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Abstract
Scarce information is available on the use of ponatinib as second-line treatment in chronic phase chronic myeloid leukemia
(CP-CML) patients resistant and/or intolerant to prior tyrosine kinase inhibitor (TKI) therapy. We collected data from 29
CML patients, with a median age of 54 years (range 32–72). Eleven patients had received dasatinib, 15 patients received
nilotinib, and 3 patients received imatinib as first-line treatment. Forty-five percent of patients started ponatinib for
secondary resistance, 38% for primary resistance, 7% for severe intolerance associated to a molecular warning, 7% due
to the presence of a T315I mutation, and 3% for severe intolerance. Ponatinib was started at a dose of 45 mg in 60% of
patients, 30 mg in 38%, and 15 mg in 2% of patients. Overall, at a median follow-up of 12 months, 85% of treated patients
improved the level of response as compared to baseline, with 10 patients achieving a deep molecular response (MR4-4.5).
No thrombotic events were recorded. The dose was reduced during treatment in 2 patients due to intolerance and in 8
patients in order to reduce the cardiovascular risk. Ponatinib seems a valid second-line treatment option for chronic phase
CML, in particular for patients who failed a front-line second-generation TKI due to BCR-ABL-independent mechanisms
of resistance.
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Introduction

Ponatinib is a third-generation tyrosine kinase inhibitor (TKI)
designed to overcome the gatekeeper T315I mutation. In dif-
ferent trials, this drug has shown inhibitory activity against the
native BCR-ABL kinase and several ABLmutations [1, 2]. For
this reason, ponatinib is currently indicated for the treatment
of chronic myeloid leukemia (CML) patients in every phase of
the disease resistant and/or intolerant to dasatinib and
nilotinib, and for whom imatinib is no longer indicated or
for patients carrying the T315I mutation [3]. The drug is also
indicated for Ph+ acute lymphoblastic leukemia (ALL).
Ponatinib was temporarily suspended in 2013 for the occur-
rence of cardiovascular thrombotic events. Since then, differ-
ent investigators have analyzed the baseline characteristics of
patients candidate for ponatinib, in particular the cardiovascu-
lar profile, in order to provide general management recom-
mendations [4, 5]. In the open-label, multinational phase II
ponatinib Ph+ ALL and CML Evaluation (PACE,
NCT01207440) trial, the drug was tested in a large cohort of
449 patients resistant or intolerant to nilotinib or dasatinib, or
carrying the T315I mutation: 270 chronic phase (CP) CML,
85 accelerated phase (AP) CML, 62 blast crisis (BP) CML,
and 32 Ph+ ALL patients. At the last update, after a median
follow-up of 37.3 months, 41% of CP CML patients were still
on study. The cumulative response rates, evaluated in terms of
major (MCyR) and complete cytogenetic response (CCyR),
major molecular response (MMR), and MR4.5, were 59, 54,
39, and 23%, respectively [2]. In this trial, only 16 patients
were treated after a previous resistance to one TKI, but the
characteristics of this subset of patients have never been re-
ported. Very limited information is available on ponatinib ad-
ministered as second-line treatment after resistance and/or in-
tolerance to a single line of therapy in CP-CML. The aim of
this study was thus to collect data related to the use of
ponatinib as second-line treatment in CP-CML patients out-
side of a clinical trial.

Patients and methods

We retrospectively collected data related to the use of
ponatinib as second-line treatment in CP-CML patients after
each available front-line TKI in order to report efficacy and
safety outside of a clinical trial, with a particular attention to
the incidence of cardiovascular events. Each participating cen-
ter provided the required data, after obtaining an informed
consent according to ethics committee. No patient was exclud-
ed and also patients who discontinued for toxicity have been
considered. All patients were treated in label as suggested by
ponatinib indications, except one treated off label. We only
excluded patients in advanced phase of their disease (acceler-
ated or blast phase). The endpoints of this study were to

evaluate the efficacy of ponatinib at 3, 6, and 12 months and
the last follow-up; evaluate the effective dose used and overall
survival; and define the safety profile. Patients were moni-
tored during ponatinib according to European LeukemiaNet
recommendations: conventional cytogenetics was performed
every 3 months until CCyR was achieved, and quantitative
molecular analysis was performed every 3 months from pe-
ripheral blood.

Results

Overall, 29 patients have been collected: median age of
54 years (range 32–72); 17 were males and 12 were females.
According to the Sokal risk at baseline, 2 patients were clas-
sified as low risk, 17 as intermediate risk, and 10 as high risk.
According to the Eutos score, 18 patients were low risk and 11
were high risk. At baseline, 2 patients have major additional
cytogenetic aberrations (ACA) on Ph+ cells and 1 patient has
a minor ACA. Eleven patients received dasatinib as first-line
treatment, 15 received nilotinib, and 3 patients were treated
with imatinib. Median time from diagnosis to ponatinib treat-
ment was 16 months. The best response achieved before to
switch to ponatinibwas only a complete hematologic response
without cytogenetic response in 6 patients (20.6%), a mini-
mum cytogenetic response in 3 patients (10.3%), a CCyR in 6
patients (20.6%), a MMR in 4 patients (10.3%), and none in
10 patients (34%). Thirteen patients (45%) started ponatinib
for secondary resistance (only 5 patients due to the onset of
mutations different from T315I, 1 patient after imatinib, 5
after dasatinib, 7 after nilotinib), 11 patients (38%) for
primary resistance (9 patients for primary cytogenetic re-
sistance and 2 patients for hematologic resistance, 6 pa-
tients after nilotinib and 5 after dasatinib treatment), 2 pa-
tients (7%) for severe intolerance associated to a molecular
warning (2 patients after nilotinib), 2 patients (7%) due to
the presence of the T315I mutation (after imatinib failure),
and 1 patient for severe intolerance to dasatinib (Table 1).
Other mutations were reported as cause of secondary resis-
tance in 5 patients: F359V in 3 patients and Y253H and
Q252H in 2 further patients.

Ponatinib was started at the dose of 45 mg in 59% of pa-
tients, 30 mg in 38% of patients, and 15 mg in 3% of patients.
None of the patients had previous cardiovascular events, but 2
patients were affected by hypertension, 1 by diabetes, 1 pa-
tient by a dilatative cardiomyopathy, and 1 patient by hyper-
cholesterolemia: the dose was reduced at baseline in some
patients only for age and pre-existing cardiovascular risk fac-
tors. The dose was reduced during treatment in 2 patients (for
intolerance from 45 to 30 mg) and in 8 patients in order to
reduce the cardiovascular risk after obtaining a cytogenetic
response (from 45 to 30 mg in 4 patients and from 30 to
15 mg in 4 patients). At a median follow-up of 12 months
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(range 3-24, only 5 patients with less than 6 months of treat-
ment), 2 patients achieved a partial cytogenetic response
(PCyR), 2 patients a CCyR, 11 patients a MMR and 10
patients a deep molecular response (MR4-4.5, including 2
patients with T315I) as best response (Table 2). Four patients
did not obtain a response. We did not find differences in the
degree of response in patients carrying a mutation at baseline.
In terms of cumulative incidence of response at 3 months,
78.5% of patients achieved an early molecular response
(BCR-ABL1 level IS < 10%), 54% of patients achieved a
MMR at 6 months, and 32% of patients achieved a
MR4.5 at 12 months.

One patient progressed but none died during treatment
(overall survival 100%, event-free survival 96%). Overall,
85.7% of treated patients improved the level of response as
compared to baseline.

The most common side effects recorded were increased
lipase (2 patients), hypertension (3 patients), skin rash (5 pa-
tients), and thrombocytopenia grade 3 (5 patients).
Neutropenia grade 3 was recorded in 3 patients. None of the
patients discontinued due to toxicity. We did not observe car-
diovascular side effects.

Discussion

We previously reported very preliminary results in 10 CML-
CP patients treated with ponatinib as second-line treatment
[6], confirming the activity of this drug in this clinical setting.
In the present paper, we have updated this small series and
have collected data from 19 further patients. Overall, only 3
patients were treated with imatinib and 2 of them experienced
secondary resistance due to the onset of a T315I mutation.
Except for 5 patients in which a mutation was revealed as
the reason of the secondary resistance, in the series hereby
described, all patients were treated with a second-generation
TKI without a recognized cause of primary or secondary re-
sistance. Very limited information is presently available on the
use of ponatinib in the setting of patients resistant only to a
first-line TKI treatment: in the PACE trial (NCT01207440)
[2], responses were higher as compared to those in patients
treated in third or subsequent line with a CCyR rate of 74%
and a MMR rate of 47%. Responses were also higher in the
report by Sanford et al. [7], which described 5 patients who
received ponatinib as second-line treatment (3 after imatinib
and 2 after dasatinib failure) included in a phase II trial that
prematurely closed after FDA recommendations based on
safety concerns. No cardiovascular safety concerns were ob-
served in the present experience, confirming our preliminary

Table 2 Best response to ponatinib and safety

No.
of patients

Reason to
start ponatinib

Starting dose
of ponatinib

Previous treatment Best response Safety

11 Primary resistance 11 pts. 45 mg 6 pts. nilotinib,
5 pts. dasatinib

4 pts. failure, 2 pts.
PCyR, 2 pts. CCyR,
3 pts. MR3

2 pts. increased lipase, 2 pts.
hypertension, 3 pts. skin
rash, 4 pts. G3
thrombocytopenia

13 Secondary resistance 4 pts. 45 mg,
9 pts. 30 mg

7 pts. nilotinib,
5 pts. dasatinib,
1 pt. imatinib

8 pts. MR3, 5 pts.
MR4-4.5

1 pt. hypertension, 2 pts.
skin rash, 3 pts.
G3 neutropenia

2 Severe intolerance +
molecular warning

2 pts. 30 mg 2 pts. nilotinib 2 pts. in MR4.5 –

1 Severe intolerance 1 pt. 15 mg 1 pt. dasatinib 1 pt. in MR4.5 –

2 T315I 2 pts. 45 mg 2 pts. imatinib 2 pts. in MR4.5 1 pt. G3 thrombocytopenia

Table 1 Characteristics of patients

Features No.

Age (median, range) 54 (32–72)

Sex (M/F) 17/12

Sokal risk

Low 2

Intermediate 17

High 10

Eutos score

Low 18

High 11

First-line treatment

Imatinib 3

Nilotinib 15

Dasatinib 11

Reason to start ponatinib

Primary resistance to previous TKI 11

Secondary resistance to previous TKI 13

Severe intolerance + molecular warning 2

Severe intolerance 1

T315I development 2
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results [6]. The possible reasons are in the limited follow-up,
limited previous exposure to other TKIs, better selection of
patients with few concomitant comorbidities, and lack of pre-
existing cardiovascular predisposing risk factors. Also, the use
of a low starting dose of the drug in 40% of patients and the
subsequent adaptation to the full dose in 10 patients may have
contributed to the absence of cardiovascular side effects. This
is in line with what reported in the PACE trial in which the
dose was reduced in patients who had achieved the primary
endpoint with a reduction in thrombotic event rates [2]. A
pharmacokinetic analysis of the trial showed that a dose re-
duction to 15 mg/day was associated with a 40% relative risk
reduction of thrombotic events [8].

Two ongoing trials are indeed investigating the most appro-
priate starting dose of ponatinib for CML patients: the OPTIC
study (NCT02467270), a phase II trial that compares a 15-, 30-,
and 45-mg daily dose of ponatinib in CP-CML patients resistant
to at least two prior TKIs, and the OPUS trial (NCT02398825)
that enrolls patients resistant to imatinib as first-line treatment
and who receive ponatinib at the dose of 30 mg.

In summary, our data confirm the role of ponatinib in the
second-line setting, in particular in those patients with likely
BCR-ABL1-independent mechanisms of resistance treated
front line with a second-generation TKIs. Prospective analy-
ses are warranted in larger cohort of patients to confirm the
efficacy and the positive safety profile observed.
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