
Phase II trial of ponatinib in patients with chronic
myeloid leukemia resistant to one previous tyrosine
kinase inhibitor

Ponatinib is a tyrosine kinase inhibitor (TKI) designed
to overcome resistance-inducing mutations, including the
T315I mutation, in the ABL kinase domain. Initial clinical
trials of ponatinib reported major cytogenetic response
(MCyR) rates over 60% in heavily treated patients with
chronic myeloid leukemia in chronic phase (CML-CP)
and approval for patients who had received prior treat-
ment with a TKI was granted by regulatory authorities in
2012.1-3 Due to concerns of thrombotic vascular events,
ponatinib was transiently withdrawn from the US mar-
ket in October 2013 on the recommendation of the FDA
and later re-introduced in January 2014.  Ponatinib is cur-
rently indicated for: 1) CML patients with the T315I
mutation or in cases where no other TKI is indicated (US
label); or 2) those resistant or intolerant to dasatinib or
nilotinib, or for those in whom imatinib therapy is not
clinically appropriate or who have the T315I mutation
(European label).  

Over 90% of patients enrolled in earlier clinical trials
of ponatinib had received at least 2 prior TKI.  Among
patients who have received just one TKI, data are only
available for imatinib failure.  Less than 50% of patients
achieve a MCyR with dasatinib, nilotinib or bosutinib
after imatinib failure, and deeper (i.e. molecular) respons-
es are even less common.  There are no prospective data
on the use of ponatinib after failure of a 2nd generation
TKI, making this sequence of therapy empirical. 

We designed a single center phase II clinical trial (clini-
caltrials.gov identifier: 01746836) of ponatinib in patients
with CML-CP and resistance or intolerance to only one
FDA-approved TKI (imatinib, nilotinib or dasatinib).
Failure of previous TKI therapy was defined according of
European LeukemiaNet (ELN) recommendations.4

Exclusion criteria included: exposure to other non-FDA
approved TKI, New York Heart Association (NYHA) car-
diac class 3-4 heart disease, history of acute coronary
syndrome, history of stroke or transient ischemic attack,
history of peripheral arterial occlusive disease, history or
venous thromboembolism, history of clinically significant
ventricular arrhythmia, uncontrolled hypertension, histo-
ry of pancreatitis, pregnancy or breastfeeding, and previ-
ous use of more than one FDA-approved TKI.  The pri-
mary objective of the study was to estimate the rate of

MCyR (CCyR + PCyR) at six months. Secondary out-
comes included cytogenetic response at other time
points, molecular response and toxicity profile.
Hematologic, cytogenetic and molecular responses were
determined according to ELN 2009 guidelines.4 The sever-
ity of adverse events (AEs) were graded according to the
National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE).5 Patients were ini-
tially treated at a starting dose of 45 mg/day; in October
2013 the starting dose was amended to 30 mg/day.  

Recruitment onto the trial took place between March
2013 and September 2013.  Five patients were enrolled
before the study was closed to new patient enrollment at
the recommendation of the FDA due to safety concerns.
All patients enrolled onto the trial continued ponatinib
upon closure of the study, and the dose was reduced to
15-30 mg/day to minimize the risk of thrombotic vascu-
lar events.  All patients were eligible for the trial due to
failure of previous TKI therapy with specific reasons
including:  loss of CCyR (n=1), no CCyR after 18 months
(n=1), no CCyR after 18 months + T315I mutant (n=1),
T315I mutant (n=1) and no PCyR after 12 months (n=1).
No other resistance mutations were identified at the time
of enrollment.  Median age was 50 years (range 42-74
years) and the previous TKI exposure included imatinib
(n=3) and dasatinib (n=2).  Only one patient had signifi-
cant base-line cardiovascular (CV) risk factors (hyperten-
sion).

Four patients (80%) achieved a CCyR at both the 
3-month and 6-month assessment. Molecular responses
at 12 months were: 1 patient MR4.5, 2 patients MMR, one
patient with a significant reduction in transcript (0.11%),
and one patient with no significant molecular response.
After a median follow up of 22 months (range 18-26
months), cumulative best response for all patients was
PCyR in one (previously treated with dasatinib) and MR4.5

in 4 patients.  Responses were durable with all 4 patients
who achieved a CCyR at six months maintaining an MR4.0

(n=1) or MR4.5 (n=3) at last follow up.  The base-line dis-
ease status and response data are summarized in Table 1.

Grade 3-4 AEs included: hypertension (n=2), develop-
ment of a neoplasm (superficially invasive skin squamous
cell carcinoma) (n=1), increased lipase (n=2), increased
amylase (n=1), increased ALT (n=2), increased AST (n=2),
thrombocytopenia (n=1), and neutropenia (n=1).  Four
patients developed hypertension (Grade 2-3), one of
them with base-line hypertension. Three of these 4
patients with hypertension were successfully treated
with antihypertensive medication, while the other was
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Table 1. Base-line characteristics and responses.
Base-line characteristics 6 mo. Most recent response

response
N. Disease Mo. from Cyto. Mole. IS Resistance Cyto Cyto. Mole.IS F/U (mo)

status diagnosis/ mutations 
last TKI

1 CHR 13/Im Ph+ 5% 3.38% None CCyR CCyR <0.0032% 26
2 CHR 152/Im Ph+ 5% 0.29% T315I CCyR CCyR 0.0072% 24
3 CCyR 27/Das Ph+ 0% 0.32% T315I CCyR CCyR <0.0032% 22
4 CHR 124/Im Ph+ 15% 0.89% Unknown CCyR CCyR <0.0032 18
5 CHR 14/Das Ph+ 95% 9.09% None Ph+ 90% PCyR 2.24% 18

CP: chronic phase; CHR: complete hematologic response; CCyR: complete cytogenetic response; PCyR: partial cytogenetic response; IS: international standard; Cyto: cytogenet-
ics; Mole: molecular; mo.: months; CMR: complete molecular response; Im: imatinib; Das: dasatinib.



monitored and was normotensive at subsequent visits
without intervention.  No venous or arterial thrombotic
events were observed in any of the patients. Neither of
the 2 patients who had increased lipase/amylase devel-
oped clinical pancreatitis. In both patients, a rise in pan-
creatic enzymes was observed within two months of
starting ponatinib. In both instances, ponatinib was held
for 1-2 weeks and re-started without significant rise in
lipase or amylase. Similarly, neither patient experiencing
grade 3 increases in AST/ALT had clinical symptoms of
liver dysfunction or abnormal liver function testing.
These patients were managed with dose interruption and
ponatinib was successfully re-introduced at a reduced
dose in both patients (15 mg/day). Recurrent grade 3-4
neutropenia and thrombocytopenia occurred in the
patient who did not achieve a CCyR. These episodes
were managed with treatment interruption and dose
reduction with improvement in blood counts.  All
patients had a dose reduction; 2 patients continue on 30
mg/day and 3 patients on 15 mg/day. The median time to
first dose reduction was three months (range 1-8 months)
and this occurred either empirically to reduce CV risk in
3 patients or due to an AE in 2 patients.

In summary, 80% of patients with exposure to one
prior TKI achieved a CCyR and MR4.0 or better, with sus-
tained responses over a relatively long follow-up period.
Although interpretation of the findings of our trial is lim-
ited by the small number of patients, our results reinforce
the efficacy of ponatinib in patients failing only one TKI.
Our findings are consistent with the results of the phase
I and phase II trials of ponatinib in CML-CP patients with
TKI-resistance/intolerance, in which the rate of CCyR
was 63% and 46%, respectively.2,3 Response rates in the
phase II clinical trial were highest in CML-CP patients
treated with only one previous TKI with CCyR and
MMR rates of 74% and 47%, respectively.3 However,
only 19 such patients were treated. The rate of venous
and arterial thrombotic events with ponatinib in earlier
studies was 37% and 24% in the phase I and II clinical
trials, respectively, reported over longer follow-up peri-
ods.6,7 No patients in our trial experienced a thrombotic
event, which could be explained by a random null rate
due to the small number of patients and/or by the relative
absence of significant CV risk factors in these patients.
Most patients experiencing thrombotic events in previ-
ous clinical trials had pre-existing risk factors for CV
events.8,9 In our series, the only CV event observed was
hypertension, which was manageable with therapy in all
patients concerned.

It is also possible that, as patients in our trial received
ponatinib at lower doses for most of the time they were
on treatment due to early dose reductions, the risk of vas-
cular thrombotic events might have been reduced.
Currently, the approved starting dose of ponatinib is 45
mg/day, although it is acknowledged that the optimal
starting dose of ponatinib is not known.1 In the phase I
clinical trial, a peak serum concentration of 40 nM was
achieved with a dose of 15 mg/day, which is the concen-
tration required to suppress the development of resist-
ance mutations in vitro.2 Furthermore, a post hoc study of
previous clinical trials using ponatinib projected that dose
reductions of 15 mg/day were associated with a 40% rel-
ative risk reduction of arterial thrombosis.10 Importantly,
it is apparent from our results that patients can have sus-
tained responses on lower doses of ponatinib, and the
toxicity profile of ponatinib was manageable at these
doses in our group.

The results in this small cohort of patients suggest that
ponatinib can be of clinical benefit for patients with

CML-CP who have received only one prior TKI. Despite
the availability of multiple TKIs, the results in this patient
population could be improved, as the rate of CCyR in
previous trials does not reach 50%, and EFS at 4-5 years
is only approximately 50%.11-13 Further studies are
required to help define the efficacy, safety and optimal
dosing of ponatinib in this patient population. 
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