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Summary

Introduction: Following failure or loss of response to imatinib in pa-
tients with chronic myeloid leukemia, selecting optimal second-line
therapy and predicting treatment response are clinically important.
This study aimed to evaluate the Hammersmith prognostic score as a
predictor of cytogenetic and molecular response during second-line
nilotinib treatment.

Methods: This retrospective study included 89 patients with chron-
ic-phase chronic myeloid leukemia who experienced treatment fail-
ure or loss of response during standard-dose imatinib therapy. In the
second-line setting, 34 patients received escalated-dose imatinib at
800 mg daily, while 55 received nilotinib at 800 mg daily. Clinical and
laboratory parameters, cytogenetic and molecular responses, prog-
nostic scores, adverse events, and survival outcomes were analyzed.

Results: Primary imatinib failure occurred in 35/89 patients (39%),
while secondary failure was recorded in 54/89 patients (61%). Com-
plete cytogenetic response during second-line therapy was achieved
in 76.5% of patients receiving escalated-dose imatinib and 76.4% of
those receiving nilotinib. In the nilotinib group, complete cytogenetic
response was associated with higher hemoglobin levels, lower leuko-
cyte counts and lactate dehydrogenase levels, and less pronounced
hepatosplenomegaly. The Hammersmith score was the most signifi-
cant independent predictor of cytogenetic and molecular response
to nilotinib (HR 2.977; 95% Cl 1.061-8.353; p=0.038).

Conclusion: The Hammersmith prognostic score is a simple, clinically
useful tool for identifying patients more likely to achieve complete
cytogenetic and molecular responses to second-line nilotinib after
imatinib failure.

Keywords: chronic myeloid leukemia, nilotinib, Hammersmith score,
cytogenetic response, imatinib

Cite this article as: Lekovic D, Arsenovic |, Tanovic , Jovanovic J, Djordjevic V, Lemajic N et al. Hammersmith Prognostic Score as a predictor of cytogenetic and molecular response to second-line therapy in chronic
myeloid leukemia; Medicinska istrazivanja 2026; DOI: 10.5937/medi0-59536

E-ISSN 0301-0619

|] 'D https://medicalresearch.med.bg.ac.rs/ [1


mailto:danijela.lekovic%40yahoo.com?subject=
https://orcid.org/0000-0002-6194-8298
https://orcid.org/0009-0009-9243-3615
https://orcid.org/0009-0005-7978-020X
https://orcid.org/0009-0001-6092-9116
https://orcid.org/0009-0009-1763-0598
https://orcid.org/0009-0004-2332-7265
https://orcid.org/0009-0008-6844-2602
https://orcid.org/0009-0005-5846-3547
https://orcid.org/0009-0007-7529-5172
https://orcid.org/0000-0002-8288-7308
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://medicalresearch.med.bg.ac.rs/
https://medicalresearch.med.bg.ac.rs/

Medicinska istraZivanja 2026

INTRODUCTION

Chronic myeloid leukemia (CML) is a clonal myelopro-
liferative neoplasm characterized by the presence of the
Philadelphia chromosome and the BCR::ABLI fusion
oncoprotein tyrosine kinase. The introduction of tyro-
sine kinase inhibitors (TKIs) represents one of the most
important milestones in modern hematology, transform-
ing CML from a disease with limited therapeutic options
into a chronic condition for many patients. Imatinib, the
first selective BCR::ABLI tyrosine kinase inhibitor, es-
tablished the basis of targeted therapy and significantly
improved hematologic, cytogenetic, and molecular re-
sponses, as well as overall survival in patients with chron-
ic-phase disease (1,2).

Despite the long-term efficacy of imatinib, some pa-
tients develop primary treatment failure, loss of a previ-
ously achieved response, or drug intolerance. According
to current recommendations, treatment response in CML
is assessed by monitoring defined therapeutic milestones
at specified time points, particularly the molecular re-
sponse expressed as the BCR::ABLI transcriptlevel on the
International Scale. Failure to meet treatment milestones,
a confirmed increase in BCR::ABLI transcripts, loss of
cytogenetic or molecular response, and the emergence of
BCR::ABL1I kinase-domain mutations indicate the need
for reassessment of the therapeutic approach (2,3).

In patients with imatinib failure, the choice of sec-
ond-line therapy is a particularly important clinical
challenge. Second-generation TKIs, including nilotinib
and dasatinib, have demonstrated substantial efficacy in
patients with chronic-phase CML who were previously
resistant or intolerant to imatinib. Nilotinib is a more po-
tent BCR::ABLI tyrosine kinase inhibitor than imatinib
and is a standard therapeutic option after prior treatment
failure. However, the response to second-line nilotinib
is not uniform, and some patients do not achieve opti-
mal cytogenetic and/or molecular responses. Therefore,
identifying clinical, laboratory, and prognostic factors
that may help estimate the probability of response before
or shortly after starting second-line therapy is of particu-
lar importance (4,5).

In clinical practice, the choice of the next TKI de-
pends not only on drug efficacy but also on patient char-
acteristics, comorbidities, prior toxicity, adverse event
profile, adherence, mutation status, and the depth of the
previously achieved response. The modern approach to
CML treatment increasingly entails individualized ther-
apy, aiming not only for hematologic and cytogenetic re-
sponses but also for a deep molecular response, prolonged
progression-free survival, and, in selected patients, po-
tential treatment discontinuation after a sustained stable
deep molecular remission (3). Nevertheless, in patients
who have already experienced imatinib failure, an early
and reliable estimate of the probability of response to sec-
ond-line therapy remains highly important, as it enables

timely identification of patients who require closer mon-
itoring and consideration of other treatment modalities.

Cytogeneticresponse played a central role in assessing
treatment efficacy before the imatinib era. The introduc-
tion of TKIs established a new treatment goal: achieve-
ment of a molecular response. Achievement of complete
cytogenetic and molecular responses in the second-line
setting is associated with more favorable outcomes and a
lower risk of disease progression; therefore, predictors of
both responses have considerable clinical value (4,6).

The Hammersmith prognostic score was developed
to estimate the probability of response to second-gener-
ation TKIs in patients with CML who have failed imati-
nib. This score integrates clinical and treatment-related
parameters associated with an unfavorable outcome, in-
cluding previous response to imatinib, disease phase, and
other characteristics that may indicate a more aggressive
biological course or a lower probability of response to
subsequent therapy. Previous studies have suggested that
the Hammersmith score may predict response to sec-
ond-generation TKIs. Still, its applicability in real-world
clinical practice and during long-term follow-up requires
further validation (6,7).

Real-world clinical studies are particularly valuable
because they include more heterogeneous patient popu-
lations than clinical trials, including patients of different
ages, disease durations, comorbidities, and prior treat-
ment responses. Such data may provide insight into the
actual effectiveness and clinical utility of individual prog-
nostic models. In this context, analysis of the long-term
experience at a single center may contribute to a better
understanding of factors influencing the response to ni-
lotinib after imatinib failure.

This study aimed to assess clinical outcomes in pa-
tients with chronic-phase CML after failure or loss of
response to imatinib, with particular emphasis on the
Hammersmith prognostic score as a predictor of com-
plete cytogenetic and molecular responses to nilotinib
administered as second-line therapy.

MATERIALS AND METHODS
Study Design and Patients

A retrospective single-center study was conducted in pa-
tients with chronic-phase CML who experienced treat-
ment failure or loss of a previously achieved response
during therapy with standard-dose imatinib (400 mg
daily). Patients were diagnosed, treated, and followed at
the Clinic of Hematology, University Clinical Center of
Serbia, between January 2003 and June 2019.

The analysis included patients with available data on
baseline clinical and laboratory characteristics, treat-
ment course, cytogenetic and molecular responses, and
treatment outcomes. Patients lacking data required to
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assess treatment response, as well as those in whom the
type of imatinib failure could not be reliably determined,
were excluded.

Clinical Assessment and Treatment Protocol

All patients underwent an initial assessment that includ-
ed medical history, physical examination, performance
status assessment, complete blood count with differen-
tial, standard biochemical tests, clinical and ultrasono-
graphic assessment of liver and spleen size, morpholog-
ical analysis of the bone marrow aspirate, conventional
cytogenetic analysis, and quantitative PCR measurement
of BCR::ABLI transcripts.

Patients presenting with aleukocyte count >50 x 10%/L
initially received short-term cytoreductive therapy with
hydroxyurea, at a dose adjusted to the leukocyte count,
together with appropriate hydration and allopurinol.

In the first-line setting, all patients were treated with
standard-dose imatinib (400 mg daily). Following failure
of standard-dose imatinib, second-line treatment was se-
lected in accordance with the therapeutic options avail-
able at the time and prevailing clinical practice. Some
patients received escalated-dose imatinib (800 mg daily)
administered as two 400-mg doses, while the remaining
patients received nilotinib at a total daily dose of 800 mg,
also administered as two 400-mg doses.

In cases of resistance to both TKIs available in our
country, further treatment was determined based on the
patient’s age and comorbidities. It included allogeneic
hematopoietic stem cell transplantation or cytoreductive
therapy with hydroxyurea. Patients whose disease trans-
formed to blast crisis received chemotherapy adapted to
age and comorbidities, after which allogeneic hematopoi-
etic stem cell transplantation was considered depending
on the response achieved.

Primary imatinib failure was defined as failure to
achieve the expected hematologic, cytogenetic, or mo-
lecular response according to European LeukemiaNet
(ELN) recommendations. Secondary failure was defined
as loss of a previously achieved complete hematologic
response, complete cytogenetic response, or major mo-
lecular response, as well as the emergence of additional
cytogenetic abnormalities in the Philadelphia chromo-
some-positive clone.

Biochemical Analyses

Biochemical analyses were performed as part of routine
clinical assessment and follow-up. Parameters of liver
and kidney function, lactate dehydrogenase, uric acid,
electrolytes, and other available biochemical parameters
relevant to disease activity, general condition, and treat-
ment safety were analyzed. Particular attention was paid
to lactate dehydrogenase levels because of their potential
prognostic significance for treatment response.

Assessment of Treatment Response

Treatment response was assessed based on hematologic,
cytogenetic, and molecular responses in accordance with
the European LeukemiaNet (ELN) recommendations
applicable to the respective follow-up period.

Complete hematologic response was defined as nor-
malization of the blood count with no clinical signs of ac-
tive disease, including no palpable splenomegaly.

Cytogenetic response was assessed by convention-
al cytogenetic analysis of bone marrow metaphases and
classified as complete, partial, minor, or minimal, or as
no cytogenetic response. Complete cytogenetic response
was defined as the absence of Philadelphia chromo-
some-positive metaphases, that is, 0% Ph-positive meta-
phases in the analyzed sample.

Molecular response was assessed by quantitative PCR
measurement of BCR::ABLI transcript levels. Molecular
responses were classified as major molecular response
(MR3/MMR) and deeper molecular responses (MR4
and MR4.5).

Prognostic Scores

Initial prognostic assessment was performed using the
available prognostic systems, including the Sokal, Has-
ford/Euro, EUTOS, and ELTS scores. The Hammer-
smith prognostic score was additionally calculated for
patients receiving second-line therapy.

The Hammersmith score was determined from
the corrected Sokal risk, the best cytogenetic response
achieved during prior imatinib treatment, and the pres-
ence of recurrent grade III or IV neutropenia during ima-
tinib therapy.

The primary objective of the analysis was to assess the
association between the Hammersmith prognostic score
and achievement of cytogenetic and molecular responses
in patients receiving second-line therapy.

Statistical Analysis

Descriptive statistics were used to present baseline clin-
ical, laboratory, and treatment characteristics. Continu-
ous variables were expressed as the mean with standard
deviation or the median with range or interquartile range,
depending on the data distribution. Categorical variables
were presented as absolute numbers and percentages.
Normality of distribution was assessed using the Kolm-
ogorov—-Smirnov test.

Between-group comparisons were performed using
appropriate parametric or nonparametric tests for contin-
uous variables. Categorical variables were compared using
the chi-square test or Fisher’s exact test, depending on sam-
ple size and expected frequencies. Survival was estimated
using the Kaplan—Meier method, and between-group dif-
ferences were analyzed using the log-rank test.
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Regression analysis was used to identify factors asso-
ciated with treatment outcome and achievement of com-
plete cytogenetic response. Cox regression analysis was
used to assess variables associated with time to event,
including treatment failure and survival. A p value <0.05
was considered statistically significant.

Statistical analysis was performed using SPSS soft-
ware (SPSS for Windows, release 21.0; SPSS, Chicago,
IL, USA).

Ethical Considerations

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. It was reviewed and
approved by the Ethics Committee of the University
Clinical Center of Serbia (approval no. 499/5, dated No-
vember 30, 2021). Given the retrospective study design
and the use of anonymized medical-record data, the re-
quirement for individual informed consent was waived
by the competent Ethics Committee.

RESULTS
Baseline Characteristics of the Study Cohort

The study included 89 patients with CML who experi-
enced treatment failure or loss of a previously achieved
response during therapy with standard-dose imatinib
(400 mg daily). The cohort comprised S5 men (61.8%)
and 34 women (38.2%), with a median age of 47 years.
Splenomegaly was present in 70 patients (78.7%). Accord-
ing to the ELTS prognostic model, 41 patients (46.1%)
were classified as low risk, 33 (37.1%) as intermediate

risk, and 15 (16.9%) as high risk. Additional cytogenetic
abnormalities were present in eight patients (9.0%), while
a variant translocation at diagnosis was recorded in five
(5.6%). Baseline clinical and laboratory characteristics
are presented in Table 1.

Response to Standard-Dose Imatinib and Type of
Treatment Failure

During treatment with standard-dose imatinib (400
mg daily), complete cytogenetic response was the best
response achieved in 34 patients (38.2%), major cyto-
genetic response in 20 (22.5%), and minor cytogenetic
response in 10 (11.2%). In contrast, 25 patients (28.1%)
achieved no cytogenetic response. Loss of the best pre-
viously achieved cytogenetic response during contin-
ued treatment was recorded in 44 patients (49.4%): 33
(75.0%) lost a complete response, 8 (18.2%) a major re-
sponse, and 3 (6.8%) a minor response.

According to the ELN criteria in effect during the
study period, primary imatinib failure was recorded in
3S patients (39.3%), whereas secondary failure was re-
corded in 54 (60.7%). Secondary failure included loss of
a previously achieved hematologic, cytogenetic, or mo-
lecular response, as well as the emergence of addition-
al cytogenetic abnormalities in the Ph-positive clone.
Compared with patients with secondary failure, those
with primary failure had a significantly higher leuko-
cyte count, more frequent leukocytosis >200 x 10%/L, a
higher percentage of peripheral-blood blasts, and a larger
spleen diameter. Primary failure was significantly more
frequent among patients classified as high risk by the
Sokal and ELTS models. In contrast, in multivariable
Coxregression analysis, the Sokal model emerged as the

Table 1. Clinical and laboratory characteristics at diagnosis of patients with CML who experienced failure or loss of response during stan-

dard-dose imatinib therapy

Characteristics x+SD /n (%) Median (range)
Age (years) 47+2 46 (18-69)

Sex, M/F, n 55/34 —

Liver diameter (mm) 148 £3 140 (110-240)
Spleen diameter (mm) 181+ 6 188 (92-320)
Hemoglobin (g/L) 120+2 119 (61-170)
Leukocyte count (x10%/L) 181 + 14 143 (15.7-598)
Platelet count (x10%/L) 519+ 36 418 (105-1763)
Peripheral-blood eosinophils (%) 2+0.2 1(0-11)
Peripheral-blood basophils (%) 4+£0.4 3 (0-16)
Peripheral-blood blasts (%) 3+0.6 2 (0-14)

LDH (U/L) * 1502+ 77 1444 (353-4295)
Presence of CCA*/Ph+, n (%) 3(3.4) —

Presence of CCA*/Ph—, n (%) 3(3.4) —

Presence of CCA*/Ph—/Ph+, n (%) 2(2.2) —

Variant translocation, n (%) 5(5.6) —

*CCA, clonal cytogenetic abnormalities; Ph+, Philadelphia-positive clone; Ph—, Philadelphia-negative clone
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Table 2. Differences in characteristics between Group A patients with primary failure and Group B patients with secondary failure (imatinib

400 mg), according to ELN criteria

Group A - Primary failure

Group B - Secundary failure P value

Imatinib 400 mg daily, N (%) 35(39) 54 (61)
Age (years), median (IQR) 46 (17) 48 (19) 0.849
Sex (M/F) 23/12 33/21 0.661
Hemoglobin level (g/L) 114+3 1263 0.073
Leukocyte count (x10%/L) 242 +24 139 £ 16 0.019
Leukocyte count >200x10%/L 19/35 (54.3%) 14/54 (25.9%) 0.012
Platelet count (x10%/L) 548 £ 58 441 £ 56 0.290
Peripheral-blood blasts (%) 4.4+0.7 1.6+0.4 0.002
Serum lactate dehydrogenase (U/L) 1598 £128 1436 + 101 0.361
Spleen size (cm) 20.5+1 159+0.8 0.004
Additional cytogenetic abnormalities
Initially 6/35 (17.1) 5/54(9.3) 0.270
During monitoring 10/35 (28.6) 12/54 (22.2) 0.498
Sokal score 0.001
Low 4/35 (11.4) 19/54 (35.1)
Intermediate 12/35 (34.3) 25/54 (46.3)
High 19/35 (54.3) 10/54 (18.5)
Hasford score 0.072
Low 11/35 (31.4) 25/54 (46.3)
Intermediate 16/35 (45.7) 25/54 (46.3)
High 8/35 (22.8) 4/54 (9.4)
EUTOS score 0.105
Low 27/35(77.1) 44/54 (81.5)
High 8/35 (22.8) 10/54 (18.5)
ELTS score 0.007
Low 10/35 (28.6) 31/54 (57.4)
Intermediate 17/35 (48.6) 18/54 (33.3)
High 8/35(22.8) 5/54(9.2)
Survival duration, median (range), months 68 (12-131) 93 (27-177) 0.005
Death, N (%) 8/35 15/54 0.604

most significant independent predictor of primary imati-
nib failure (Table 2).

Distribution of Patients According to Second-Line
Therapy

In the second-line setting, 34 patients (38.2%) received
escalated-dose imatinib (800 mg daily), while 55 (61.8%)
received nilotinib at a total daily dose of 800 mg. Both
options were available for patients with primary or sec-
ondary failure of standard-dose imatinib, and treatment
selection was based on the recommendations in force at
the time, drug availability, and individual clinical assess-
ment. There were no statistically significant differences
between the treatment groups in age, sex distribution,
time to initiation of second-line therapy, or the percent-
age of Ph-positive metaphases at second-line initiation.
This supports comparability of the groups for these base-
line characteristics and reduces the possibility that ob-
served outcome differences resulted from selection bias.

Cytogenetic and Molecular Responses
to Second-Line Therapy

A complete cytogenetic response in the second-line setting
was achieved by 26/34 patients (76.5%) treated with esca-
lated-dose imatinib and 42/55 patients (76.4%) treated
with nilotinib. The median time to complete cytogenetic
response was 6 months. The cumulative type of cytoge-
netic response did not differ significantly between patients
treated with imatinib 800 mg and those treated with nilo-
tinib. Time to a secondary complete cytogenetic response
also did not differ significantly between the groups.

The duration of the secondary complete cytogenetic
response was significantly longer in patients treated with
escalated-dose imatinib than in those treated with nilo-
tinib, as was the duration of follow-up.

Cytogenetic response to second-line therapy, strat-
ified by the type of failure during prior imatinib treat-
ment, is shown in Table 3. Patients with primary imati-
nib failure had a less favorable cytogenetic response to
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Table 3. Cytogenetic response according to the second-line treatment used and the type of failure during standard-dose imatinib therapy

Parameter Primary failure with IM 400 mg Secondary failure with IM 400 mg
N (%) N (%)

Response to second-line therapy* IM dose escalation Nilotinib IM dose escalation Nilotinib
CCgR 8 (66.6) 12 (52.2) 18 (81.8) 30(93.7)
PCgR 0 3(13) 0 0
NR 4(33.4) 8 (34.8) 4(18.2) 2(6.3)

Total, N 12 23 22 32

second-line therapy than those with secondary failure.
Complete cytogenetic response was achieved by 20/35
patients (57.1%) with primary failure compared with
48/54 (88.9%) with secondary failure. No response was
recorded in 12/3$ patients (34.3%) with primary failure
and 6/54 (11.1%) with secondary failure.

Second-line nilotinib was better tolerated than es-
calated-dose imatinib to 800 mg, primarily due to low-
er hematologic and nonhematologic toxicity. Subjective
adverse reactions were recorded in 8/55 patients (14.5%)
receiving nilotinib and 12/34 (35.3%) receiving imati-
nib (p=0.023), objective reactions in 10/55 (18.2%) and
14/34 (41.2%), respectively (p=0.018), and laboratory
abnormalities in 24/55 (43.6%) and 27/34 (79.4%), re-
spectively (p=0.001). Imatinib was more often associat-
ed with nausea, edema, and hematologic toxicity, whereas
skin changes, increased lipase levels, and cardiometabolic
complications were more frequently recorded with nilo-
tinib. Cardiovascular complications were numerically
more frequent with nilotinib (21/55; 38.2%) than with
imatinib (9/34; 26.5%), but the difference was not statis-
tically significant (p=0.256).

Kaplan—Meier analysis showed no statistically signif-
icant difference in survival between patients treated with
nilotinib and those receiving escalated-dose imatinib
800 mg (p=0.697). Descriptively, the survival curve for
patients treated with escalated-dose imatinib remained
above that for patients treated with nilotinib during most
of follow-up. Still, this difference was not statistically sig-
nificant (Figure 3).

Predictors of Complete Cytogenetic Response to
Nilotinib

Among patients receiving second-line nilotinib, factors
associated with achievement of complete cytogenetic re-
sponse were analyzed. Differences in patient character-
istics according to cytogenetic response achieved during
nilotinib treatment are presented in Table 4.

Age did not differ significantly between patients who
achieved a complete cytogenetic response and those with
treatment failure. Time to initiation of second-line ni-
lotinib also did not differ significantly between the two
groups.

The median age of patients who achieved CCgR with
second-line nilotinib was 45 years, compared with 54

years among those with treatment failure; this difference
was not statistically significant. Patients who achieved
CCgR had significantly higher hemoglobin levels (125 +
3vs. 111 £ 5 g/L), lower leukocyte counts (157 £ 21 vs.
269 + 40 x 10°/L), and lower serum LDH levels (1290 +
100 vs. 2093 + 273 U/L). Patients with treatment failure
had larger liver (16.2 + 0.8 vs. 14.0 + 0.4 cm) and spleen
dimensions (22.5 + 1.5 vs. 16.7 + 0.8 cm), while all prog-
nostic scores were significant predictors of response
to nilotinib. Patients who achieved CCgR had a mean
proportion of Ph-positive metaphases of 53 + 6%, com-
pared with 80 + 8% in those with failure; >70% Ph-posi-
tive metaphases were recorded in 35.7% of patients with
CCgR and 84.6% of those with failure.

All analyzed prognostic scores were significant pre-
dictors of response to nilotinib. In the treatment-failure
group, 92.3% of patients were in the intermediate- or
high-risk Sokal categories, compared with 50.0% of those
who achieved CCgR (p=0.010). High risk according to
the Hasford score was present in 46.1% of patients with
failure and 7.1% of those with CCgR (p=0.003); the cor-
responding proportions were 38.6% and 11.9% for EU-
TOS (p=0.009), and 38.4% and 9.5% for ELTS (p=0.005)
(Table 4).

Hammersmith Score and Response to Nilotinib

According to the Hammersmith prognostic score, 23 pa-
tients (41.8%) were classified as low risk, 19 (34.5%) as
intermediate risk, and 13 (23.6%) as high risk. A clear as-
sociation was observed between the Hammersmith score
and the probability of achieving a complete cytogenetic
response during nilotinib therapy. The cumulative inci-
dence of complete cytogenetic response during nilotinib
treatment differed significantly across Hammersmith
risk groups (Figure 2).

Deep molecular response, defined as MR4-MR4.5,
showed a decreasing trend as Hammersmith risk in-
creased. MR4-MR4.S was achieved by 54.5% of low-risk
patients, 36.8% of intermediate-risk patients, and 15.4% of
high-risk patients according to the Hammersmith score.

All three variables underlying the Hammersmith
prognostic model were significant predictors of complete
cytogenetic response during nilotinib therapy. The cor-
rected Sokal score was significantly associated with the
cumulative incidence of complete cytogenetic response.
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Figure 1. Cumulative incidence of CCgR during second-line nilotinib therapy according to the best cytogenetic response achieved with

standard-dose imatinib in the first-line setting

Table 4. Differences in patient characteristics according to the cytogenetic response achieved during second-line nilotinib 800 mg therapy

Characteristics Group A Group B P
CCgR Failure
42 patients 13 patients

Age (years), median (IQR) 45 (20) 54 (27) 0.682
Sex (M/F) 22/20 9/4 0.284
Hemoglobin level (g/L) 125+3 111 £S5 0.024
Leukocyte count (x10%/L) 157 £21 269 +40 0.011
Leukocyte count >200x10%/L 11/42 (26.2%) 9/13 (69.2%) 0.006
Platelet count (x10%/L) S11+52 507 + 87 0.870
Peripheral-blood blasts (%) 2.5+£0.4 4.5+1.2 0.083
Serum lactate dehydrogenase (U/L) 1290 £ 100 2093 +£273 0.001
Liver size (cm) 14+0.4 16.2+0.8 0.022
Spleen size (cm) 16.7+£0.8 22.5+1.5 0.001
Additional CA* in the Ph+ clone, N (%) 4/42 (9.5) 2/13 (15.4) 0.554
Sokal score 0.010

Low 21/42 (50) 1/13 (7.7)

Intermediate—high 21/42 (50) 12/13 (92.3)
Hasford score 0.003

Low 22/42 (52.4) 2/13 (15.4)

Intermediate 17/42 (40.5) 5/13 (38.5)

High 3/42(7.1) 6/13 (46.1)
EUTOS score 0.009

Low 37/42 (88.1) 8/13 (61.5)

High 5/42 (11.9) 5/13 (38.6)
ELTS score 0.005

Low 24/42 (57.2) 2/13 (15.4)

Intermediate 14/42 (33.3) 6/13 (46.2)

High 4/42 (9.5) 5/13 (38.4)
Survival duration, median (range), months 93 (27-177) 68 (12-131) <0.001
Death, N (%) 4/42 7/13 <0.001

|7



Medicinska istraZivanja 2026

1,0 m
1 ]
L
'-
i CCgR
— L]
§ 0,8 ": | —tt
] g
2 '
£ oa AP N,
a 0,6 ' ‘e :
o NR 1
2 R — $mmmman -+
B 0,4
]
£
=
o P<0,001
0,2
0,0 T T T T T T T T T
0 24 48 72 96 120 144 168 192
Months

Figure 2. Kaplan-Meier survival curve according to response during second-line nilotinib 800 mg therapy in patients with CML

The best cytogenetic response to prior imatinib treat-
ment was also associated with a response to nilotinib, and
recurrent grade III/IV neutropenia during prior imati-
nib therapy was a statistically significant predictor of re-
sponse to nilotinib.

In Cox regression analysis, the Hammersmith prog-
nostic model emerged as the most significant predictor of
response to second-line nilotinib. In univariable analysis,
the Sokal, Hasford, EUTOS, ELTS, and Hammersmith
scores were significant, while in multivariable analysis
the Hammersmith score remained an independently sig-
nificant predictor of response to nilotinib (Table 5).

Long-Term Outcomes and Survival

At the study cut-off, of the 89 patients, 17 (19.1%) were re-
ceiving escalated-dose imatinib, 45 (50.6%) were receiv-
ing nilotinib, 4 (4.5%) were in remission after allogeneic
hematopoietic stem cell transplantation, and 1 female pa-
tient (1.1%) was receiving hydroxyurea. At the same time,
a donor registry search was ongoing. Death was recorded
in 22 patients (24.7%).

Median overall survival in the entire cohort was 173
months (95% CI, 150-195). Five-year overall survival
was 76.9%, while seven-year overall survival was 61.0%.
Patients with primary imatinib failure had shorter mean
survival than those with secondary failure, although the
difference was not statistically significant.

Achievement of complete cytogenetic response
during second-line nilotinib therapy was associated with
significantly longer survival. Patients who achieved com-
plete cytogenetic response had significantly longer sur-
vival than those without a response, as shown by the Ka-
plan-Meier survival curve (Figure 2). Mean survival was
230 months among patients treated with escalated-dose
imatinib in the second-line setting and 154 months
among those treated with nilotinib, with no statistically
significant difference between the treatment modalities.

DISCUSSION

This retrospective single-center cohort study analyzed
long-term outcomes in patients with chronic-phase CML

Table S. Univariable and multivariable Cox regression analysis of prognostic scores significant for response to second-line nilotinib therapy

Prognostic model Univariable Multivariable
Exp (B) 95%CI p Exp (B) 95%CI p
Sokal 4.242 1.156-9.348 0.042
Hasford 4.416 1.816-10.734 0.001
EUTOS 2.227 1.281-4.050 0.00S8
ELTS 5.072 1.780-14.445 0.002
Hammersmith §.111 2.170-11.880 <0.001 2.977 1.061-8.353 0.038
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Figure 3. Kaplan-Meier survival curve according to the treatment modality used in the second-line setting in patients with CML

who experienced failure or loss of response during stan-
dard-dose imatinib therapy. The main working hypoth-
esis was that clinically available prognostic parameters
could help predict response to second-line treatment.
The principal finding was that the Hammersmith prog-
nostic score emerged as an independent predictor of com-
plete cytogenetic and molecular responses. This finding
is clinically relevant because the score is based on param-
eters available in routine practice and may help identify
patients with a higher probability of a favorable response
after imatinib failure.

The analyzed group represents a selected population
with a less favorable disease course, because the study
included only patients with failure or loss of response to
first-line imatinib. Within this group, patients with pri-
mary imatinib failure had more pronounced clinical and
laboratory indicators of disease burden and were more
frequently classified in high-risk prognostic categories.
In our study, the prognostic scores clearly distinguished
between low- and high-risk patients based on the proba-
bility of achieving a complete molecular response. This
is consistent with the concept that primary imatinib re-
sistance often reflects more aggressive disease biology, a
greater initial leukemic-clone burden, and a lower prob-
ability of achieving an optimal response to subsequent
therapy. Current recommendations therefore emphasize
dynamic monitoring of treatment response rather than
exclusive reliance on baseline prognostic scores (2,3).

The overall efficacy of second-line therapy in our
study was similar in patients treated with escalated-dose
imatinib and those treated with nilotinib. This finding
should be interpreted cautiously given the retrospective
design, lack of randomization, and the long follow-up

period during which drug availability, criteria for switch-
ing therapy, and molecular monitoring capabilities
changed. During the earlier TKI era, imatinib dose esca-
lation was a viable therapeutic option for some patients.
In contrast, current practice in cases of confirmed re-
sistance more often involves switching to an alternative
TKI, with mandatory consideration of BCR::ABLI muta-
tion status, prior toxicity, and comorbidities (2,3).

Among patients treated with nilotinib, complete cyto-
genetic response was more frequent in those with a lower
disease burden at second-line initiation. Higher hemo-
globin, lower leukocyte counts, lower LDH levels, less
pronounced hepatosplenomegaly, and a lower percentage
of Ph-positive metaphases indicate lower disease activity
and better-preserved hematopoiesis, which may explain
the higher probability of response to nilotinib. These re-
sults are consistent with previous studies showing that re-
sponse to second-generation TKIs after imatinib failure
can be predicted by a combination of disease characteris-
tics before second-line initiation and the early kinetics of
cytogenetic response (4,6).

A particularly important finding was that achieving
a complete cytogenetic response during nilotinib ther-
apy was associated with improved long-term survival.
Although molecular monitoring is now the gold stan-
dard for CML follow-up, cytogenetic response played
a central role in assessing treatment efficacy during the
period covered by this study. Therefore, the cytogenet-
ic and molecular responses in this study represent rele-
vant, clinically interpretable indicators of disease control.
Current ELN recommendations indicate that treatment
response should be interpreted according to definitions
of optimal response; an increase in BCR::ABLI and loss
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of cytogenetic and/or molecular response require further
assessment, including cytogenetic analysis and mutation
testing when indicated (3).

In our analysis, the Hammersmith score showed
greater predictive value than the other prognostic scores.
This may be explained by the fact that it assesses not
only baseline disease risk but also the previous treatment
course, including the best cytogenetic response achieved
with imatinib and the occurrence of recurrent severe
neutropenia during prior treatment. Thus, the Ham-
mersmith score simultaneously reflects the biological
aggressiveness of the disease, the sensitivity of the leuke-
mic clone to TKIs, and the tolerance to previous therapy.
Our results are consistent with those of Milojkovic et al.,
who showed that response to second-generation TKIs
after imatinib failure can be predicted before and early
during treatment, and with the findings of Breccia et al.,
who indicated that the Hammersmith score can identify
patients with an unfavorable prognosis before initiation
of a second-generation TKI (6,7).

The clinical value of the Hammersmith score in our
study lies in its clear discrimination of patients based
on the probability of achieving a complete cytogenetic
response to nilotinib. Low-risk patients had a clearly fa-
vorable response, whereas response was substantially less
frequent among high-risk patients. This finding suggests
that the score may be a useful additional tool in assessing
patients after imatinib failure (3).

CONCLUSION

In patients with chronic-phase CML after failure or loss
of response to standard-dose imatinib, no difference was
observed in the frequency of cytogenetic and molecular
responses between those treated with escalated-dose ima-
tinib and those treated with nilotinib in the second-line
setting. Patients with primary failure had a significantly

lower frequency of complete cytogenetic response and a
higher frequency of no response during second-line treat-
ment. Escalated-dose imatinib more frequently resulted
in complete cytogenetic response among patients with
primary failure, whereas nilotinib was more successful
among those with secondary failure. The percentage of
Ph-positive metaphases at treatment initiation was a sig-
nificant predictor of response to second-line nilotinib.

The Hammersmith prognostic score proved to be the
most significant independent predictor of molecular and
cytogenetic responses to second-line nilotinib. Its value
lies in the ability to identify, using clinically available pa-
rameters, patients with a higher probability of a favorable
response after imatinib failure. It also clearly identifies
high-risk patients who may fail a second-generation TKI;
in such cases, a third-generation TKI or, for eligible pa-
tients, allogeneic hematopoietic stem cell transplantation
should be considered. In current clinical practice, this
score may be a useful additional tool when planning sec-
ond-line therapy.
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HAMMERSMITH PROGNOSTICKI SKOR KAO PREDIKTOR CITOGENETSKOG
| MOLEKULARNOG ODGOVORA DRUGE TERAPIJSKE LINIJE U HRONICNO)J

MIJELOIDNOJ LEUKEMUI

Danijela Lekovic¢'?, Isidora Arsenovi¢?, Igor Tanovic?, Jelica Jovanovic¢?, Vesna Dordevic?, Nikola Lemaji¢*, Andrijana Kojic?,
Andela Hadzivukovi¢*, Mihailo Smiljanic¢*, Andrija Bogdanovi¢*?

Sazetak

Uvod: Nakon neuspeha ili gubitka odgovora na imatinib
kod bolesnika sa hronicnom mijeloidnom leukemijom,
izbor optimalne druge linije terapije i predvidanje tera-
pijskog odgovora imaju vazan klini¢ki znacaj. Cilj rada
bio je da se proceni znacaj Hammersmith prognostickog
skora kao prediktora citogenetskog i molekularnog od-
govora tokom le¢enja nilotinibom u drugoj liniji.

Metode: Retrospektivno je analizirano 89 bolesnika sa
hronicnom fazom hroni¢ne mijeloidne leukemije kod
kojih je tokom lecenja imatinibom u standardnoj dozi
uocen neuspeh ili gubitak odgovora. U drugoj terapij-
skoj liniji 34 bolesnika le¢ena su eskaliranom dozom
imatiniba od 800 mg dnevno, dok je 55 bolesnika lece-
no nilotinibom u dozi od 800 mg dnevno. Analizirani su
klinicko-laboratorijski parametri, citogenetski i moleku-
larni odgovor, prognosticki skorovi, nezeljeni dogadaji i
prezivljavanje.

Rezultati: Primarni neuspeh imatiniba zabeleZen je kod
35/89 bolesnika (39%), dok je sekundarni neuspeh imalo
54/89 bolesnika (61%). Kompletan citogenetski odgo-
vor u drugoj liniji postiglo je 76,5% bolesnika lecenih
imatinibom u eskaliranoj dozi i 76,4% bolesnika lec¢enih
nilotinibom. U grupi lecenoj nilotinibom, postizanje
kompletnog citogenetskog odgovora bilo je povezano
sa visim vrednostima hemoglobina, nizim brojem leu-
kocita, nizim vrednostima laktat-dehidrogenaze i manje
izrazenom hepatosplenomegalijom. Hammersmith skor
izdvojio se kao najznacajniji nezavisni prediktor citoge-
netskog i molekularnog odgovora na nilotinib (HR 2,977;
95% Cl 1,061-8,353; p=0,038).

Zakljucak: Hammersmith prognosticki skor predstavlja
jednostavan koristan klinicki skor za identifikaciju bole-
snika sa vecom verovatnocom postizanja kompletnog
citogenetskog i molekularnog odgovora na nilotinib u
drugoj liniji terapije nakon neuspeha imatiniba.

Kljuéne reci: hroni¢na mijeloidna leukemija, nilotinib, Hammersmith skor, citogenetski i molekularni odgovor
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