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Abstract

Introduction: The ultimate goal for CML management is risk stratification of the patients to design the appropriate treatment approach. The
Sokal, Euro and EUTOS risk scores were established to prognosticate the patients on therapy. Aim: To perform a comparative assessment of the
Sokal, Euro and EUTOS prognostic score in Indian CML-CP patients on imatinib. Methods: This is a retrospective study performed in 260 Ph+
CML-CP patients who were administered oral imatinib (400 mg/day). Results: 166/260 were males and 94/260 were females (M: F::1.6:1) with
median age 35 years (range 20-70).92 (35.38%), 125 (48.07%) and 43 (16.5%) patients were divided into low, intermediate and high risk Sokal score
respectively. 102 (39.23%), 106 (40.76%) and 52 (20%) patients were discriminated into low, intermediate and high risk Euro score respectively.
210 (80.7%) and 50 (19.2%) patients were divided into low and high risk EUTOS score. Cumulative incidence of MMR for low, intermediate and
high-risk Sokal score was 87%, 76% and 84% respectively (P = 0.016). Incidence of MMR in low, intermediate and high-risk Euro score was 93%,
85% and 68% respectively (P = 0.001). Incidence of MMR was 80 % and 81% for low and high risk EUTOS score (P = 0.764). Both EFS and OS are
significantly correlated with Sokal score (P = 0.004, P = 0.007) and Euro score (P = 0.009, P = 0.001) but not with EUTOS score (P = 0.581,P =
0.927). Conclusion: The present study highlights the significant prognostic role of Sokal and Euro score in predicting the treatment outcome of

the CML- CP patients on imatinib.
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Introduction

Chronic myeloid leukemia (CML) is a clonal malignant
disorder of pluripotent hematopoietic stem cells characterized
by insidious onset of symptoms, progressive splenomegaly,
marrow hypercellularity, anemia, and leukocytosis with myeloid
cells in all stages of maturation. If untreated, this disease
follows a typical course, from chronic phase (CP) toward an
ill-defined accelerated phase (AP) to the final blast crisis (BC)
within 3-5 years.!"¥) Majority of patients are diagnosed in
CML-CP and median survival of these patients is 5—6 years
in the absence of the treatment.’! If the CML patients are left
untreated, their progression from the accelerated phase to blast
crisis typically occurs within 2 to 15 months. Furthermore in
these patients, median survival of the patients in blast crisis is
3-6 months in absence of treatment.[¥

Over the years, many prognostic scoring models have been
developed for risk stratification of CML. The three principal
risk scores such as Sokal, Euro, and European Treatment
and Outcome Study (EUTOS) were established in different
eras of CML therapy with implications for prognosis and
disease outcome.#¥! Sokal score was developed in the era of
chemotherapy, while Euro score was proposed in the time of
interferon-alpha administration and EUTOS score was projected
in Tyrosine Kinase Inhibitors (TKIs) era. Sokal and Euro score
discriminated the patients into high, intermediate, and low-risk
groups, but EUTOS score differentiated the patients into
high- and low-risk groups.>7

Worldwide, several studies from different regions have
compared the clinical significance of these prognostic scoring
systems and found mixed opinions regarding their utility.-'¢]
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Few studies observed that EUTOS score is better than Sokal
and Euro score in predicting the prognosis of CML patients;
however, Sokal and Euro scores were found better than EUTOS
in other studies.’”13! Sokal and Euro score were successfully
used to differentiate all risk patients treated with imatinib
according to 5-year overall survival (OS); however, EUTOS
score has failed to show a significant association.!'¥ Initially,
the EUTOS score was successful to predict the probability of
complete cytogenetic response (CCyR) within 18 months of
imatinib initiation and progression-free survival; however, Sokal
and Euro scores failed to show significant efficacy.”” EUTOS
is the only CML prognostic score that has been developed in
the TKIs era. Hence, its validation is important for the clinical
management of CML. The usefulness of this score in predicting
survival and outcome in CML-CP patients treated with TKIs
was questioned, as mentioned in literature.['>"]

To the best of our knowledge, there are very limited data
from Asian population regarding the comparative analysis of
prognostic scores in CML patients receiving front-line imatinib
therapy.l'*'%! In view of this, we assessed the most widely used
prognostic risk models (Sokal score, Euro, and EUTOS score)
and compared their efficacy as a predictive and prognostic tool
in a cohort of 260 Indian CML-CP patients on imatinib.

Materials and Methods

This was a retrospective study performed in 260 Ph+
(Philadelphia positive) CML-CP patients attending the
Hematology Outpatient Department of the AIIMS, New Delhi,
from 2012 to 2016. CML-CP was diagnosed according to
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the WHO 2008 criteria and diagnosis was performed by
reverse transcriptase-polymerase chain reaction (PCR) for the
Ph chromosome. These patients consisted of 166 males and
94 females with a median age of 35 years. All these patients
were started on oral imatinib 400 mg/day (Novartis, Bale,
Switzerland). The study was approved by the Institutional
Ethics Committee and written informed consent was obtained
from all participants.

Baseline characteristics of the patients including age, gender,
spleen size, hemoglobin (Hb), total leukocyte count (TLC),
differential leukocyte count (percentage of myeloblasts,
basophils, and eosinophils), and platelet count in peripheral
blood were recorded. At the time of diagnosis, we calculated
and categorized Sokal score, Euro score, and EUTOS risk score
according to formulae given in Table 1.

Responses were defined as previously described by Kantarjian
et al.' Complete hematologic response was defined as
TLC <10 x 10°L, platelet count <450 x 10°/L, no immature
cells (blasts, promyelocytes, or myelocytes) in the peripheral
blood, and disappearance of all signs and symptoms related
to leukemia, including palpable splenomegaly. Real-time
quantitative PCR was performed on peripheral blood every
6—12 monthly to look for molecular response which was
defined as a major molecular response (MMR) if the
BCR-ABL/ABL ratio was <0.10% on the International Scale.!']

All statistical analyses were performed using STATA 11 (College
Station, TX, USA). Cumulative incidence of MMR, event-free
survival (EFS), and OS for period of 4 years were calculated
with Kaplan—Meier method.!"”! Different risk curves were
compared with log-rank test.?” Survival curves were estimated
according to the method of Kaplan and Meier, and statistical
differences between curves were assessed by the log-rank test.
EFS was defined as a loss of molecular and hematological
response, progression to AP/blast phase on imatinib and death
or last follow-up. OS was defined as the time period elapsed
between initial diagnosis and death or last follow-up.?"

Results

The baseline characteristics of 260 CML-CP patients are shown
in Table 2. The median age at diagnosis was 35 years (range:
20-70 years) with (male:female: 1.6:1) and a median
follow-up period of the patients was 38 months (range:
2-48 months). The median Hb was 8.9 g/dl (range: 4.2—-16.3),
median TLC 158 x 10°/L (range: 0.9-653) with median blast
percentage 3 (range: 1-9), and median basophil percentage
3 (range: 0-13). Splenomegaly was found in 72/260 (27.6%)
patients, and the median spleen size below the left costal
margin was 8 cm (range: 0-25 cm).

The distribution of the patients according to various risk groups is
shown in Table 3. Using Sokal score, 92 (35.38%), 125 (48.07%),
and 43 (16.5%) patients were divided into low-, intermediate-, and
high-risk score, respectively. As per the Euro score, 102 (39.23%),
106 (40.76%), and 52 (20%) patients were discriminated into low-,
intermediate-, and high-risk score, respectively. According to the
EUTOS score, 210 (80.7%) patients were categorized as low risk,
while 50 (19.2%) patients had a high-risk score.

Cumulative incidence of MMR according to all the three
risk scores is shown in Table 3. According to Sokal
score, the cumulative incidence of MMR was 87%, 76%,
and 84% for low-, intermediate-, and high-risk score,
respectively (P = 0.016). As per Euro score, cumulative
incidence of MMR was 93%, 85%, and 68% for low-,
intermediate-, and high-risk group, respectively (P = 0.001).
Cumulative incidence of MMR for low- and high-risk group as
per EUTOS score was 80% and 81% (P = 0.764).

Kaplan—Meier analysis for EFS is shown in Figure 1. Estimated
4-year EFS for low-, intermediate-, and high-risk Sokal scores
was 96%, 90%, and 61%, respectively (P = 0.004). EFS for
Euro score was 97%, 89%, and 72%, respectively (P = 0.009).
Estimated EFS for low and high EUTOS score was 87%
and 84%, respectively (P = 0.581). Estimated 4-year OS
analysis for the three risk scores is shown in Figure 2. OS
was 97%, 84%, and 70% (P = 0.007) for low-, intermediate-,
and high-risk Sokal group, respectively. OS was 83%, 87%,
and 67% (P = 0.001) for low-, intermediate-, and high-risk
Euro group, respectively. OS for low- and high-risk EUTOS
scores was not significantly different, being 81% and 92%,
respectively (P = 0.927).

Discussion

Over the years, various attempts have been made for the
better prognostication of CML-CP patients at the time of
diagnosis. Various baseline factors such as clonal chromosome
abnormalities in Ph+ cells, specific multidrug resistance
polymorphisms, and the detailed molecular analysis of the
genome have been reported to influence the response to
imatinib and OS in CML patients.?*2* However, due to
requirement of technical expertise and cumbersome time
taking techniques for the assessment of above-mentioned
factors, these cannot be routinely investigated in daily clinical
practice. Hence, on the basis of easily available clinical and
hematological parameters, the various scoring models have
been designed for prognostic evaluation at diagnosis. In the
past three decades, risk stratification for CML patients primarily
relied on Sokal and Euro scores which were developed in
the year 1984 and 1988, respectively.>?” Then Europeans

Table 1: Sokal score, Euro score, and European Treatment and Outcome Study score: Calculation and risk

categorization

Scoring system Calculation

Risk definition

Sokal score

exponential function
Euro score

(0.0413xeosinophil counts) x 100

EUTOS score (7 % basophils) + (4 x spleen size)

Exp (0.0116 x [age in years—43.4] + 0.0345 x [spleen size—7.51] + 0.188 9
[(platelet count/700) 2—0.563] + 0.0887 x [blast cell counts—2.10]), where Exp is the

0.666 (when age >50 years) + (0.042xspleen size) + 1.0956 (when platelet count
>1500x10%L) + (0.0584xblast cell counts) + 0.20399 (when basophil counts >3%) +

Low risk: <0.8
Intermediate risk: 0.8-1.2
High risk: >1.2

Low risk: <780
Intermediate risk: 781-1480
High risk: >1480

Low risk: <87

High risk: >87

EUTOS=European Treatment and Outcome Study
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designed EUTOS score during the TKI era in year 2011, which
was based on more than 2000 CML-CP patients treated with
imatinib.[”!

Studies validating the role of these scores in prognostication of
CML patients on imatinib have shown conflicting results. The
reasons for the mixed observations with these scores are: first,
the heterogeneity in the study population and second, the type
or dose of the treatment in the form of TKIs as per various
studies. Therefore, the aim of our study was to analyze the
predictive values of all the three prognostic scoring systems in
CML-CP patients on 400 mg/day imatinib. We found that both

Table 2: Baseline characteristics of the 260 chronic
myeloid leukemia-chronic phase patients
Data variables

Value
Age (years); median (range) 35 (20-70)
Gender (male:female) 1.6:1

Hb (g/dl); median (range) 8.9 (4.2-16.3)
TLC (10°/L); median (range) 158 (0.9-653)
Platelet count (10°/L); median (range) 289 (30-1056)

Peripheral blasts (%); median (range) 3 (1-9)
Eosinophils (%); median (range) 2 (0-10)
Basophils (%); median (range) 3 (0-13)
Spleen (cm); median (range) 8 (0-25)

Hb=Hemoglobin, TLC=Total leucocyte count

Table 3: The distribution of the patients and incidence
of major molecular response according to risk scores
(Sokal, Euro, and European Treatment and Outcome
Study)

Risk group

Cumulative incidence P
of MMR (%)

Number of
patients (%)

Sokal score

Low 92 (35.38) 87 0.016
Intermediate 125 (48.07) 76
High 43 (16.5) 84

Euro score
Low 102 (39.23) 93 0.001
Intermediate 106 (40.76) 85
High 52 (20) 68

EUTOS score
Low 210 (80.7) 80 0.764
High 50 (19.2) 81

EUTOS=European Treatment and Outcome Study, MMR=Major molecular response
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the Sokal and Euro scores were clinically effective prognostic
indicators but not the EUTOS score. In contrast to the Sokal
and Euro scores, which predicted the significant cumulative
incidence of MMR, EFS, and OS, the EUTOS score was not
able to predict the same.

Our patients had a median age of 35 years at presentation,
which is in contrast to studies in Western population in which
median age is between 40 and 50 years.?® This signifies
the important finding of this study that the presentation of
CML occurs in comparatively younger Indian population.?”!
Thus, it is really very important to assess the prognostic
capability of these scores in predicting clinical outcome in this
predominantly young adult population.

Using the Sokal score, 92 (35.38%), 125 (48.07%), and
43 (16.5%) patients were divided into low-, intermediate-, and
high-risk score, respectively. As per Euro score, 102 (39.23%),
106 (40.76%), and 52 (20%) patients were divided into low-,
intermediate-, and high-risk score, respectively. Our findings
are in line with previous studies from European population
and Western population.5”1%16 According to the EUTOS score,
210 patients (80.7%) and 50 patients (19.2%) were in low-risk
and high-risk score respectively, which is similar to the study
from European population but in contrast to study from Chinese
population by Tao et al.l1%!-1%]

According to Sokal score, cumulative incidence of MMR
was 87%, 76%, and 84% for low-, intermediate-, and
high-risk group, respectively (P = 0.016). As per Euro
score, cumulative incidence of MMR was 93%, 85%,
and 68% for low-, intermediate-, and high-risk group,
respectively (P = 0.001). Both EFS and OS were significantly
correlated with Sokal score (P = 0.004 and P = 0.007)
and Euro score (P = 0.009 and P = 0.001). Our findings
are also confirmed by Yamamoto ef al., Marin et al., and
Jabbour et al. in Japanese, German, and Western population,
respectively. These studies indicated the significance of Sokal
and Euro score in forecasting the outcome in CML patients
and also questioned the validity of the EUTOS scoring
system.!'*1¢) However, contradictory results were suggested by
Hoffman et al. in German population.!'

As per EUTOS score, cumulative incidence of MMR

for low- and high-risk group was 80% and 81%,
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Figure 1: Event-free survival analysis of chronic myeloid leukemia-chronic
phase patients as per risk scores by Kaplan—-Meier method; Sokal, Euro,
and European Treatment and Outcome Study

260

Figure 2: Overall survival analysis of chronic myeloid leukemia-chronic
phase patients as per risk scores by Kaplan—-Meier method; Sokal, Euro,
and European Treatment and Outcome Study
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respectively (P = 0.764). No significant correlation was
observed for EFS and OS with EUTOS score (P = 0.581 and
P =0.927). There are conflicting opinions, regarding the use of
EUTOS system for the prognostic evaluation of CML.P19 In
contrast to study by Hoffman et al. and Tao et al. in German
population and Chinese population, respectively, who revealed
the significant correlation of EUTOS score with treatment
outcome,""!2l numerous studies from Japanese, German, and
Western population did not find any significant association of
this score with prognostication of the patients. Our findings
are in line with the above-mentioned studies by Jabbour ef al.,
Marin et al., and Yamamoto et al.'*!

Conclusion

The present study highlighted the significant prognostic role
of Sokal and Euro score in predicting the treatment outcome
of the CML-CP patients. One of the possible reasons for
parallel results in Sokal and euro scores may be due to the
involvement of similar factors in their calculation such as
age, platelet count, and blast cell count. The present study
was not able to validate the effectiveness of the EUTOS
score in predicting the clinical outcome. This difference in
findings of the EUTOS score may be due to the following
reasons; first, it is calculated by two parameters as used in
calculating Sokal and Euro score, i.e., basophil count and
splenomegaly, and second, there was the comparatively small
proportion of the patients in the high-risk group. Hence, we
recommend the routine application of Sokal and Euro score
in prognostication of CML-CP patients on imatinib. Future
projects involving the development of new prognostic models
may open the window for prognostication of CML patients at
presentation and will provide insight into selecting the most
appropriate therapy for a better outcome in this modern era
of TKIs therapy.
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