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Abstract

Objective: To compare the efficacy, safety, and progression-free survival (PFS) of nilotinib versus
ponatinib as second-line therapy in chronic-phase chronic myeloid leukemia (CP-CML) patients resistant
or intolerant to imatinib and negative for the T315I mutation.

Methodology: A single-center retrospective -prospective cohort study was conducted between January
2008 and 2023, enrolling 35 CP-CML patients resistant or intolerant to first-line imatinib and confirmed
negative for T315] mutation. Patients received nilotinib or ponatinib per clinical guidelines. The primary
outcomes were major molecular response (MMR) rates and PFS, analyzed using Kaplan—Meier survival
curves with log-rank testing. Adverse events were recorded according to standardized criteria.

Results: Nineteen patients received nilotinib and sixteen received ponatinib. Baseline risk scores were
comparable (p=0.491). After second-line treatment, MMR was achieved in 15.8% of nilotinib patients
and 37.5% of ponatinib patients (p=0.245). PFS showed a numerical trend favoring ponatinib, but
without statistical significance (p=0.743). No deaths occurred during the observation period. Adverse
events included mild allergic reactions in both groups, with thyroiditis observed only in nilotinib-treated
patients and dermatitis in ponatinib-treated patients.

Conclusions: Both nilotinib and ponatinib demonstrated durable disease control as second-line therapies
in imatinib-resistant or intolerant CP-CML patients negative for T315I, with acceptable safety profiles.
While ponatinib showed a trend toward improved PFS, differences were not statistically significant.

Key Words: Gender-Related Characteristics, Chronic Myeloid Leukemia, progression-free survival

Original

Article

Chingiz Asadov?, Aytan Shirinova?
Aypara Hasanova®,

Nigar Karimova?,

Zohra Alimirzoyeva®

1,2,3 National Hematology and Blood

Transfusion Center, Baku, Azerbaijan
“Institute of Genetic Resources, Baku,
Azerbaijan

Address for Correspondence
Dr Aytan Shirinova

National Hematology and Blood
Transfusion Center

Baku, Azerbaijan
medicolisto@yahoo.com

(PFS), Nilotinib, Ponatinib, Second-line therapy

Introduction

Chronic  myeloid leukemia (CML) is a clonal
myeloproliferative neoplasm arising from a reciprocal
translocation between chromosomes 9 and 22—t (9;22)
(g34;911)—that generates the BCR-ABL1 fusion gene, a
constitutively active tyrosine kinase that drives
uncontrolled proliferation of myeloid lineage cells.! This
hallmark molecular lesion, also known as the
Philadelphia chromosome, has transformed CML from a
diagnostic and prognostic enigma into a model for
targeted therapy in oncology.

The introduction of tyrosine kinase inhibitors (TKIs),
beginning with imatinib mesylate, revolutionized CML
therapy, achieving profound cytogenetic and molecular
remissions and transforming patient survival to near-
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normal life expectancy.2® However, despite the
remarkable success of imatinib, clinical resistance or
intolerance develops in approximately 30-40% of
patients, requiring the use of second-line therapies.*®

Second-generation TKIls such as nilotinib and dasatinib
were developed to overcome the limitations of imatinib.
Nilotinib, a structurally modified analog of imatinib,
exhibits higher selectivity and potency against BCR-
ABL1 and is effective in many cases of imatinib
resistance or intolerance—except for mutations such as
T3151, which confer high-level resistance.® Third-
generation TKIs, notably ponatinib, were designed to
overcome even these highly resistant mutations and
have demonstrated robust activity across a broad
mutation spectrum, including the T315| gatekeeper
mutation, which remains refractory to all other approved
TKls.78

While ponatinib’s broad efficacy makes it a potent agent
in refractory settings, its clinical use is tempered by a
notable risk of serious vascular events, including arterial
thrombosis and hypertension, particularly at higher
doses.%1% Dose-adjustment strategies—such as those
tested in the OPTIC trial—have aimed to optimize the
balance between efficacy and safety, but concerns
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persist regarding patient selection and

tolerability.?

long-term

In contrast, nilotinib has a more favorable side-effect
profile in many patients but lacks activity against certain
kinase domain mutations, limiting its utility in mutation-
driven resistance. It is also associated with metabolic
and cardiovascular complications, including QT
prolongation, hyperglycemia, and lipid disturbances,
which must be considered in risk stratification.?

Given these complexities, the choice between nilotinib
and ponatinib as second-line therapy after imatinib failure
is far from straightforward. Factors such as mutation
profile, disease kinetics, cardiovascular risk, treatment
goals, and comorbid conditions must be weighed
carefully. However, direct comparative data between
nilotinib and ponatinib in the second-line setting remain
limited, and there is no universally accepted algorithm for
selecting one over the other in T315I-negative patients.

This article aims to critically review and compare nilotinib
and ponatinib as second-line treatment options in
chronic-phase CML patients who are resistant or
intolerant to imatinib but do not harbor the T315I
mutation. By analyzing key efficacy outcomes, safety
data and clinical decision-making parameters, we seek to
clarify their relative benefits and risks in this important
therapeutic niche.

Methodology

This was a single-center observational study, combining
retrospective and prospective data, to evaluate the
outcomes of nilotinib and ponatinib as second-line
therapies in patients with chronic-phase chronic myeloid
leukemia (CP-CML) following first-line imatinib failure
due to resistance or intolerance. The study was
conducted at the National Hematology and Blood
Transfusion Center, from January 2008 to 2023. Ethical
approval was obtained from the institutional review board
(an approval code was not assigned), and written
informed consent was collected from all prospectively
enrolled patients in accordance with the Declaration of
Helsinki.

Eligible patients were adults aged 18 years or older,
diagnosed with CP-CML based on World Health
Organization 2016/2022 criteria. Inclusion criteria
required documented resistance or intolerance to first-
line imatinib therapy and confirmed absence of the T315I
BCR-ABL1 mutation by standardized molecular testing
before second-line initiation. Patients were excluded if
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they had progressed to accelerated phase or blast crisis,
received more than one prior second- or third-generation
TKI, demonstrated significant organ dysfunction
precluding TKI therapy (defined as left ventricular
ejection fraction <40% or serum creatinine >2.0 mg/dL),
or were pregnant or breastfeeding. Consecutive
sampling was used to minimize selection bias.

In total, 35 patients were analyzed. Limited access to
second-line TKIs in the country before 2019 restricted
the eligible cohort size during the earlier years of the
study. Data were collected retrospectively through
patient medical records between 2008 and 2019, while
prospective enrollment was conducted from 2019
onward. Collected data included demographic
characteristics (mean age * standard deviation, sex
distribution), baseline disease features including Sokal
risk scores, and details of prior imatinib therapy such as
duration and response. Further variables included the
choice of second-line TKI (nilotinib or ponatinib), serial
molecular monitoring results (BCR-ABL1 international
scale at defined timepoints), time to and rates of major
molecular response (MMR), progression-free survival
(PFS), and overall survival (OS). Adverse events were
documented using standard definitions and graded
according to internationally accepted criteria.

Nilotinib was administered orally at 400 mg twice daily,
and ponatinib was initiated at 45 mg once daily with
subsequent dose adjustments based on toxicity and
therapeutic response, in line with OPTIC trial
recommendations. All patients were monitored according
to European LeukemiaNet guidelines, including
scheduled BCR-ABLL1 transcript quantification by real-
time PCR, hematologic assessments, routine
electrocardiography, and metabolic laboratory monitoring
where indicated.

Descriptive statistics summarized baseline
characteristics and treatment outcomes. Continuous
variables were presented as means with standard
deviations or medians with interquartile ranges as
appropriate, and categorical variables as frequencies
with percentages. Response rates were compared using
the Chi-square test or Fisher’'s exact test. Time-to-event
outcomes including PFS and OS were analyzed using
Kaplan—Meier survival curves and compared with the
log-rank test, while Cox proportional hazards regression
was performed to explore the impact of key variables on
survival. A p-value of less than 0.05 was considered
statistically ~ significant. ~ Statistical analyses were
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performed using SPSS software version 31 (IBM Corp.,
Armonk, NY, USA) Ethics Statement: Ethical approval
was granted by the National Hematology and Blood
Transfusion Center Research Committee; however, no
formal approval number was issued according to local
committee procedures.

Results

A total of 35 patients with chronic-phase CML who were
resistant or intolerant to first-line imatinib were included.
Of these, 19 received nilotinib and 16 received ponatinib
as second-line therapy. Baseline characteristics are
summarized in Table I.

In the nilotinib group, there were 4 males (21%) and 15
females (79%), with a mean age of 43 years. According
to the Sokal scoring system, 47% were classified as
intermediate risk and 53% as low risk. The median
duration of prior imatinib treatment was 99.5 months
(range 51-180). Following transition to nilotinib, 3
patients (15.8%) achieved major molecular response
(MMR), while 4 patients (21%) experienced treatment
failure and required third-line therapy. An additional 3
patients (15.8%) showed only hematologic response,
and the remainder demonstrated hematologic
improvement without achieving MMR. Mild allergic
reactions were observed in 2 patients, and thyroiditis
developed in 2 patients.

In the ponatinib group, 6 patients (37.5%) were male and
10 (62.5%) female, with a mean age of 37 years. Sokal
scoring showed 31% intermediate-risk and 69% low-risk
patients. The median duration of prior imatinib therapy

was 90.1 months (range 12-173). After switching to
ponatinib, 6 patients (37.5%) achieved MMR, while 1
patient (6%) failed treatment. Four patients (25%)
achieved only hematologic response, and the remainder
had hematologic improvement. Adverse effects included
mild allergic reactions in 4 patients and dermatitis in 2
patients.

Risk score distributions were comparable between
treatment groups (p=0.491). The difference in MMR rates
following second-line therapy, 15.8% for nilotinib and
37.5% for ponatinib, did not reach statistical significance
(p=0.245).

During the median follow-up of 31 months, no deaths
were recorded in either treatment group, and therefore
median overall survival was not reached, with 100%
survival  probability  maintained throughout the
observation period.

Progression-free survival (PFS), analyzed using the
Kaplan—Meier method (Figure 1), showed a numerical
trend favoring ponatinib, with fewer progression events
observed compared to nilotinib. The nilotinib group
showed a gradual decline in PFS beyond 20 months,
with additional drops over a 60-month period, while the
ponatinib group maintained a relatively stable curve
despite shorter follow-up in some cases. The difference
in PFS between groups was not statistically significant
(p=0.314). Median PFS was not reached in either cohort
within the available follow-up.

Table |: Baseline Characteristics and Treatment Outcomes of Chronic-Phase CML Patients Treated with Second-Line TKiIs.

Parameter

Age, mean (years)

Sex, n (%)

Male

Female

Sokal Risk Score, n (%)

Intermediate

Low

Median prior imatinib treatment duration, months (range)
Mean time to MMR on imatinib, months (range)
MMR achieved after second-line, n (%)
Treatment failure after second-line, n (%)
Hematologic response after second-line, n (%)
Adverse events

Mild allergic reactions

Thyroiditis

Dermatitis

Progression-free survival (log-rank p)

Median overall survival

Deaths during study
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Nilotinib (n=19) Ponatinib (h=16) p-value

43 37 —
4 (21%) 6 (37.5%) —
15 (79%) 10 (62.5%) —

0.491
9 (47%) 5 (31%)
10 (53%) 11 (69%)
99.5 (51-180)  90.1 (12-173) —
86.7 (27-171)  48.2 (12—180) —
3 (15.8%) 6 (37.5%) 0.245
4 (21%) 1 (6%) 0.347
3 (15.8%) 4 (25%) 0.677
2 (11%) 4 (25%) 0.379
2 (11%) 0 0.489
0 2 (12.5%) 0.202
— — 0.743

Not reached
0

Not reached
0
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Figure |. Progression-Free Survival in Chronic-Phase
CML Patients Receiving Second-Line TKiIs.

Overall, both nilotinib and ponatinib demonstrated
durable disease control in most patients receiving
second-line therapy.

Discussion

This retrospective-prospective cohort study compared
the effectiveness, safety, and progression-free survival of
second-line nilotinib versus ponatinib in patients with
chronic-phase chronic myeloid leukemia (CML) who
were resistant or intolerant to first-line imatinib. Both
treatment options provided satisfactory disease control,
and no statistically significant differences were observed
in  major molecular response (MMR) rates or
progression-free survival (PFS) between groups.

Although ponatinib showed a higher proportion of
patients achieving MMR and a numerically favorable
trend in PFS, these differences did not reach statistical
significance, likely due to the small sample size and
limited number of progression events. These findings
partially support the initial hypothesis that ponatinib could
offer superior disease control after imatinib failure;
however, confirmation requires larger cohorts.

Our results align broadly with previous data. The
ENESTnd and ENESTcmr trials have shown nilotinib to
achieve durable molecular responses in chronic-phase
CML with acceptable tolerability profiles.®*2 Nonetheless,
nilotinib lacks efficacy against the T3151 mutation, which
is a key cause of treatment failure.* Conversely,
ponatinib, designed to inhibit even the T315l gatekeeper
mutation, has demonstrated substantial activity against a
wide range of resistant clones, supporting its role in
second-line and beyond settings.8'5 However, the risk of
vascular and thrombotic complications with ponatinib
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remains a concern, leading to adoption of dose-
optimization approaches such as those tested in the
OPTIC trial.1®

Regarding safety, the adverse event profiles observed in
our cohort were consistent with previous studies.1”18 Mild
allergic reactions and thyroiditis were noted in nilotinib-
treated patients, while ponatinib was associated with mild
allergic reactions and dermatologic toxicities. These
patterns emphasize the importance of close safety
monitoring and individualized risk-benefit assessment in
treatment selection.

Our findings underscore the continuing challenges in
choosing second-line therapy after imatinib failure. While
nilotinib remains an appropriate option, especially for
patients with favorable cardiovascular profiles and
without high-risk mutations, ponatinib may be preferred
for patients with complex or compound kinase domain
mutations, provided cardiovascular risk is thoroughly

evaluated and mitigated. International guidelines
increasingly recommend comprehensive molecular
profiing before second-line treatment initiation to

personalize therapy and optimize outcomes.19:20

A key strength of this study is its real-world design
incorporating both retrospective and prospective data
over an extended period. However, limitations include its
single-center nature, small sample size, and the lack of
broad molecular mutation analysis beyond T315I. These
factors may have reduced the power to detect
statistically significant differences and limit
generalizability.

Limitations: Limitations of our study include its single-center nature,
relatively small cohort, absence of comprehensive mutation testing beyond
T315l, and a modest number of progression events limiting statistical power.
Nevertheless, this cohort adds to the limited real-world data comparing these
two agents head-to-head in the second-line setting, particularly among
patients without T315| mutation. Small cohort size partly reflects the limited
availability of second-line tyrosine kinase inhibitors in our country prior to
2019. Many patients were unable to access these agents until more recently,
constraining the number of cases eligible for second-line treatment during the
early phases of the study. This may have affected the statistical power to
detect differences between treatment groups.

Conclusion

This study provides real-world evidence on the outcomes
of nilotinib and ponatinib as second-line therapies for
chronic-phase CML patients resistant or intolerant to
imatinib. Both agents showed acceptable safety profiles
and maintained disease control in most patients, with no
statistically significant differences observed in major
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molecular response rates or progression-free survival.
While ponatinib demonstrated a numerical trend toward
improved disease control, this was not statistically
confirmed, likely due to the small sample size and limited

number

of events. Further multicenter prospective

studies with broader mutation profiling and longer follow-
up are warranted to optimize second-line treatment
strategies in this patient population.

References
Deininger MW, Goldman JM, Melo JV. The molecular biology of chronic
myeloid leukemia. Blood. 2000;96(10):3343-3356.

https://doi.org/10.1182/blood.V96.10.3343

Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, Ford JM, et al.
Efficacy and safety of a specific inhibitor of the BCR-ABL tyrosine
kinase in chronic myeloid leukemia. N Engl J Med. 2001;344(14):1031-
1037. https://doi.org/10.1056/NEJM200104053441401

Hochhaus A, Larson RA, Guilhot F, Radich JP, Branford S, Hughes TP,
Baccarani M, et al. Long-term outcomes of imatinib treatment for
chronic myeloid leukemia. Leukemia. 2017;31(11):2398-2406.

Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2020 update on
diagnosis, therapy and monitoring. Am J Hematol. 2020;95(6):691-709.
https://doi.org/10.1002/ajh.25792

E Jabbour, H Kantarjian, D Jones, M Talpaz, N Bekele, S O'Brien, X
Zhou, et al. Frequency of BCR-ABL kinase domain mutations in patients
with chronic myeloid leukemia: a systematic review. Leukemia.
2006;20(10):1767-1773. https://doi.org/10.1038/sj.leu.2404318

Saglio G, Kim DW, Issaragrisil S, le Coutre P, Etienne G, Lobo C,
Pasquini R, et al. Nilotinib versus imatinib for newly diagnosed chronic
myeloid leukemia. N Engl J Med. 2010;362(24):2251-2259.
https://doi.org/10.1056/NEJM0a0912614

O'Hare T, Shakespeare WC, Zhu X, Eide CA, Rivera VM, Wang F, et al.
AP24534, a pan-BCR-ABL inhibitor for CML including T315l. Cancer
Cell. 2009;16(5):401-412. https:/doi.org/10.1016/j.ccr.2009.09.028
Cortes JE, Kantarjian H, Shah NP, Bixby D, Mauro MJ, Flinn I, O'Hare
T, et al. Ponatinib in refractory Philadelphia chromosome-positive
leukemias. N Engl J  Med.  2013;369(19):1783-1796.
https://doi.org/10.1056/NEJMoa1306494

Kantarjian HM, Kim DW, Pinilla-Ibarz J, €t al. Ponatinib in patients
with Philadelphia chromosome-positive leukemias resistant or intolerant
to dasatinib or nilotinib. Blood. 2015;126(24):2793-2800.

Jabbour E, Apperley J, Cortes J, et al. Dose modification dynamics of
ponatinib in patients with chronic-phase chronic myeloid leukemia (CP-
CML) from the PACE and OPTIC trials. Leukemia. 2024;38(3):475-481.
doi:10.1038/s41375-024-02159-0.

J. Haematol Stem Cell Res. 2025;5(2): 154-158

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Nicolini F-E, Gagnieu M-C, Heiblig M, Blond E, Legros L, Guilemin Y,
Morisset S, et al.. Cardio-vascular events occurring on ponatinib in
chronic phase chronic myeloid leukemia patients: preliminary analysis
of a multicenter  cohort. Blood. 2013;122(21):4020.
doi:10.1182/blood.V122.21.4020.4020.

Kantarjian HM, Giles FJ, Bhalla KN, Pinilla-lbarz J, Larson RA,
Gattermann N, et al. Nilotinib is effective in patients with CML in chronic
phase after imatinib resistance or intolerance: 24-month follow-up.
Blood. 2011;117(4):1141-1145. https://doi.org/10.1182/blood-2010-03-
277152

Hughes TP, Lipton JH, Spector N, Cervantes F, Pasquini R, Clementino
NC, et al. Deep molecular responses achieved with nilotinib in patients
with chronic myeloid leukemia in chronic phase. Leukemia.
2014;28(6):1181-1190. doi: 10.1182/blood-2013-12-544015

Soverini S, Hochhaus A, Nicolini FE, Gruber F, Lange T, Saglio G,
Pane F. BCR-ABL kinase domain mutation analysis in chronic myeloid
leukemia patients treated with tyrosine kinase inhibitors:
recommendations from an expert panel on behalf of European
LeukemiaNet. Blood. 2011 Aug 4;118(5):1208-15. doi: 10.1182/blood-
2010-12-326405.

Huguet F, Réa D, Cayssials E, Etienne G, Nicolini F-E. Dose
optimisation of ponatinib in chronic phase chronic myeloid leukemia.
Leukemia Research Reports. 2023:47:633-639.
doi:10.1080/17474086.2023.2234084.

O'Hare T, Shakespeare WC, Zhu X, Eide CA, Rivera VM, Wang F, et al.
AP24534, a pan-BCR-ABL inhibitor for chronic myeloid leukemia
including T3151. Cancer Cell. 2009;16(5):401-412.
https://doi.org/10.1016/j.ccr.2009.09.028

Saussele S, Haverkamp W, Lang F, Koschmieder S, Kiani A, Jentsch-
Ullrich K, Stegelmann F, et al. Ponatinib in the treatment of chronic
myeloid leukemia and Philadelphia chromosome-positive acute
leukemia: recommendations of a German expert consensus panel with
focus on cardiovascular  management. Acta  Haematol.
2019;143(3):217-231.d0i:10.1159/000501927

Giles FJ, le Coutre PD, Pinilla-lbarz J, Larson R, Gattermann N,
Ottmann OG, Hochhaus A, et al. Nilotinib in imatinib-resistant or
imatinib-intolerant patients with chronic myeloid leukemia in chronic
phase: 48-month follow-up results of a phase Il study. Leukemia.
2013;27(1):107-112. doi:10.1038/leu.2012.181.

Chan O, Talati C, Isenalumhe L, Shams S, Nodzon L, Fradley M, Sweet
K, Pinilla-lbarz J, et al. Side-effects profile and outcomes of ponatinib in
the treatment of chronic myeloid leukemia. Blood Adv. 2020;4(3):530-
538. doi:10.1182/bloodadvances.2019000268.

Hochhaus A, Baccarani M, Silver RT, Schiffer C, Apperley JF,
Cervantes F, Clark RE, Cortes JE, et al. European LeukemiaNet 2020
recommendations for treating chronic myeloid leukemia. Leukemia.
2020;34(4):966-984. https://doi.org/10.1038/s41375-020-0776-2

139


https://doi.org/10.1182/blood.V96.10.3343
https://doi.org/10.1056/NEJM200104053441401
https://doi.org/10.1002/ajh.25792
https://doi.org/10.1038/sj.leu.2404318
https://doi.org/10.1056/NEJMoa0912614
https://doi.org/10.1016/j.ccr.2009.09.028
https://doi.org/10.1056/NEJMoa1306494
https://doi.org/10.1182/blood-2010-03-277152
https://doi.org/10.1182/blood-2010-03-277152
https://doi.org/10.1016/j.ccr.2009.09.028
https://doi.org/10.1038/s41375-020-0776-2

