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The Hasford Score May Predict Molecular
Response in Chronic Myeloid Leukemia Patients:
A Single Institution Experience
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The Sokal, Hasford, and EUTOS scores were established in different treatment eras of chronic myeloid leukemia (CML). None of
them was reported to predict molecular response. In this single center study we tried to reevaluate the usefulness of three main
scores in TKI era.The study group included 88 CML patients in first chronic phase treated initially with standard imatinib dose. All
of them achievedmajormolecular response (MMR) in time points defined by European LeukemiaNet (ELN). 42 patients lostMMR
in a median time of 47 months and we found a significant difference in MMR maintenance between intermediate-risk (IR) and
low-risk (LR) patients assessed byHasford score. All 42 patients were switched to second-generation TKI (2G-TKI) treatment. At 18
months of 2G-TKI therapy we have still found a significant difference in BCR-ABL transcript levels and MMR rate between IR and
LR groups. We did not find any of the described differences discriminating patients by Sokal or EUTOS score. In this retrospective
single center analysis we found Hasford score to be useful in predicting molecular response in first chronic phase of CML patients.

1. Introduction

Chronic myeloid leukemia (CML) has been a model dis-
ease for a variety of studies concerning scoring systems,
graft versus leukemia effect, or tyrosine kinase inhibitors
(TKI) treatment for many years. Scoring systems playing an
important role in modernmedicine to establish risk-adjusted
optimal therapy [1] have been always essential for CML
changing treatment modalities [1–3]. The three principal risk
scores Sokal [2], Hasford [1], and European Treatment and
Outcome Study (EUTOS) [3] were established in different
eras of CML therapy with implications for prognosis and dis-
ease outcome [4]. Sokal and Hasford formula discriminated
patients between high-risk, intermediate-risk, and low-risk
groups but EUTOS score only between high-risk and low-risk

groups. Sokal score was the first risk score metric designed
for Ph+CML. It was developed in chemotherapy era although
still employed in quite recent trials like ENESTnd [5] or BELA
[6] due to its proven usefulness for predicting survival in
patients treated with imatinib [7] and second- generation
TKI [8]. However Sokal score was not the perfect tool
to properly discern low-risk and intermediate-risk patients
survival during the first 3.5 years [1]. Hasford metric was
designed based on data of patients treated with interferon
alpha [1]. It was reported to predict the probability of 10-year
overall survival in three risk group patients [9]. Originally
the EUTOS score was successful to predict probability of
complete cytogenetic response (CCyR) within 18 months of
imatinib initiation and progression-free survival (PFS) for
patients receiving imatinib [3]. In detail, Sokal and Hasford
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scores failed to differentiate CCyR rates between low-risk
and intermediate-risk patients and the discrimination was
significant only for CCyR rates at 18 months for high-
risk patients [3] although both were successfully used to
differentiate all risk patients treated with imatinib according
to 5-year overall survival [10]. However, the usefulness of
the EUTOS score in predicting survival and outcome in
patients with early chronic phase CML treated with TKI
was questioned [10, 11], although in other studies EUTOS
score was reported to be potent in identifying patients with
poor prognosis treated with imatinib (first or second line)
or predicting long-term outcome [12–15]. In the TKI era
none of available scores is reported to be useful in predicting
molecular response. We were interested if any of them could
be still employed. In our study we tried to find a correlation
between Sokal, Hasford, and EUTOS score at the diagnosis
and molecular response after TKI treatment of our patients.
And surprisingly one of them worked.

2. Materials and Methods

2.1. Definitions. All patients were diagnosed in their first
chronic phase and all of them achieved complete cytogenetic
response (CCyR) at 12months of imatinib treatment. Patients
with advanced phases were originally excluded from the
study. The Sokal score was calculated using the original
formula: exp 0.016 × (age in years − 43.4) + 0.0345 × (spleen
size in cm − 7.51) + 0.188 × ((platelet count/700)2 − 0.563)
+ 0.0887 × (blast cell percentage − 2.10) [2]. The Hasford
score was calculated using the original formula: 0.6666 ×
age (0 when <50 years, 1 otherwise) + 0.042 × spleen size
in cm + 0.054 × blast cell percentage + 0.0413 × eosinophil
cells percentage + 0,2039 × basophil cells percentage (0 when
<3%, 1 otherwise) + 1.0956 × platelet count (0 when <1500
× 109/L, 1 otherwise) × 100 [1]. The Sokal risk score was
designated as follows: low risk (score < 0.8), intermediate
risk (score 0.8–1.2), and high risk (score > 1.2). The Hasford
risk score was designated as follows: low risk (score ≤ 780),
intermediate risk (score 781–1480), and high risk (score >
1480). The EUTOS score was also calculated using original
formula: spleen size in cm × 4 + basophil cells percentage
with low-risk (score ≤ 87) and high-risk (score > 87) groups
designated [3]. Definitions of responses as well as time points
evaluation and treatment were planned strictly according to
European LeukemiaNet (ELN) recommendations including
CCyR as no Ph+ cells in at least 20 metaphases analyzed in
conventional cytogenetics of bone marrow aspirate, MMR as
BCR-ABLIS ≤ 0.10%, and MR4.0 as BCR-ABLIS < 0.01% [16–
18].The studywas approved by the Institutional ReviewBoard
and the local Ethics Committee.

2.2. Methods

2.2.1. Cytogenetic Analysis. CC methods were performed at
diagnosis on BM cells according to the standard proto-
cols. Chromosome preparations were obtained from 24 h
unstimulated (reference culture) and 48 h stimulated with
granulocyte-macrophage colony-stimulating factor BM cell
cultures in RPMI 1640. At least 25–30 G-banding with

trypsin–Giemsa (GTG)-bandedmetaphases was analyzed for
each patient.The karyotypes were described according toThe
International System for Human Cytogenetic Nomenclature
(ISCN).

2.2.2. Real-Time Quantitative Reverse-Transcriptase Poly-
merase Chain Reaction (RQ-PCR). BCR-ABL expression was
quantitated using real-time quantitative reverse-transcriptase
polymerase chain reaction (RQ-PCR) according to Europe
Against Cancer Protocol [19] using ABL as control gene.
BCR-ABL/ABL ratio was expressed in percent and corrected
to international scale (IS) by multiplying by correction factor
established during external standardization.

3. Results

We analyzed a cohort of 88 patients (F/M: 42/46, median
age 51 (21–83)) receiving standard dose imatinib treatment
for first chronic phase of CML (Table 1). As assessed by
Hasford risk analysis, the group comprised 57 low-risk (LR)
and 31 intermediate-risk (IR) patients. In the initial group of
patients, there were 5 high-risk patients who were excluded
from the study. No additional chromosomal abnormalities
were identified at baseline or any other time points. All
patients achieved complete cytogenetic response (CCyR) and
major molecular response (MMR) at time points defined
by ELN. Of these, 42 patients lost MMR in a median time
of 47 months but no BCR-ABL kinase domain mutations
were detected. Within this group we identified 20 low-risk
and 22 intermediate-risk patients. There was a significant
difference in maintenance of the MMR between IR and LR
patients (𝑝 = 0.03, Figure 1). This analysis revealed that
all intermediate-risk patients lost MMR after approximately
85 months of imatinib treatment, while 62% of the low-
risk patients maintained MMR throughout this time frame.
During analysis, all 42 patients were switched to second-
generation TKI (2G-TKI), dasatinib [20], or nilotinib [20]
(Table 1). After 3 months of 2G-TKI treatment 19 patients of
LR group (86%) and 9 patients of IR group (41%) achieved
MMR. The median BCR-ABL transcript levels in the LR
group were 0.01 (0.000–0.295) but in the IR group BCR-ABL
levels were 0.301 (0.000–44.5) (𝑝 = 0.0006, Figure 2).

After 18 months of 2G-TKI treatment median BCR-ABL
transcript levels in the LR group were 0.002 (0.00–0.02)
but in the IR group BCR-ABL levels were 0.03 (0.000–21.1)
(𝑝 = 0.03, Figure 3). All 20 low-risk patients achieved major
molecular response (MMR). In the intermediate-risk group
the response rate (MMR) was approximately 73% (16/22) and
there is a significant difference in a probability of achieving
MMR between groups (𝑝 = 0.0002, Figure 4). Longer follow-
up revealed deep molecular response (MR4.0) differences
between the groups. After 18 months of 2G-TKI treatment
MR4.0 rate in LR and IR groups was 85.0% (17/20) and 36.3%
(8/22), respectively. The probability of MR4.0 after 48 months
of 2G-TKI treatment in LR and IR groupwas 100% and 51.7%,
respectively (𝑝 = 0.01, Figure 5). We did not find any of the
described significant differences discriminating patients by
Sokal or EUTOS score (data not shown).
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Table 1: Patients characteristics.

Characteristics Value
Sex, no (%)

Male 46 (52)
Female 42 (48)

Median age at diagnosis (range) 51 (21–83)
Hasford score at diagnosis, no (%)

Low risk (LR) 57 (65)
Intermediate risk (IR) 31 (35)

Sokal score at diagnosis, no (%)
Low risk 60 (68)
Intermediate risk 20 (23)
High risk 8 (9)

EUTOS score at diagnosis, no (%)
Low risk 65 (74)
High risk 23 (26)

Hasford score, median value in LR
group [min–max] 555 [0–766]

Hasford score, median value in IR
group [min–max] 998 [415–1450]

MMR lost on imatinib (assessed by
Hasford score) no (%)

Low risk 20 (35)
Intermediate risk 22 (71)

Median time to MMR loss (range)
[months] 47 (12–108)

2G-TKI, no (%)
Dasatinib 100mg 21 (50)
Nilotinib 800mg 21 (50)

MMR at 3 months of 2G-TKI, no (%)
Low risk 19/20 (86)
Intermediate risk 9/22 (41)

MMR at 18 months of 2G-TKI, no (%)
Low risk 20/20 (100)
Intermediate risk 16/22 (73)

MR ≥ 4.0 at 3 months of 2G-TKI
Low risk 10/20 (50)
Intermediate risk 4/22 (18)

MR ≥ 4.0 at 18 months of 2G-TKI
Low risk 17/20 (77)
Intermediate risk 8/22 (37)

4. Discussion

Our results are not so different from large studies results
if we look closer at a long-term observation. In DASISION
study molecular responses were estimated by Hasford score.
Cumulative MMR incidence in dasatinib arm by 36 months
in low-risk and intermediate-risk group was 83% and 65%,
respectively [21]. In our study MMR incidence by 18 months
in LR and IR group was 100% and 73%. Our results seem to
be better but they are not directly comparable. Our 2G-TKI
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Figure 1: Cumulative probability of maintaining MMR on imatinib
assessed byHasford risk score (LR, low-risk group, IR, intermediate-
risk group).
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Figure 2: BCR-ABL transcript level after 3 months of 2G-TKI
treatment assessed by Hasford risk score.

group was half-dasatinib and half-nilotinib and all patients
were imatinib pretreated. In ENESTnd trial the highest rate
of MR4.0 after 24 months of nilotinib treatment was observed
in the group of patients (no prior imatinib exposure) with
the lowest BCR-ABL transcript level after 3 months of this
therapy (for subpopulations with 0.01 ≤ BCR-ABLIS ≤ 1%
and 1% ≤ BCR-ABLIS ≤ 10%—MR4.0 rate after 24 months
of treatment was 65.0% and 24.1%, resp.) [20]. In our study
we observed similar responses after 24 months of 2G-TKI
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Figure 3: BCR-ABL transcript level after 18 months of 2G-TKI
treatment assessed by Hasford risk score.
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Figure 4: Cumulative probability of achieving MMR on 2G-TKI
treatment assessed by Hasford risk score (LR, low-risk group, IR,
intermediate-risk group).

treatment. In LR group (median BCR-ABLIS after 3 months
of treatment—0.01%) and IR group (median BCR-ABLIS
after 3 months of treatment—0.301%) MR4.0 rate after 18
months of therapy was 85.0% and 36.3.1%, respectively. IR
and LR groups may be equivalents of BCR-ABLIS ranges
in ENESTnd study as for MR4.0 achievements. It could
indirectly confirmHasford risk score andmolecular response
correlation in our observations. It would be interesting to
compare the results from CA180-034 study describing long-
term outcome with dasatinib after imatinib failure in chronic
phase CML but the end points are progression-free survival
(PFS) and overall survival (OS) rates only [22]. Asmentioned
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Figure 5: Cumulative probability of achieving MR4.0 on 2G-TKI
treatment assessed by Hasford risk score (LR, low-risk group, IR,
intermediate-risk group).

before Hasford score was created to discriminate OS of CML
patients treated with interferon alpha in three risk groups [1].
EUTOS score was able to assign high and low-risk groups
of CML patients according to CCyR after 18 months of
imatinib treatment [3]. Neither Hasford nor EUTOS score
(derived using patients treated solely with imatinib) was able
to predict molecular response and they were not intended
to. There were not significant differences in achieving CCyR
by 18 months between Hasford low and intermediate-risk
groups patients treated with interferon alpha in large studies
[9]. But they proved significantly higher probability of 10-
year overall survival of low risk comparing to intermediate-
risk patients [9]. We are aware of Hasford score limited
usefulness in predicting MMR. As the Hasford metric was
designed for assessing patients treated with interferon alpha,
we found our results to be interesting and to be relevant
to the discussion on optimizing scoring systems in chronic
myeloid leukemia patients. If the observed difference between
low and intermediate-risk patients in maintaining MMR on
imatinib is confirmed, IR patients will become candidates
for different first line treatment. Despite clinical studies,
the choice between imatinib and second-generation TKI as
the first line treatment remains an issue. Our results (if
confirmed) promise to directly impact treatment decisions
affecting IR patients.
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