

EUTOS score (%)
CHR at 3 months 72 (94) 26 (86) 0.21 73 50
CCyR at 12 months 58 (76) 22 (73) 0.8 72 30
CCyR at 18 months 64 (84) 25 (83) 1 71 29
EFS at 4 years 66 (86) 25 (83) 0.75 73 33

NPV – Negative predictive valve; PPV – Positive predictive valve; N/A – Not available; CHR – Complete hematological remission; 
CCyR – Complete cytogenetic response; EFS – Event‑free survival; EUTOS – European Treatment and Outcome Study
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high‑risk groups, respectively. The response and outcomes 
among the risk groups were compared in Table 2.

Discussion
With the increase in available treatment options for CML 
patients, there is gross unmet need in refining the prognostic 
risk score metrics which can aid in therapeutic decisions. 
The ideal risk score metric should clearly discriminate 
the risk groups with high sensitivity and specificity. It 
should be easy to apply and widely acceptable. Universally 
accepted risk scoring system facilitates the head‑to‑head 
comparison of trials and in framing conclusive guidelines.

Because the characteristics of CML in children seem 
to overlap extensively with what is described in adults, 
most of the pediatric algorithms are adapted from the 
treatment of CML in adults.[8] While there are several 

validated scoring systems for older CML population, 
none of them have been specifically validated in pediatric 
population.[10]

In the present study, EUTOS low‑risk group children 
had higher chance of attaining CHR at 3 months, CCyR 
at 12, 18 months, and EFS at 4 years than high‑risk 
children, but it was not statistically significant. Sokal 
low‑risk group children had statistically significant better 
chance of attaining CCyR at 12, 18 months than high‑risk 
children. Although low‑risk cohort attained higher CHR 
at 3 months and EFS at 4 years, it was not statistically 
significant. Euro intermediate‑risk group children had 
higher chance of attaining CHR at 3 months, CCyR at 12, 
18 months, and EFS at 4 years than low‑ and high‑risk 
children which was not statistically significant. Sokal 
risk groups showed statistically better differentiation in 

Table 3: Comparison with other studies
Study EUTOS Sokal Euro Conclusion
Marin et al., 
2011[11] (n=282), 
43 years (range, 13 to 
86 years) frontline IM

CCyR at 8 years
87.5% versus 
86.8% (P=0.35)
MMR at 8 years
68.1% versus 
66.1% (P=0.15)
OS at 8 years
89.8% versus 
79.1% (P=0.1)

CCyR at 8 years
93% versus 86% versus 
77% (P<0.001)
MMR at 8 years
71% versus 66% versus 
58% (P<0.01)
OS at 8 years
94% versus 86% versus 
70% (P=0.001)

‑ EUTOS score did not 
predict response and 
outcome but Sokal score 
predicted the EFS, OS, 
CCyR, and MMR

Breccia et al., 2012[12] 
(n=350), frontline and 
second‑line IM

OS at 5 years (P=0.003) CCyR at 5 years
89% versus 82% versus 69%
MMR at 1 year
50% versus 30% versus 19%

‑ EUTOS score predicted 
CCyR, MMR, OS, and PFS 
effectively then Sokal score

Feng et al., 2014[13] 
(n=113), frontline IM

OS (P<0.001) ‑ ‑ EUTOS prognostic scoring 
system may predict better 
than Sokal and Hasford 
systems in CML patients

Yahng et al., 2012[14] 
(n=380), frontline IM

EFS at 5 years
82% versus 
67% (P=0.029)

EFS at 5 years
89% versus 86% versus 
82% (P=0.002)

EFS at 5 years
62% versus 49% 
versus 67% (P=0.003)

All scores predicted the 
outcome

Uz et al., 2013[15] 
(n=143), age 
44 years (16‑82) 
frontline IM

EFS at 5 years
62.6 versus 15.3 
months (P<0.001)

EFS at 5 years (P=0.3) EFS at 
5 years (P=0.05)

OS and CCyR rates were 
also better predicted by the 
EUTOS score

Present study (n=106), 
age 13.5 years (range 
5‑18) frontline IM

EUTOS
CCyR at 12 years ‑ 
76% versus 73%
CCyR at 18 years ‑ 
84% versus 86%
EFS at 4 years ‑ 
86% versus 80%

Sokal
CCyR at 12 years ‑ 83% 
versus 58%versus 83%
CCyR at 18 years ‑ 90% 
versus 74% versus 83%
EFS at 
4 years ‑ 87%versus79% 
versus 83%

Euro
CCyR at 
12 years ‑ 66% versus 
84% versus 83%
CCyR at 
18 years ‑ 83% versus 
86% versus 83%
EFS at 4 years ‑ 83% 
versus 86% 
versus 83%

None of the scoring system 
predicted response and 
outcome

EUTOS – European Treatment and Outcome Study; CCyR – Complete cytogenetic response; EFS – Event‑free survival; OS – Overall survival; 
MMR – Major molecular response; PFS – Progression‑free survival; IM – Imatinib mesylate
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attaining CCyR at 12, 18 months than Euro and EUTOS 
scores. All three scoring systems have failed to predict the 
4‑year EFS.

In this study, among the three risk scoring metrics, EUTOS 
score showed higher positive predictive valve in low‑risk 
group for attaining CCyR at 12, 18 months and EFS at 
4 years than Sokal and Euro low‑risk groups. All the 
three risk scores had low negative predictive valve (NPV). 
EUTOS score showed higher NPV in high‑risk group for 
attaining CCyR at 12, 18 months and EFS at 4 years than 
Sokal and Euro high‑risk groups.

Previous studies comparing all the risk scoring metrics 
in adult population showed mixed results [Table 3]. 
Two studies compared Sokal and EUTOS scores. 
Marin et al.[11] concluded that there is no association 
between EUTOS score and overall survival (OS), 
progression‑free survival (PFS), CCyR, and MMR. They 
also reported that Sokal score predicted the response 
and 8‑year outcome. Breccia et al. retrospectively 
compared the Sokal and EUTOS scores and concluded 
that EUTOS scores were associated with CCyR, MMR, 
OS, and PFS.[12]

Three studies were reported so far comparing the three 
risk scores and outcome in adult CML patients. Uz et al. 
from Turkey reported that OS, EFS, and CCyR rates were 
better predicted by the EUTOS score than Euro/Hasford 
and Sokal systems in CML patients receiving frontline 
imatinib mesylate.[15] Yahng et al. from Korea reported that 
all three scores were found to be valid. Feng et al. reported 
the outcome in Chinese population that all three scoring 
systems were effective predictors of OS in CP‑CML 
patients, and EUTOS scoring system may predict more 
accurately.[13]

The inconsistent results of these scoring systems in 
above studies could be explained by the relatively small 
sample size of high‑risk group, all studies being the 
single‑center studies, heterogeneous population with 
inclusion of second‑line TKI, the errors due to manual 
measurement of spleen size, and the wide variation in 
the level of adherence with the treatment. Moreover, 
interracial differences in the pharmacokinetics and altered 
pharmacodynamics of imatinib in pediatric population may 
lead to differential response and outcome.[12] Although not 
assessed in the present study, these factors might influence 
the results of validation studies of the scoring systems used 
in CML. It would be of interest to investigate whether 
other biological or molecular determinants of the disease 
such as the expression or activity of human organic cation 
transporter or multidrug resistance phenotype may vary in 
this patient population compared to older population.

In summary, with the increase in available treatment 
options for pediatric CML patients, there is gross 
unmet need in the risk stratification, which can aid in 

the therapeutic decisions. The ideal risk score metric 
should be simple, universally acceptable, and able to 
clearly discriminate the risk groups with high sensitivity 
and specificity. The present study did not validate 
the effectiveness of the available three risk scores in 
predicting the response and outcome but lowering the 
EUTOS score high‑risk cutoff may result in better 
discrimination. Currently, the usefulness of these three 
risk scores in stratifying pediatric CML is uncertain. To 
resolve this issue, new prognostic models incorporating 
various clinical, molecular, and gene expression features 
need to be tested in a multicenter prospective study 
involving pediatric CML population over a long follow‑up 
period.
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