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Abstract
Treatment of chronic myeloid leukemia (CML) and Philadel-
phia chromosome-positive acute leukemia (Ph+ ALL) has 
been revolutionized with the advent of tyrosine kinase in-
hibitors (TKIs). Most patients with CML achieve long-term 

survival similar to individuals without CML due to treatment 
with TKIs not only in frontline but also in further lines of ther-
apy. The third-generation TKI ponatinib has demonstrated 
efficacy in patients with refractory CML and Ph+ ALL. Pona-
tinib is currently the most potent TKI in this setting demon-
strating activity against T315I mutant clones. However, 
ponatinib’s safety data revealed a dose-dependent, in-
creased risk of serious cardiovascular (CV) events. Guidance 
is needed to evaluate the benefit–risk profile of TKIs, such as 
ponatinib, and safety measures to prevent treatment-asso-
ciated CV events. An expert panel of German hematologists 
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and cardiologists summarize current evidence regarding 
ponatinib’s efficacy and CV safety profile. We propose CV 
management strategies for patients who are candidates for 
ponatinib. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

The pan-BCR-ABL1 kinase inhibitor ponatinib exhib-
its potent activity against both unmutated and mutated 
BCR-ABL1, including the prognostically unfavorable 
T315I mutation [1]. Ponatinib is the only approved tyro-
sine kinase inhibitor (TKI) with clinically relevant activ-
ity against the T315I mutation to date. According to the 
label ponatinib can be used for the second- or later-line 
treatment of patients with chronic myeloid leukemia 
(CML) in any phase of the disease who are resistant or 
intolerant (R/I) to dasatinib and/or nilotinib (second-
generation/2G TKIs) and for whom imatinib (first-gen-
eration/TKI) is not clinically appropriate [1]. In addition, 
ponatinib is approved for the treatment of CML patients 
with the T315I mutation in all lines of therapy [1]. Pona-
tinib is also approved for the treatment of Philadelphia 
chromosome-positive acute leukemia (Ph+ ALL) pa-
tients who are R/I to dasatinib and for whom imatinib is 
not appropriate (i.e., for third-line treatment, as dasatinib 
is only approved for therapy after imatinib or another 
first-line treatment), as well as for Ph+ ALL patients har-
boring the T315I mutation, regardless of treatment line 
[1].

Ponatinib is highly effective in patients with resistance 
to a 2G TKI, often caused by BCR-ABL1 point muta-
tions. To date, only the single ATP-binding site mutation 
T315M has been identified to confer resistance to pona-
tinib [2]. In vitro data suggest that some compound mu-
tations (≥2 mutations in the same BCR-ABL1 molecule, 
thus in the same clone) involving T315I potentially im-
pact ponatinib sensitivity and clinical response to pona-
tinib [3]. However, a reanalysis of heavily pretreated 
CML patients in chronic phase-CML (CP-CML) with 
next-generation sequencing did not identify any single 
or compound mutation consistently conferring resis-
tance to ponatinib [2]. More recently, a prospective eval-
uation of routine next-generation sequencing-based 
BCR-ABL1 mutation screening in 751 TKI-resistant 
CML or Ph+ ALL patients showed that compound muta-
tions are relatively infrequent in CP-CML, but may be 
relevant in accelerated or blast phase CML (AP/BP-
CML) and Ph+ ALL [4]. T315I+E255V was the only 

compound mutant constantly associated with ponatinib 
resistance in this study population [4]. However, there 
are also BCR-ABL1-independent mechanisms of TKI re-
sistance, such as additional chromosomal abnormalities, 
which may play an important role. There is evidence 
from a comparative analysis suggesting that in CP-CML 
patients failing a 2G TKI, treatment responses with pona-
tinib are likely 2-fold higher compared to sequential 2G 
TKI treatment (complete cytogenetic response, CCyR: 
60 vs. 22–26%) [5].

The T315I-directed activity of ponatinib is especially 
important for non-transplantable patients at risk, pa-
tients with relapse after transplantation, and patients in 
advanced CML as a bridge to allogeneic stem cell trans-
plantation (alloSCT). Ponatinib is active in inducing a 
second CP [6]. This significantly improves the prospects 
for long-term survival in CML even after SCT [7]. In a 
retrospective comparison between the European Bone 
Marrow Transplant registry and the ponatinib Ph+ ALL 
and CML evaluation (PACE) clinical trial, ponatinib in 
T315I-mutant CP-CML was associated with significantly 
longer overall survival (OS) than alloSCT [8]. Therefore, 
ponatinib may be an alternative in this setting, especially 
in older patients unsuitable for SCT or patients without a 
matched donor. However, interpretations must be made 
cautiously because of generally small sample sizes. Lastly, 
the recently approved dose reduction of ponatinib from 
45 to 15 mg in CP-CML patients once major cytogenetic 
response (MCyR) has been achieved (see  Section 4, “Rec-
ommendations for treatment with Ponatinib”) may im-
prove tolerability and toxicity while also maintaining ef-
ficacy and could therefore represent an effective alterna-
tive for patients intolerant to other TKIs [9].

Efficacy of Ponatinib

Efficacy of Ponatinib in CML
Ponatinib demonstrated its potent antileukemic effi-

cacy in heavily pretreated patients with CML or Ph+ ALL 
in the pivotal phase 2 PACE trial, which was conducted 
in 449 subjects who were either R/I to dasatinib or nilo-
tinib (R/I cohort) or had developed a T315I mutation 
[10]. The CML cohort was composed of 270 patients in 
CP-CML, 85 in accelerated phase (AP-CML) and 62 in 
BP-CML. Totally, 32 patients were in the Ph+ ALL co-
hort. In total, 29% of all patients were T315I-positive at 
study entry [6]. 
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Efficacy in CP-CML [6, 10]
The median age in the CP-CML cohort was 60 years, 

about 40% were aged 65 or over. 93% had received ≥2 
prior TKIs, and 60% ≥3 TKIs. Half of the patients had 
BCR-ABL1 mutations and 24% were T315I-positive. Me-
dian follow-up for CP-CML patients was 56.8 months, 
and median duration of ponatinib treatment was 32.1 
months. Figure 1 shows response rates at 1 year and at the 
final 5-year update in the CP-CML cohort. The 12-month 
progression-free survival (PFS) and OS were 80 and 94%, 
respectively. The 5-year PFS was 53%, and OS was 73%. 
Median time to CCyR was 2.9 months, and median time 
to major molecular response (MMR) was 5.5 months. 
Median duration of MCyR and MMR was not reached by 
the time of publication. Eighty-three percent of patients 
were still in MCyR after 5 years. Response rates in the 
T315I cohort were higher than in the R/I cohort across all 
levels (Fig. 1). In a post hoc landmark analysis, cytoge-
netic responses (MCyR, CCyR) and molecular responses 
(BCR-ABL1 ≤0.1% = MMR, > 0.1–1%, > 1–10% and > 10% 
= lack of molecular response) at 3, 6, and 12 months were 
significantly positively correlated with PFS and OS: 
Achievement of cytogenetic response and deep, early re-
ductions in BCR-ABL1 levels at most landmark time 
points were associated with improved PFS and OS 4 years 
post-landmark [11]. Deeper responses at all landmarks 
correlated with achievement of MR4.5 over time.

Efficacy in AP-/BP-CML [6, 10]
The median age for AP-CML and BP-CML was 60 and 

53 years, respectively. Twenty-one percent of AP-CML 
patients and 39% of BP-CML patients were tested positive 
for T315I mutation at baseline. For patients with ad-
vanced CML, initial responses with ponatinib were rapid 
and the durability of response was similar to that ob-
served with 2G TKIs for advanced disease in second-line 
after imatinib [12–14]. Median follow-up for AP-CML 
patients was 32.3 months and for BP-CML patients 6.2 
months. Median treatment duration was 19.4 and 2.9 
months, respectively. In the AP-CML cohort, 57% 
achieved major hematologic response (MHR) within the 
first 6 months, the median time to MHR being 3 weeks, 
and the median duration of response being 12.9 months. 
In the BP-CML cohort, 31% achieved MHR within the 
first 6 months with a median time to MHR of 1 month 
and a median duration of response of 6 months. Response 
rates, PFS, and OS are shown in Table 1.

Real-world data confirm the high efficacy of ponatinib 
in patients with CP-CML. In an Italian multicenter obser-
vational study ponatinib showed deep and durable re-
sponses in heavily pretreated CML patients. Sixteen out 
of 49 patients (32.6%) obtained molecular response, al-
most all maintained it while on treatment despite dose 
reductions [15]. The French observational ponatinib  
evaluation and safety in real-life chronic myelogenous 
leukemia patients failing > 2 TKIs PEARL study with 48 
CP-CML patients similar to the PACE trial showed an OS 
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Fig. 1. PACE: 1- and 5-year response at any time in patients with CP-CML, overall, and in patients resistant/in-
tolerant to previous treatment with dasatinib or nilotinib or with T315I mutation (adapted from [6, 10]). R/I 
resistant or intolerant; MCyR, major cytogenetic response; CCyR, complete cytogenetic response; MMR, major 
molecular response; MR4.5, 4.5-log reduction or ≤0.0032% BCR-ABL. 
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rate of 80.5% at 3 years and a cumulative MMR of 81.8% 
at 18 months [16]. Real-world ponatinib prescribing data 
from the US showed that ponatinib is prescribed across 
all disease phases, therapy lines, and any mutational sta-
tus. While a majority of patients (66–79%) were in their 
third-line of therapy or later, a substantial proportion of 
patients, especially in AP-CML (34%) and Ph+ ALL 
(31%), received ponatinib in second-line. Physicians ap-
pear to be selecting patients who are younger than those 
enrolled in registrational trials for ponatinib (median 55 
vs. 64 years in PACE) and mitigating against potential 
risks using lower starting doses and proactive dose reduc-
tion [17]. Efficacy and safety data of ponatinib in 34 pa-
tients (21 CP-CML, 13 Ph+ ALL) R/I to 2G TKI or with 
the T315I mutation in routine clinical practice in Belgium 
showed that the majority of patients obtained deep mo-
lecular responses [17]. Median ponatinib treatment dura-
tion was 17.5 months for CP-CML patients and 4 months 
for Ph+ ALL patients. Using lower starting doses than the 
currently authorized (45 mg once daily) and dose modi-
fication allowed effective treatment without exposing pa-
tients to a high risk of adverse events, such as CV compli-
cations [18].

Ponatinib as Second-Line Treatment in CP-CML
Currently, about 50% of CP-CML patients do not 

achieve CCyR when receiving a 2G TKI as second-line 
treatment [19–21]. Moreover, patients with primary cyto-
genetic resistance to first-line (or second-line) therapy 
seem not to benefit as much from sequential therapy with 
2G TKIs as from ponatinib [22]. Retrospective real-world 
studies showed favorable outcome with second-line pona-
tinib in CP-CML after previously failing one 2G TKI: an 
Italian case series reported outcomes in 29 patients with 
R/I to first-line TKI treatment who switched to ponatinib 
45 mg, or to 30 mg or 15 mg in the presence of CV risk 

factors [23]. After a median of 12 months, response versus 
baseline was improved in 85.7% of patients. Eleven pa-
tients achieved MMR, 10 patients achieved deep molecu-
lar response of whom 78% achieved early molecular 
 response (BCR-ABL1 < 10% within 3 months), 78.5% 
achieved MMR within 6 months, and 32% MR4.5 within 
12 months, suggesting ponatinib could be of benefit in this 
setting. In another small series with 7 CP-CML patients 
who switched to ponatinib 15 mg because of intolerance 
to first- or second-line dasatinib, all patients maintained 
previously achieved response and 2 patients increased the 
depth of molecular response, reaching MR4.5 [24].

The efficacy of ponatinib as first-line therapy in CP-
CML was evaluated in the phase 3 EPIC trial, which com-
pared ponatinib 45 mg daily versus imatinib 400 mg dai-
ly with MMR at 12 months as the primary endpoint [25]. 
Three hundred and 7 patients were enrolled, 155 received 
ponatinib and 152 Imatinib. In October 2013, the trial 
was terminated early at a median follow-up of 5.1 months 
due to the emerging safety concerns around the time the 
study was initiated. Thus, the efficacy of frontline pona-
tinib in CP-CML remains to be established. However, 
among patients who had evaluable molecular response 
assessments before study termination, ponatinib ap-
peared to offer improved efficacy over imatinib in pa-
tients with newly diagnosed CP-CML. Eight of 10 pa-
tients (80%) treated with ponatinib and 5 of 13 patients 
(38%) treated with imatinib achieved MMR at 12 months 
(p = 0.074).

Efficacy of Ponatinib in Ph+ ALL
In Ph+ ALL, the incorporation of TKIs in convention-

al chemotherapeutic approaches has significantly im-
proved depth and duration of responses and is now con-
sidered standard of care. With improved remission rates, 
a higher proportion of patients can be referred to alloSCT 

Table 1. PACE: efficacy among patients with AP-CML and BP-CML (adapted from [6, 10])

AP-CML (n = 83) BP-CML (n = 62)

6-month response; BP-CML MHR: 31%, MCyR: 23%, CCyR: 18%
1-year response; AP-CML MHR: 55%, MCyR: 39%, CCyR: 24%, MMR: 16%
5-year response; AP/BP-CML MHR: 61%, MCyR: 49%, CCyR: 31%, MMR: 22% MHR: 31%, MCyR: 23%, CCyR: 18%, MMR: 13%
PFS 55% (1-year), 22% (5-year) 19% (1-year), 3.7 mo (5-year)
OS 84% (1-year), 49% (5-year) 29% (1-year), 9% (3-year)

CCyR, complete cytogenetic response; MCyR, major cytogenetic response; MHR, major hematologic response; MMR major molecular 
response; OS, overall survival; PFS, progression-free survival; BP-CML, blast phase chronic myeloid leukemia; AP-CML, accelerated 
phase; PACE, Ph+ ALL and CML Evaluation.
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in first remission, and the 5-year OS in Ph+ ALL has in-
creased with rates ranging from 38 to 71% depending on 
age group [26]. Relapses are often attributed to TKI resis-
tance mutations, which are found in approximately 70–
80% of imatinib-resistant patients [27–29]. Mutation 
T315I is the most frequently detected locus, accounting 
for about 37% [27]. In patients rescued with a 2G TKI af-
ter progression on imatinib, T315I prevalence increased 
to 65% [27]. Additionally, compound mutations occurred 
at higher rate. As these mutations confer a high degree of 
resistance, it is crucial to treat patients with an effective 
TKI early on to avoid expansion of resistant clones har-
boring highly resistant clones.

In the PACE trial, ponatinib demonstrated a substan-
tial efficacy in the treatment of relapsed or refractory Ph+ 
ALL [6, 10]. Forty-one percent of the 32 heavily pretreat-
ed Ph+ ALL patients achieved MHR, on average after 0.7 
months. Forty-one percent achieved MCyR and 38% 
CCyR, respectively. However, the duration of response 
was limited in later lines of treatment due to resistance 
mentioned above [3, 4]. Median duration of MHR was 3.2 
months. Median PFS was 3 months, and the 3-year OS 
rate was 12% [10]. Ponatinib demonstrated off-label in 
the frontline setting in combination with hyper-CVAD 
chemotherapy (hyperfractionated cyclophosphamide, 
vincristine, doxorubicin, and dexamethasone) and high 
efficacy in achieving long-term remission in newly diag-
nosed Ph+ ALL patients [30]. Seventy-six patients were 
enrolled and received 4 cycles of hyper-CVAD alternat-
ing with 4 cycles of high-dose methotrexate and cytara-
bine every 21 days. Ponatinib was given at 45 mg daily for 
the first 14 days of cycle 1 then continuously for the sub-
sequent cycles. After 37 patients were treated, the proto-
col was amended due to the emergence of CV toxicity to 
reduce ponatinib to 30 mg daily starting at cycle 2, then 
15 mg daily in patients with complete molecular response 
(CMR). Patients in complete response received ponatinib 
maintenance daily (with vincristine/prednisone month-
ly) for 2 years, followed by ponatinib indefinitely. After 
dose optimization, no further serious vascular events 
were reported. Ninety-seven percentage of patients 
achieved MMR and 83% CMR. With a median follow-up 
of 36 months, the 3-year event-free survival (EFS) and OS 
rates were 70 and 76%, respectively. Only 15 patients un-
derwent alloSCT during the observation phase, with no 
difference in OS whether or not patients were transplant-
ed in first remission. Eleven patients switched to alterna-
tive TKIs due to safety concerns at the time of the amend-
ment. Four of these patients relapsed after a median of 19 
months, in 2 the T315I mutation was found.

In an indirect comparison with dasatinib plus hyper-
CVAD in first-line Ph+ ALL, ponatinib plus hyper-
CVAD was associated with significantly higher 3-year 
EFS and OS rates, based on propensity-score matched 
analysis of 41 patients from each cohort (EFS: 69 vs. 46%; 
p = 0.04; OS: 83 vs. 56%; p = 0.03), probably resulting 
mainly from faster achievement of deep molecular re-
sponse [31]. In a recent meta-analysis of studies in newly 
diagnosed Ph+ ALL patients, ponatinib in combination 
with chemotherapy was significantly more likely to ob-
tain CMR than first-generation/2G TKIs in combination 
with chemotherapy (79 vs. 34%; OR 6.09; p = 0.034) [32]. 
Achieving CMR was coupled with a significantly higher 
3-year OS (79 vs. 50%; OR 4.49; p = 0.050).

However, many groups still consider imatinib as the 
standard of care for Ph+ ALL and recommend change of 
TKI based on tolerability, minimal residual disease re-
sponse, and detection of resistance mutations. Further-
more, alloSCT is considered to offer the best chance of 
long-term survival in younger and fit Ph+ ALL patients 
[27]. Patients without a donor are not eligible for an 
 alloSCT, such as older patients have a large unmet need 
for new treatment concepts with reduced toxicity al-
though long-term survival has been reported with com-
binations of chemotherapy with 2G TKIs. 

The European Working Group on Adult ALL 
(EWALL) conducted 2 phase 2 trials with low-intensity 
induction (vincristine and steroids) and consolidation 
combined with dasatinib (EWALL-PH-01 study; n = 71) 
or nilotinib (EWALL-PH-02 study; n = 79) in elderly pa-
tients with newly diagnosed Ph+ ALL [29, 33]. Note that 
nilotinib is not approved in Ph+ ALL. Both studies re-
ported high CR rates after induction of 96–97%. With 
dasatinib, the 1-year relapse-free survival was 58% and 
5-year OS 36% [29]. With nilotinib, the 1-year EFS (resis-
tant disease, relapse, or death) was 74%, and OS at 4 years 
was 47% [33]. Of note, the T315I mutation was a frequent 
cause of relapse in dasatinib-treated Ph+ ALL patients 
[29]. Despite the very high CR rates and low or no induc-
tion mortality, the majority of patients will not achieve 
long-term remission with low-intensity induction com-
bined with 2G TKIs. Whether the introduction of third-
generation TKIs such as ponatinib enables higher and 
more durable responses with comparable tolerability re-
mains to be established. The EWALL group is initiating a 
3-arm phase 3 trial comparing low-intensity chemother-
apy plus ponatinib or imatinib versus ponatinib plus im-
munotherapy with blinatumomab, a bispecific antibody, 
in elderly Ph+ ALL patients (EWALL-Ph-03 study).
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A number of trials are currently investigating whether 
a combination of TKI plus steroids or TKI plus immuno-
therapy might even render chemotherapy and SCT su-
perfluous in some cases in the future, with the aim to re-
duce overall toxicity and to further improve prognosis. 
Initial results of a phase 2 trial by the Italian GIMEMA 
group with ponatinib in combination with steroids (plus 
intrathecal prophylaxis) as frontline therapy in 42 elderly 
or unfit Ph+ ALL patients (median age 68 years) showed 
a CR rate of 95% with 45.8% of patients achieving CMR 
and a 1-year OS of 87.5% [34]. Ponatinib effectively pre-
vented the onset of BCR-ABL1 mutations in this setting. 
Full publication of this trial is awaited. The same group 
had evaluated dasatinib with steroids as induction in 60 
Ph+ ALL patients (median age 42 years), but added che-
motherapy and/or alloSCT if no sustained CMR was 
achieved [35]. They reported a CHR of 97% and CMR of 

18.6%. DFS was 48.9% at 30 months and OS 58.3% at 36 
months. 

In relapsed/refractory ALL blinatumomab and inotu-
zumab showed promising response rates [36, 37]. Fur-
thermore, first trials with the combination of TKIs (pona-
tinib, dasatinib, or bosutinib) plus blinatumomab have 
been started [38]. 

CV Safety Profile

CV Risks of TKIs
All new-generation TKIs may potentially increase the 

risk for CV disease (CVD) to different extents [22, 39]. A 
meta-analysis of all randomized clinical trials comparing 
imatinib with new-generation TKIs indicated significant-
ly increased risk for vascular occlusive events with dasat-
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Fig. 2. Forest plots of vascular occlusive 
events, OS, and MMR in patients with 
Ph+ ALL treated with new-generation 
TKIs vs. imatinib (adapted from [40]). 
MMR, major molecular response; TKI, 
tyrosine kinase inhibitor; OS, overall sur-
vival. Diamonds reflect the summary ef-
fect for each TKI. The summary effect size 
was derived from the following trials: Bo-
sutinib: BELA (NCT00574873); Dasa-
tinib: SWOG-S0325 (NCT00070499), 
START-R (NCT00103844), DASISION 
(NCT00481247), NordCML006 (NCT-
00852566), NCT00320190; Nilotinib: RE-
NICE (NCT01400074), ENESTnd (NCT-
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Ponatinib: EPIC (NCT01650805). No 
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inib, nilotinib, and ponatinib and a trend but nonsignifi-
cant risk for bosutinib (Fig. 2) [40]. Vascular occlusive 
events comprised a list of 49 terms specifically related to 
arterial or venous ischemia or thrombosis [40, see www.
karger.com/doi/10.1159/000501927 for online suppl. 
Methods 2]. The meta-analyses also focused on efficacy 
(MMR) and OS. The MMR rate at 1 year was significant-
ly higher with new-generation TKIs compared with ima-
tinib; however, there was no difference in 1-year OS 
(Fig.  2). The potential CV risk needs to be balanced 
against efficacy considerations regarding 2G/third-gen-
eration TKIs versus imatinib.

The precise extent of the CV risk during treatment 
with ponatinib or other TKIs is difficult to assess as vas-
cular events were not systematically defined or collected 
prospectively in the registration trials. The available data 
are based on post hoc analysis. Moreover, adverse events 
in oncology trials are reported using the Common Ter-
minology Criteria for Adverse Events, which differs from 
the way outcomes are measured in cardiology trials. CV 
events are often inconsistently defined, and a composite 
endpoint of nonfatal myocardial infarction, nonfatal 
stroke, and CV death are often used. Therefore, a com-
parison between different oncology trials or with the gen-
eral population may be difficult if not impossible [40, 41]. 
From the cardiologist’s point of view, it is important to 
distinguish between nonfatal CV events (CV morbidity) 
and CV mortality. To facilitate evaluation and compari-
son of the CV risk during TKI treatment, future studies 
should apply standardized endpoints and definitions 
[41].

Possible Pathophysiological Mechanisms of Vascular 
Complications with TKI
The pathophysiological mechanisms underlying the 

vascular toxicity of TKIs have not been clearly established 
but are believed to overlap to some extent. In a mouse 
model of atherosclerosis, nilotinib was shown to have di-
rectly proatherogenic effects on endothelial cells [42]. Ni-
lotinib also caused metabolic changes including elevation 
of cholesterol and fasting glucose levels [42]. Studies us-
ing aortic preparations indicate that ponatinib-related 
vascular side effects are mainly caused by vaso-spasms 
following endothelial damage [43]. The calcium channel 
blocker (CCB) nifedipine effectively inhibited these ef-
fects and might help to protect patients from vascular 
damage [41]. In a mouse model of ischemia, both pona-
tinib [43] and nilotinib [42] reduced proliferation and 
survival of endothelial cells after endothelial damage and 
hence reduced vascular regeneration and the repair pro-

cesses that restore blood flow. These effects were found to 
be dose related for ponatinib (50–100 nM) [43] at concen-
trations reached in patients, which is also supported by 
the clinical observation that reducing ponatinib dose is an 
effective strategy to lower the risk of vascular disorders 
[44]. One recent study evaluating the cardiotoxicity as-
sociated with ponatinib and potential rescue methods  
in zebrafish and isolated neonatal rat cardiomyocytes 
showed that ponatinib inhibits the essential cardiomyo-
cyte prosurvival AKT/ERK signaling pathway, resulting 
in cardiomyocyte apoptosis [43]. Neuregulin-1β treat-
ment prevented ponatinib-induced cardiotoxicity by 
supplementing this signaling pathway [45].

Cardiovascular Toxicity of Ponatinib
Due to the occurrence of CV, cerebrovascular and pe-

ripheral arterial occlusive events (artery occlusive  
events, AOEs), and some venous thromboembolisms in 
the PACE-trial, therapeutic management strategies in-
cluding ponatinib dose reductions (30 mg or 15 mg in-
stead of 45 mg) were implemented in October 2013. Most 
patients treated with ponatinib who developed vascular 
disorders tended to have additional CV risk factors. 
Overall, the cumulative incidence of AOEs increased 
over time, while the exposure-adjusted incidence of new-
ly occurring AOEs did not increase with longer duration 
of ponatinib treatment [6]. This can be explained in part 
by the reduction of the mean ponatinib dose adminis-
tered. In contrast to AOEs, venous thromboembolic 
events (VTE) do not appear to be dose related. The cu-
mulative and exposure-adjusted incidence rates of AOEs 
and VTE are summarized in Table 2 [6].

Benefit–Risk Assessment of Ponatinib in CML
Successful treatment with ponatinib requires careful 

balancing of efficacy versus risk of transformation to BP-
CML and potential CV risk. Factors such as age, disease 
phase, treatment line, mutation status, reason for switch-
ing TKI therapy, and comorbidities should be considered 
as well as strategies to minimize the CV risk by dose mod-
ification and CV management including close monitor-
ing. In CP-CML, the effectiveness of preemptive pona-
tinib dose modification is well supported by clinical data 
[6, 15, 46, 47] and is recommended in the summary of 
product characteristics [1] (see Section 4, “Recommenda-
tions for treatment with Ponatinib”). 

Clinical data support ponatinib as a highly effective 
treatment option for patients with CML (Fig.  2). The 
drug’s importance increases with the resistance of the 
BCR-ABL1-positive clone and the transformation state 
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of CML. The more advanced the CML, the more impor-
tant efficacy becomes: in AP/BP-CML, mortality risk 
outweighs the CV risk. However, CP-CML patients with 
first-line failure on imatinib or a 2G TKI are also at high-
er risk of disease progression to AP/BP-CML. The latest 
revision to the WHO classification of CML 2016 reflects 
this by adding provisional “response to TKI therapy” 
criteria of AP-CML, rating resistance to 2 sequentially 
administered TKIs or occurrence of 2 or more BCR-
ABL1 mutations during TKI therapy of CP-CML pa-
tients as constituting progression to AP [48]. Acquisi-
tion of additional chromosomal abnormalities (ACAs) 
as evidence of clonal evolution and atypical BCR-ABL1 
transcripts have also been variably associated with an 
unfavorable course of disease [49]. Another aspect to be 
considered in the benefit–risk evaluation is the desired 
goal of treatment (e.g., short-term bridge to SCT or 
long-term treatment or treatment-free remission 
[TFR]). The CV risk probably carries less weight in 
short-term use of ponatinib than in long-term treatment 
as the median time to onset of AOEs was about 1 year 
[6]. Regarding TFR, the upcoming PONTrack (With 
ponatinib on track for TFR in CML) study of the Ger-
man CML-study group (EudraCT number: 2018-
004564-59) is investigating whether the earlier use of 
ponatinib may enable more patients to reach eligibility 
for attempting and achieving TFR.

Benefit–Risk Assessment of Ponatinib in Ph+ ALL
Treatment urgency is much higher in Ph+ ALL than in 

CML because of the significantly worse long-term prog-
nosis. TKI resistance mutations are common, occur at a 

very early stage, and are a hallmark of this biologic in-
stable disease. The incidence of T315I is high, as is the 
incidence of compound mutations [27]. Benefit–risk as-
sessment is different in patients with an option for SCT 
and those without this option. It remains open whether 
and how different TKIs should be used in combination 
with chemotherapy and in which sequence. Several trials 
are ongoing to answer this question. Although different 
phase-2 studies have demonstrated preliminary efficacy 
of ponatinib in frontline therapy of ALL (extensively re-
viewed in Section 2.2, “Efficacy of Ponatinib in Ph+ 
ALL”), many groups still consider imatinib as an effective 
first-line strategy and consider changing the TKI in de-
fined situations, for example, persistent MRD. More 
studies are needed also investigating potential dose re-
duction in good responders and the optimal use of pona-
tinib in Ph+ ALL.

Recommendations for Treatment with Ponatinib

Preemptive Dose Modification
The currently recommended ponatinib starting dose 

is 45 mg once daily [1]. Based on positive PACE long-
term data, the summary of product characteristics reads: 
“…reducing the dose of ponatinib to 15 mg should be 
considered in CP-CML patients who have achieved 
MCyR in order to optimize CV safety” [1]. The median 
time to CCyR and MMR in PACE was 2.9 and 5.5 
months, respectively, and the median time to onset of an 
AOE was about 1 year [6]. Hence, preemptive dose re-
ductions within the first 6 months after optimal response 

Table 2. Cumulative and exposure-adjusted incidences of treatment-emergent AOEs and VTEs (adapted from [6])

CP-CML (n = 270) Total (n = 449)

AE SAE AE SAE

AOEs, n (%) 84 (31)a 69 (26)b 111 (25)c 90 (20)d

CV, n (%) 42 (16) 33 (12) 59 (13) 44 (10)
Cerebrovascular, n (%) 35 (13) 28 (10) 41 (9) 33 (7)
Peripheral vascular, n (%) 38 (14) 31 (11) 48 (11) 38 (8)
Exposure-adjusted AOEs, number of patients with events per 100 patient-years 14.1 10.9 13.8 19.6
VTEs, n (%) 15 (6) 13 (5) 27 (6) 23 (5)
Exposure-adjusted VTEs, number of patients with events per 100 patient-years 2.1 1.8 2.8 2.4

a 46 patients had >1 AOE, b 31 patients had >1 serious AOE, c 57 patients had >1 AOE, d 38 patients had >1 serious AOE. Categorization 
of AOEs and VTEs is based on a broad collection of >400 MedDRA preferred terms related to vascular ischemia or thrombosis; AE, 
adverse event; AOE, arterial occlusive event; MedDRA, medical dictionary for regulatory activities; SAE, serious adverse event only; 
VTE, venous thromboembolic event; CV, cardiovascular; CP-CML, chronic phase-chronic myeloid leukemia.
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(CCyR or MMR) may improve CV safety while also 
maintaining long-term response [6]. In addition to re-
sponse status and the patient’s CV risk profile, the as-
sessment should also consider other factors including 
time to cytogenetic response and possible side effects of 
ponatinib treatment [1]. Close monitoring of response 
is recommended after a dose reduction [1]. Regarding 
the situation in Ph+ ALL, the little evidence available 
from the first-line study (off-label) in combination with 
hyper-CVAD likewise indicates that reducing the dose 
from 45 to 30 mg starting at cycle 2 with further reduc-
tion to 15 mg after achievement of CMR is an effective 
strategy for preventing AOEs [30].

Considerations of Lower Starting Doses of Ponatinib
The OPTIC trial comparing 15, 30, and 45 mg in pa-

tients with R/I CP-CML is currently evaluating whether 
a lower ponatinib starting dose would be noninferior  
and safer (ClinicalTrials.gov Identifier: NCT02467270). 
To date, there are only retrospective data available from 
an Italian case series which evaluated ponatinib in sec-
ond-line [23]. Eleven of 29 patients were started on low-
er-dose ponatinib because of older age or other risk fac-
tors such as hypertension, diabetes, or hypercholester-
olemia. However, this was a highly selected patient 
population with an overall relatively low CV risk profile. 
A lower starting dose is off-label, the opinions and rec-
ommendations of the expert panel in this regard are 

Table 3. ESC-SCORE risk categories and monitoring during treatment with ponatinib (adapted from [52, 53])

Low to moderate risk

– ESC-SCORE <5%
– Many middle-aged subjects belong in this category; strongly  
influenced   by obesity, total cholesterol and triglycerides, familiar  
history of coronary disease.

Use of ponatinib possible
Risk factor modification and lifestyle changes based on guidelines;
consider statin therapy (e.g., atorvastatin) to keep (fasting) LDL-C  
<115 mg/dL (<3 mmol/L)a

Monitoring:
– History-taking and clinical examination, lab tests including diabetes and serum lipid profile (every 3 months in year 1, then every 6–12 months)
–BP monitoring (every 3 months in year 1, then semiannually); self-monitoring with documentation as appropriate (20–30% incidence of hypertension 
during ponatinib treatment)
– ECG (semiannually); ABI, stress ECG/alternative stress test (annually)

High-risk

Subjects with any of the following: 
– ESC-SCORE between 5% and <10%
– Markedly elevated single risk factors, such as cholesterol >310 mg/dL  
(8 mmol/L) or severe hypertension (≥180/110 mm Hg)
– Moderate CKD (GFR 30–59 mL/min)

Use of ponatinib possible; alternative TKIs should be considered   
(benefit–risk assessment)
Prospective dose reduction; 
Risk factor modification and lifestyle changes based on guidelines; consider 
statin therapy (e.g., atorvastatin) to keep (fasting) LDL-C <100 mg/dL  
(<2.6 mmol/L)

Intensified monitoring: As indicated for low-/moderate-risk group, plus:
– Regular blood pressure self-monitoring (documentation),
– History-taking and clinical examination, lab tests including diabetes and lipid profile (quarterly)
– ABI (semiannually)

Very high-risk

Subjects with any of the following:
– ESC-SCORE ≥10%
– Documented CVD (previous AMI, ACS, coronary revascularization, 
stroke, 
TIA or PAD)
– DM with target organ damage, for example, proteinuria or with a major 
risk factor (smoking, hypertension, high cholesterol)
– Severe CKD (GFR <30 mL/min)

Ponatinib should be used only if strictly indicated; use of alternative TKI when 
possible
Prospective dose reduction; risk factor modification and lifestyle changes; 
more aggressive treatment of dyslipidemia with target (fasting) LDL  
<70 mg/dL (<1.8 mmol/L)

Intensified monitoring: as indicated for high-risk group

a Having considered the very low risk introduced by statin therapy, the panel felt that low- to medium-risk patients treated with ponatinib should prob-
ably merit earlier or more vigorous statin control of LDL-cholesterol. ABI, ankle-brachial index; ACS, acute coronary syndrome; AMI, acute myocardial 
infarction; BP, blood pressure; CKD, chronic kidney disease; DM, diabetes mellitus; ECG, electrocardiogram; ESC, European Society of Cardiology; GFR, 
glomerular filtration rate; PAD, peripheral artery disease; TIA, transient ischemic attack; SCORE, systematic coronary risk evaluation.
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based entirely on clinical experience and the current 
body of evidence. Additional prospective data from on-
going or planned trials, such as PONS (ClinicalTrials.gov 
Identifier: NCT03807479; ponatinib 30 mg starting dose 
in second-line after nilotinib or dasatinib) will add fur-
ther evidence. 

In the panel’s opinion, the possible criteria to support 
a ponatinib starting dose of 30 mg in CML might include 
chronic phase (as opposed to AP/BP), good response sta-
tus (at least in MCyR), absence of mutations (as opposed 
to detected mutations), resistance to only 1 TKI (as op-
posed to > 1 TKI), intolerance despite good response, and 
increased CV risk (in particular, diabetes and ischemia 
[50, 51]) and in Ph+ ALL poor general health and or sig-
nificant CV risk such as coronary artery disease. In CV-
risk patients, urgent need for ponatinib treatment due to 
disease risk is a clear indication to prescribe ponatinib 
(see risk categories, Table 3 below). A starting dose of 15 
mg may be considered for instance in patients with very 
good response but severe intolerance to other TKIs 
switching to ponatinib or in patients with high CV risk. 
In Ph+ ALL, a 15 mg starting dose may well be associated 
with reduced efficacy, for example, in the presence of 
highly expressed compound mutations [27].

Prevention and Management of CV Risk

Hematologists should devote careful attention to the 
potential risk of CV events and to the monitoring of pa-
tients treated with ponatinib in order to get the full ben-
efit of ponatinib’s potency and minimize the risk to the 
fullest possible extent. The following aspects of CV 
management apply in principle to all TKIs. In at-risk 
individuals in particular, CV management should al-
ways be premised on close collaboration between hema-
tologists and other specialists (angiologists, cardiolo-
gists, etc.), with additional involvement of the primary 
care physician. Patients should be made aware of poten-
tial CV symptoms before starting treatment and told to 
see a doctor immediately (ideally an angiologist or car-
diologist at a specialist facility) if acute signs and symp-
toms occur. Most of those potential complications can 
be treated effectively and safely. As far as the diagnosis 
and management of CV risk factors are concerned, the 
same guidelines and recommendations may apply to 
CML and Ph+ALL patients as to the general population 
since no large prospective trials on CV event prevention 
in CML or Ph+ ALL patients have been conducted to 
date.

Table 4. Recommended screening and assessment before starting treatment with ponatinib (adapted from [53])

Assessments Comment

History-taking CV risk factors: 
Age, gender, BMI, smoking, hypertension, diabetes,  
hyperlipidemia, family  history
CV comorbidities/interventions:
PAD, CAD, TIA, stroke, atrial fibrillation, and so on
CV symptoms (past/current):
CAD (angina pectoris, dyspnea, palpitations, syncope), CAS  
(visual symptoms, TIA, PRIND), PAD (intermittent claudication)

Clinical examination Vascular assessment: pulse status, edema, carotid bruit
Heart/lungs BP (both arms), heart rate, arrhythmia, heart murmurs

Diagnostic imaging ECG
Echo
ABI
Carotid ultrasound

The diagnostic imaging 
required depends on the 
clinical findings/risk

Laboratory tests Serum: fasting blood glucose, HbA1C, LDL-C, HDL-C, total cholesterol,  
(fasting) triglycerides, potassium, creatinine, GFR, aminotransferases
Urine: microalbumin, protein (quantitative)

ABI, ankle-brachial index; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CAS, cerebral artery stenosis; 
ECG, electrocardiogram; Echo, echocardiogram; GFR, glomerular filtration rate; HBA1c, hemoglobin A1c; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral artery disease; PRIND, prolonged reversible 
ischemic neurological deficit; TIA, transient ischemic attack.  
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Risk Classification and Monitoring during Ponatinib 
Treatment
Each patient’s individual CV risk should be deter-

mined before starting treatment with ponatinib. A num-
ber of broadly accepted risk scores are available for that 
purpose [52], which however were developed for the gen-
eral population and have not yet been validated prospec-
tively for CML or Ph+ ALL patients. Hence, individual 
patient’s risk assessment is ultimately based on the physi-
cian’s clinical judgment. In Europe, CV risk assessment is 
commonly done using the systematic coronary risk eval-
uation (SCORE) system developed by the European Soci-
ety of Cardiology (ESC) based on the 5 classical risk fac-
tors age, sex, smoking, systolic blood pressure (BP), and 
serum cholesterol to estimate the 10-year risk of a fatal 
CV or cerebrovascular event [52]. The online risk calcula-
tor tool can be found at www.HeartScore.org [52]. It is 
important to note that CV risk factors are dynamic by 
nature and may change during the course of treatment. 
As such, the ESC-SCORE should be regularly recalculat-
ed over time with intervals depending on the individual 
patient’s risk (e.g., more frequently in patients with mod-
erate or greater risk or when risk factors change).

Regarding procedures in patients undergoing pona-
tinib treatment, the expert panel decided to simplify the 
SCORE system by using a 3-group classification – low to 
moderate risk, high risk, and very high risk – with conse-
quences for the use of ponatinib and for risk-adjusted 
monitoring (Tables 3, 4). This is intended to ensure that 
blood glucose disorders, dyslipidemia, and the potential 
occurrence of peripheral artery disease or other CVD can 
be detected in a timely manner [53]. Patients who have 
documented CVD, diabetes, moderate or severe chronic 

kidney disease, or markedly raised single risk factors are 
already at very high or high risk and automatically quali-
fy for intensive risk factor evaluation and management 
[52]. The assessments and procedures recommended for 
each risk group are given in Table 4.

Management of CV Risk Factors
Alongside preemptive ponatinib dose reduction, addi-

tional CV risk reduction may be possible by systematic 
management of risk factors, especially in high-risk and very 
high-risk patients. Lifestyle changes (dietary modification, 
weight reduction, physical activity, abstaining from smok-
ing) are crucial, but not usually sufficient on their own.

Hypertension
Hypertension is a common ponatinib side effect and 

known to increase the risk of AOEs [54]. Therefore, blood 
pressure (BP) needs to be checked in all patients before, 
during, and after discontinuation of ponatinib use, in 
particular in patients with known hypertension. Before 
starting ponatinib, BP should be normalized. BP goals are 
shown in Table 5. The recently updated ESC Guidelines 
for the management of arterial hypertension recommend 
starting the majority of patients on 2 antihypertensive 
drugs rather than one [53]. Exceptions are frail older pa-
tients and those at low risk and with grade 1 hypertension. 
For most patients, this will be a combination of an angio-
tensin-converting enzyme inhibitor or an angiotensin re-
ceptor blocker with a CCB or a thiazide/thiazide-like di-
uretic. For those requiring 3 drugs, a combination of an 
angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker with a CCB and a thiazide/thiazide-like 
diuretic should be used [55].

Table 5. Therapeutic target levels for blood pressure, serum lipids, and parameters of glucose metabolism, depending on ESC-SCORE 
risk profile (adapted from [52, 53])

Parameter Low to moderate risk High risk Very high risk

SBP, mm Hg <140 (150–140 in patients >80 years) <140 <140
DBP, mm Hg <90 <90 (< 85 mm Hg in  

patients with DM)
<90 (< 85 mm Hg in  
patients with DM)

LDL-Ca, mg/dL <115 (<3.0 mmol/L) <100 (<2.6 mmol/L) <70 (<1.8 mmol/L)
Triglyceridesa,b,  
mg/dL – <500 (<5.65 mmol/L) <500 (<5.65 mmol/L)
HbA1c <7% (<8% in older or unfit patients) <7% (<8% in older or unfit patients) <7% (<8% in older or unfit patients)

a Serum lipids should always be tested in the fasted patient, b LDL-C and blood glucose should be well controlled beforehand in order 
to identify treatment-relevant hypertriglyceridemia. DBP, diastolic blood pressure; DM, diabetes mellitus; ESC, European Society of 
Cardiology; HBA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SCORE,  systematic 
coronary risk evaluation.
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Hyperlipidemia
Low-density lipoprotein cholesterol should be tested 

in all patients, even if ponatinib in itself does not raise 
cholesterol [54]. In addition to lifestyle changes, the 
guidelines recommend ESC-SCORE-based statin treat-
ment [52]. The relevant low-density lipoprotein target 
levels that also indicate limit levels for starting lipid-low-
ering therapy are given in Table 5. Drug interactions 
should be considered as ponatinib inhibits the activity of 
the transporter proteins P-glycoprotein and breast cancer 
resistance protein. Therefore, ponatinib has the potential 
to increase the plasma concentrations of coadministered 
drugs that are substrates of these transporter proteins 
such as pravastatin and rosuvastatin [1]. Atorvastatin can 
be used relatively safely with ponatinib (both CYP3A4 
substrates, possible interaction through competitive me-
tabolism). In patients with high or very high CV risk and 
significantly elevated triglyceride levels, drug therapy 
should be considered. Preference should be given to 
 omega-3 fatty acids (fish oil) as TKIs may interact with 
fibrates. In addition to regular exercise and a low-calorie 
diet, reduced alcohol intake is advisable. Referral to a 
metabolic disease specialist should be considered if neces-
sary.

Prediabetes/Diabetes
Unlike nilotinib, ponatinib has not been directly linked 

with hyperglycemia. However, diabetes and glucose in-
tolerance are believed to increase the risk of CV events in 
individuals treated with ponatinib [54]. The clinical cut-
offs for prediabetes are a fasting blood glucose level of 
100–126 mg/dL (5.6–7 mmol/L), HbA1c of 5.7–6.5%, and 
2-h oral glucose tolerance test levels of 140–199 mg/dL 
(7.8–11 mmol/L). Cutoff for fasting blood glucose level 
defining diabetes is > 126 mg/dL (> 7 mmol/L) and for 
HbA1c > 6.5% (Table 5). In patients with type 1 or 2 dia-
betes, an HbA1c < 7% is a generally accepted target level, 
however [52]. In some cases (older or unfit patients), a 
less stringent target HbA1c of up to 7.5–8% may be ac-
ceptable [52]. For more differentiated diabetes manage-
ment, a diabetes specialist should be consulted. Blood 
glucose control can generally be achieved with a balanced 
diet, moderate exercise, and antidiabetic medication 
(metformin ± other oral antidiabetic drugs ± insulin) 
[52].

Primary and Secondary Prevention of Vascular 
Damage
Given that ponatinib increases the risk for vascular 

damage, primary prophylaxis should be considered. 

Statins are effective in the management of arteriosclerot-
ic changes, generally well tolerated and have pleiotropic 
effects on the vascular system (e.g., anti-inflammatory ac-
tivity), in addition to lowering cholesterol levels. In sec-
ondary prevention, consideration should be given to the 
possibility of replacing ponatinib with another TKI, espe-
cially in the presence of severe vascular side effects such 
as myocardial infarction or stroke. Otherwise, at least a 
highly potent statin (atorvastatin 40 mg) and a platelet 
aggregation inhibitor such as aspirin 100 mg or clopido-
grel 75 mg should be prescribed. In certain situations, 
such as acute coronary syndrome, dual platelet inhibition 
for a certain period (usually 1 year) is also indicated. If 
vasoconstriction is suspected, a CCB such as nifedipine 
should be used, at least in individuals with concomitant 
hypertension (as is common with ponatinib). 

Conclusions

Ponatinib is a potent therapeutic option in patients 
with CML or Ph+ ALL intolerant or resistant to other 
TKIs, and the benefit–risk balance should always be eval-
uated for each individual patient. Treatment with pona-
tinib (and other TKIs) poses an increased CV risk, which 
appears to be dose-dependent and can therefore be miti-
gated by dose modification and adequate CV manage-
ment. This report provides recommendations on moni-
toring and comedication with ponatinib therapy. Euro-
pean guidelines on CVD prevention in clinical practice 
can be applied for CV risk assessment and management 
in CML and Ph+ ALL patients. For high- and very-high-
risk patients, other therapeutic options should be consid-
ered before starting treatment with ponatinib. When al-
ternative options are not available, treatment with pona-
tinib is indicated but requires a close collaboration 
between hematologists and cardiologists in the best inter-
est of the patient.
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