
© 2019 Tan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy 2019:12 635–645

OncoTargets and Therapy

This article was published in the following Dove Medical Press journal: 
OncoTargets and Therapy

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
635

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OTT.S189391

Ponatinib: a novel multi-tyrosine kinase inhibitor 
against human malignancies

Fiona H Tan1,2

Tracy L Putoczki1,3,4

Stanley S Stylli1,5

Rodney B Luwor1

1Department of Surgery, The 
University of Melbourne, The Royal 
Melbourne Hospital, Parkville, viC 
3050, Australia; 2Division of Cancer 
Research, Peter MacCallum Cancer 
Centre, Melbourne, viC 3000, 
Australia; 3inflammation Division, 
walter and eliza Hall institute of 
Medical Research, Parkville, viC 3052, 
Australia; 4Department of Medical 
Biology, The University of Melbourne, 
Parkville, viC 3050, Australia; 
5Department of Neurosurgery, The 
Royal Melbourne Hospital, Parkville, 
viC 3050, Australia

Abstract: Human malignancies are often the result of overexpressed and constitutively active 

receptor and non-receptor tyrosine kinases, which ultimately lead to the mediation of key tumor-

driven pathways. Several tyrosine kinases (ie, EGFR, FGFR, PDGFR, VEGFR), are aberrantly 

activated in most common tumors, including leukemia, glioblastoma, gastrointestinal stromal 

tumors, non-small-cell lung cancer, and head and neck cancers. Iclusig™ (ponatinib, previ-

ously known as AP24534) is an orally active multi-tyrosine kinase inhibitor and is currently 

approved by the US Food and Drug Administration for patients with chronic myeloid leukemia 

and Philadelphia chromosome-positive acute lymphoblastic leukemia, specifically targeting 

the BCR-ABL gene mutation, T315I. Due to ponatinib’s unique multi-targeted characteristics, 

further studies have demonstrated its ability to target other important tyrosine kinases (FGFR, 

PDGFR, SRC, RET, KIT, and FLT1) in other human malignancies. This review focuses on 

the available data of ponatinib and its molecular targets for treatment in various cancers, with 

a discussion on the broader potential of this agent in other cancer indications.
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Introduction
Receptor tyrosine kinases (RTKs) mediate the interaction between growth factors and 

their corresponding receptors, resulting in cytoplasmic tyrosine kinase activation. The 

activation of RTKs regulates several critical cellular mechanisms including cell growth, 

tissue regeneration, and repair. These processes are tightly regulated in normal cells; 

however, overexpression and constitutive activation of RTKs have been known to 

promote tumor survival in several cancer types. There are several known families of 

RTKs, including the commonly overexpressed EGFR, FGFR, RET, KIT, SRC, BCR-

ABL, and PDGFR. Continual activation of these RTKs leads to a cascade of events 

associated with key pathways known to drive cancers, including STAT3, PI3K/AKT, 

and RAS/RAF/ERK pathways.2,3 Due to the importance of RTKs and their association 

with tumor development, they are emerging as promising therapeutic targets.

Tyrosine kinase inhibitors (TKIs) and monoclonal antibodies have been designed 

to specifically target overexpressed RTKs and subsequent downstream molecules in 

several cancer types. For instance, successful anti-EGFR (cetuximab, panitumumab, 

erlotinib, and gefitinib) and anti-HER2 (trastuzumab and pertuzumab) mono-targeted 

agents have been developed and are currently approved by the US Food and Drug 

Administration (FDA) for treating patients with colorectal cancer, non-small-cell lung 

cancer (NSCLC), and breast cancer.4–9 Moreover, SRC proteins are commonly acti-

vated as a result of enhanced RTK expression, and the development of SRC inhibitors 

has also been successful with FDA-approved bosutinib and dasatinib currently used 
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in the treatment of patients with Philadelphia chromosome-

positive (Ph+) chronic myeloid leukemia (CML) and acute 

lymphoblastic leukemia (ALL).10,11 In addition to mono-

targeted inhibitors, multi-TKIs have also been developed. 

Multi-TKIs are agents that target several kinases or pathways 

simultaneously, and have been widely developed for several 

diseases, including cancer. For instance, Iclusig™ (ponatinib; 

ARIAD Pharmaceuticals, Cambridge, MA, USA) a multi-

TKI, which targets SRC, ABL, FGFR, PDGFR, and VEGFR, 

is currently approved by the FDA as a second-line treatment 

option for patients with Ph+ CML and Ph+ ALL and is the 

only approved inhibitor to successfully target the ABL-

T135I mutation.12 Notably, in preclinical studies, ponatinib 

has also demonstrated potent anti-tumorigenic properties 

in other cancers, including lung cancers and glioblastoma 

(GBM), and Phase II trials are in progress in patients harbor-

ing these tumors (NCT02478164, NCT01935336).13,14 This 

review summarizes ponatinib’s multi-targeted properties and 

discusses its potential as a prospective anticancer agent for 

other malignancies.

Ponatinib: preclinical and 
early-clinical data
Ponatinib (also known as AP24534) is a potent, orally active 

TKI. The molecular formula of ponatinib is C
29

H
28

ClF
3
N

6
O, 

and the chemical name is 3-(imidazo[1,2-b]pyridazin-

3-ylethynyl)-4-methyl-N-19benzamide hydrochloride.15 

Ponatinib was structurally designed with a carbon–carbon 

triple bond to target the T315I point mutation within the 

kinase domain (KD) of BCR-ABL (Figure 1).

ARIAD Pharmaceuticals acquired a computational and 

structure-based drug design platform to develop ponatinib as a 

potent inhibitor of both native BCR-ABL tyrosine kinase and 

isoforms that carry mutations responsible for conferring resis-

tance to existing targeted therapies. Furthermore, this inhibi-

tor was structurally designed to involve a carbon–carbon triple 

bond which protrudes from the purine scaffold, allowing for 

minimal steric hindrance which is caused by the presence of 

a large isoleucine residue of the BCR-ABL mutant at position 

315.15,16 Such a structural design was primarily based on one 

of ARIAD’s first ATP-competitive dual SRC/ABL inhibitors 

known as AP24364, alongside earlier developed inhibitors 

including nilotinib, dasatinib, and imatinib.15

Preclinical evaluation of ponatinib 
treatment of CML and Ph+ ALL
Preclinical testing of ponatinib was first reported in 2006 

when O’Hare et al demonstrated the potent anti-BCR-ABL 

effects of ponatinib.12 These in vitro studies utilized Ba/F3 

cell lines expressing either native BCR-ABL or BCR-ABL 

with mutations within the tyrosine KD. The kinase selectivity 

studies discovered that ponatinib effectively blocked both 

wild-type and several mutant forms of BCR-ABL kinases, 

including BCR-ABLT315I, with IC
50

 values ranging between 

0.37 and 2 nM. Furthermore, this study compared the effi-

cacy of ponatinib at several concentrations (0–1,000 nM) 

against mononuclear cells from primary leukemic blast crisis 

patient cells specifically driven by wild-type BCR-ABL or 

BCR-ABLT315I and healthy individuals. The data generated 

with the cellular proliferation assay showed that ponatinib 

had induced a specific reduction in viable cells against pri-

mary CML cells, showing IC
50

 values of ~500-fold lower 

than normal cells, confirming its potent pan-BCR-ABL 

inhibition.

The efficacy of ponatinib was also examined in several 

in vivo CML mouse models expressing wild-type BCR-

ABL or BCR-ABLT315I. The potent effect of ponatinib was 

illustrated using a Ba/F3 BCR-ABL-expressing mouse 

model where ponatinib was orally administered daily for 

19 days. The median survival rate of mice treated with 

either 2.5 or 5 mg/kg ponatinib was prolonged to 27.5 and 

30 days, respectively (P,0.01 for both doses), compared 

to vehicle-treated mice, which survived only 19 days fol-

lowing the intravenous injection of Ba/F3 cells.12 Ponatinib 

treatment was also observed to increase the survival rates 

of mice challenged with intravenously injected BAF/3 

cells expressing BCR-ABLT315I. Ponatinib treatment (5, 15, 

and 25 mg/kg) prolonged the median survival in a dose-

dependent manner (19.5, 26, and 30 days, respectively; 

P,0.01 for all doses) compared to vehicle-treated mice 

which survived only 16 days.12 However, in comparison, 

Figure 1 Chemical structure of ponatinib.
Notes: A representation of the structure of ponatinib including the key carbon–
carbon triple bond responsible for the targeting of the T315i point mutation of the 
BCR-ABL molecule. image sourced from O’Hare et al.12
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dasatinib administered at doses as high as 300 mg/kg did 

not enhance the survival of mice injected with BAF/3 cells 

expressing BCR-ABLT315I, highlighting the limited efficacy of 

dasatinib as a TKI against this BCR-ABL mutation. Ponatinib 

doses as low as 30 and 50 mg/kg have been shown to induce 

tumor stasis or regression in a subcutaneous BCR-ABLT315I 

mouse model.12 Overall, these initial preclinical findings 

demonstrated the potential inhibitory effect of ponatinib on 

native and mutant BCR-ABL cells.

Following further clinical evaluation (summarized in 

Table 1), the FDA approved the use of ponatinib hydrochlo-

ride as a third-line treatment option for adult patients with 

T315I-postive CML (including accelerated phase, chronic 

phase, or blast phase) or those with T315I-positive Ph+ ALL 

on the 14th of December 2012.17 Ponatinib treatment is 

provided to patients who are intolerant or resistant to two 

or more prior TKI therapies, including the use of dasatinib, 

nilotinib, and/or imatinib. The FDA approval was based on 

Table 1 Ponatinib’s preclinical trials on CML and Ph+ ALL patients

Phase Clinical trial study Patient criteria Status Outcome Trial number

i Safety Study of 
AP24534 to Treat 
Chronic Myelogenous 
Leukemia (CML) and 
Other Haematological 
Malignancies

Patients with resistant/
refractory hematologic 
malignancies (n=81)

Completed ·	 Significant and durable 
responses were observed 
in heavily pretreated 
chronic-phase CML patients 
regardless of mutation status, 
and ponatinib was generally 
well tolerated

·	 72% of patients showed a 
major cytogenic response

NCT0066092072

ii Ponatinib Ph-Positive 
Acute Lymphoblastic 
Leukemia [ALL] 
and CML evaluation 
(PACe) trial

Chronic-phase CML, 
accelerated-phase CML, 
blast-phase CML, or 
Ph+ ALL with resistance 
to or unacceptable side 
effects from dasatinib or 
nilotinib or with the T315i 
mutation (n=449)

Results 
obtained and 
ongoing

·	 Ponatinib had significant 
antileukemic activity across 
categories of disease stage 
and mutation status

·	 83% of patients showed a 
major cytogenic response

NCT0120744019,73

ii Ponatinib in 
Participants with 
Resistant Chronic 
Phase Chronic 
Myeloid Leukemia 
(CP-CML) to 
Characterize the 
Efficacy and Safety 
of a Range of Doses 
(OPTiC)

Patients with resistant 
CML in chronic phase and 
have received at least two 
prior TKi therapies or 
acquiring T315i mutation 
after receiving any number 
of prior TKi therapies 
(estimated n=276)

Recruiting ·	 Ongoing NCT02467270

N/a Post-Marketing 
Surveillance of Safety 
and effectiveness 
of iclusig Tablets 
in Korean Patients 
with CML or Ph+	
ALL under the “Risk 
Management Plan”

Observational study for 
patients with CML or 
Ph+ ALL (estimated n=50)

Recruiting ·	 Ongoing NCT03709017

N/a Retrospective 
evaluation of 
CML Patients 
in the National 
Compassionate 
Program

CML patients who are 
Ph+ and have received 
either dasatinib or nilotinib 
and are resistant or 
intolerant to the drugs or 
have developed the T315i 
mutation (estimated n=80)

Recruiting ·	 Ongoing NCT02448095

(Continued)
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data obtained from the Phase II PACE trial of ponatinib.18 

The PACE trial evaluated the efficacy and safety of ponatinib 

in CML and Ph+ ALL patients who were resistant or did 

not respond to dasatinib or nilotinib treatment and included 

those who harbored the T315I mutation. Overall, within a 

minimum follow-up of 48 months, this study demonstrated 

ponatinib’s continual efficacy and durability in this heavily 

pretreated population to retain long-term molecular and 

cytogenic responses.19

Despite the successful development and FDA approval 

of ponatinib and other TKIs (such as dasatinib, nilotinib, and 

imatinib), one of the main challenges within the research 

and management of TKIs is understanding and control-

ling the TKI-associated vascular adverse events (VAEs). 

In particular, the emergence of these TKIs for the treatment 

of hematologic malignancies has evidently shown that their 

use in patient treatment is linked with vascular toxicity.20,21 

For instance, ponatinib-related VAEs have been reported 

in as many as 20%–40% of patients receiving the standard 

45 mg dose, and ponatinib has also been associated with an 

increased risk of cardiovascular events and hypertension. 

However, the cause of these events is unclear.22,23 In an 

attempt to identify the cause, studies have demonstrated 

ponatinib’s inhibitory effect on human vascular endothelial 

cells (HUVECs) and human microvascular endothelial cell 

line HMEC-1 with IC
50

 values ranging between 100 and 

200 nM.24,25 Moreover, these studies further analyzed the 

inhibitory effect of ponatinib on HUVECs overexpressing 

VEGFR2, and this effect was observed to be reduced com-

pared to the control cells.24 VEGFR2 is one of ponatinib’s 

targets but also serves as a key driver of angiogenesis and 

as a survival factor of endothelial cells.12,26 Although these 

studies are not conclusive, they provide an insight into 

ponatinib’s possible antiangiogenic effect that is possibly 

mediated by VEGFR2 inhibition, providing an explanation 

for TKI-associated VAEs.

Table 1 (Continued)

Phase Clinical trial study Patient criteria Status Outcome Trial number

N/a iclusig (Ponatinib) 
in Clinical Practice 
for the Treatment 
of Chronic Myeloid 
Leukemia or Ph+ 
Acute Lymphoblastic 
Leukemia in Belgium

CML or Ph+ ALL patients 
who are resistant or 
intolerant to dasatinib or 
nilotinib, and for whom 
subsequent treatment with 
imatinib is not clinically 
appropriate, or who 
have the T315i mutation 
(estimated n=125)

Recruiting ·	 Ongoing NCT03678454

ii Activity and Risk 
Profile of Ponatinib 
in Chronic Phase 
Patients with Chronic 
Myeloid Leukemia 
Resistant to imatinib

Patients with CML who 
are in a chronic phase and 
are resistant to imatinib 
(estimated n=78)

Recruiting ·	 Ongoing NCT02398825

N/a An Observational 
Registry to evaluate 
the incidence of 
and Risk Factors for 
vascular Occlusive 
events Associated 
with iclusig

Safety profile of patients 
with CML or Ph+ ALL 
treated with iclusig 
(ponatinib) in routine 
clinical practice in the USA 
(estimated n=300)

Recruiting ·	 Ongoing NCT02455024

iii A Study Comparing 
Ponatinib and Nilotinib 
in Patients with 
Chronic Myeloid 
Leukemia (OPTiC-2L)

Chronic-phase CML 
patients who are resistant 
to imatinib and have 
received no other  
TKi (n=44)

Active, not 
recruiting

·	 Ongoing NCT02627677

ii Ponatinib for Chronic 
Myeloid Leukemia 
evaluation and Ph+	
Acute Lymphoblastic 
Leukemia

Patients with CML or 
Ph+ ALL who are resistant 
or intolerant to either 
dasatinib or nilotinib or 
have the T315i mutation 
(n=449)

Active, not 
recruiting

·	 Ongoing NCT01207440

Abbreviations: ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia; Ph+, Philadelphia chromosome-positive; TKi, tyrosine kinase inhibitor.
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Mechanisms of resistance to ponatinib
As with many targeted therapies, tumor resistance is expected 

to arise to ponatinib and other malignancies. Several studies 

have explored this notion, and here we highlight these studies 

and discuss implications of the mechanisms of resistance. 

A recent study by Lu et al evaluated resistance mechanisms 

by exposing TKI-naïve and dasatinib-resistant BCR-ABL1-

positive K562 cells to ponatinib with continuous, long-term 

co-culture. Enhanced Axl overexpression was detected in the 

ponatinib-resistant TKI-naïve cells, while mutations in the 

BCR-ABL1 KD including T315I and compound mutation 

G250E/E255K were observed in the dasatinib-resistant 

cells.27 Zabriskie et al thoroughly investigated existing 

mutations in the BCR-ABL1 kinase, particularly focusing on 

additional mutations paired with the T315I mutation com-

monly seen in CML.28 They observed that many compound 

mutations conferred resistance to ponatinib with the E255V/

T315I compound mutation conferring the greatest resistance 

to ponatinib in in vitro proliferation assays. Further evidence 

that this mutation confers resistance to ponatinib was dem-

onstrated when E255V/T315I was observed in a specimen 

of a Ph+ ALL patient who showed transient response to 

ponatinib but underwent rapid hematologic relapse and was 

discontinued from ponatinib treatment.28 The I315M muta-

tion has also been shown to confer resistance to ponatinib 

in cell-based assays and in another Ph+ ALL patient.1,28,29

However, the presence of these mutations in patient 

samples is low. Parker et al examined low-level mutations 

in a large set of CML and Ph+ ALL patient specimens, and 

although low-level mutations were observed in 15% of 

samples, they did not undergo clonal expansion during pona-

tinib treatment and did not correlate with overall outcome.30 

Similarly, single or compound mutation identified from 267 

chronic-phase CML patients did not confer primary and/or 

secondary resistance to ponatinib.31 Therefore, clinical deci-

sions and policy changes regarding the use of ponatinib 

cannot currently be made based on the current knowledge of 

resistance mechanisms to ponatinib. An analysis with larger 

sample sizes and longer treatment times may be required to 

increase our understanding of the key drivers of resistance 

to ponatinib in the future.

The multi-kinase inhibitory 
properties of ponatinib
ABL and solid tumors
The ABL family of kinases (also known as Arg), ABL1 and 

ABL2, has been recently shown to contribute to the progres-

sion of solid tumors (including colorectal cancer, chondrosar-

coma, gastric cancer, ovarian cancer, and melanoma cancer) 

through activation pathways which are distinct from those 

observed in ABL-induced leukemias.32–36 In fact, studies have 

shown that solid tumors, which are induced by ABL kinases, 

are not linked to the event of chromosome translocation as 

seen during the progression of leukemia and are rather driven 

by elevated ABL1 or ABL2 expression, amplification, protein 

expression, metabolic stress, and/or inactivation of negative 

regulatory proteins.32,37 Several reports have identified that 

multiple RTKs can contribute to enhanced ABL activation, 

including EGFR, PDGFR, and the hepatocyte growth factor 

receptor (MET), all of which are known to facilitate changes 

in cell proliferation, migration, invasion, and survival.38–41

FLT3, c-KiT,  veGFR, PDGFR, and SRC
As mentioned previously, ponatinib was initially designed 

to inhibit BCR-ABL; however, studies have also identified 

ponatinib to target several other kinases, and ponatinib is 

therefore classified as a multi-TKI. O’Hare et al utilized the 

Kinase Hotspot assay (a direct measurement of the substrate 

phosphorylation) to profile ponatinib against .100 kinases 

in primary CML cell lines and identified several underly-

ing targets, including FLT3 (IC
50

 0.3–2 nmol/L) and c-KIT 

(IC
50

 8–20 nmol/L).12 Ponatinib was also effective against 

the members of the tyrosine kinase families including FGFR 

(IC
50

 2.2 nmol/L), VEGFR (IC
50

 1.5 nmol/L), PDGFR (IC
50

 

1.1 nmol/L), and c-SRC (IC
50

 5.4 nmol/L).12,42–44 Ponatinib’s 

molecular targets have thus expanded to other cancer types 

as summarized in Table 2.

FGFR family
The FGFR family of tyrosine kinase receptors consists of four 

highly conserved family members (FGFR1–4) and has been 

identified to play a role in the progression of multiple tumor 

types including squamous cell lung cancers, breast cancers, 

gastric cancers, and endometrial cancers. Next-generation 

sequencing of 4,853 patient samples with varying cancers 

identified that 343 (7.1%) samples contained FGFR aber-

rations. Of these 343 cases, most of the aberrations were 

FGFR gene amplifications (66%), while 26% were FGFR 

mutations and 8% were FGFR rearrangements.45 FGFR gene 

fusions have also been reported in several cancer types.46,47 

Lymphomas and leukemias have also been identified with 

FGFR rearrangements and FGFR fusions.48–50

Thus, FGFR represents a viable target in cancer therapy.13 

In fact, studies highlight the potential of ponatinib as an 

FGFR inhibitor in several cancer types. For example, Gozgit 

et al engineered Ba/F3 cells to express activated FGFR1–4 

and demonstrated a potent inhibition with ponatinib treat-

ment against the FGFR-mediated signaling pathway with 
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IC
50

 values of ,40 nmol/L when compared to parental 

Ba/F3 cells.51 This study further examined the effect on 

ponatinib amongst a panel of 14 FGFR-amplified or FGFR-

mutated cancer cell lines (endometrial, gastric, breast, lung, 

bladder, and colon), and similar IC
50

 values ,40 nmol/L 

were observed. Ponatinib’s potency to reduce tumor growth 

was also observed in endometrial, bladder, and gastric 

cancer mouse models with FGFR mutations. Kim et al 

also investigated ponatinib’s inhibitory properties against 

FGFR kinases, in particular in endometrial cancer cells 

(MFE-296 and AN3CA) harboring activating FGFR2 muta-

tions. Ponatinib treatment resulted in significant inhibition 

of cell proliferation, migration, and invasion compared to 

the control-treated cells.52 Additionally, this study further 

explored ponatinib’s effect on the downstream pathways 

associated with FGFR2 activation and highlighted the 

inhibitory effect on cell proliferation in endometrial cancer 

cells through ERK, AKT, STAT5, and phospholipase Cγ. 

Another member of the FGFR family of kinases, FGFR4, 

has been reported to be commonly amplified and activated in 

patients with rhabdomyosarcoma (RMS).53 Li et al identified 

ponatinib as a potent inhibitor against the growth of RMS 

cells (RMS772; IC
50

 ,70 nmol/L) which were engineered 

to harbor mutated or wild-type FGFR4.74 This observation 

was further supported with the use of a mutated FGFR4 

RMS mouse model, where ponatinib significantly reduced 

tumor growth compared to control tumors. Moreover, 

ponatinib has also been demonstrated to inhibit the growth 

and suppression of clonogenicity in NSCLC cell lines with 

elevated FGFR1 expression and the growth of primary lung 

cancer culture cells (IC
50

 ,50 nmol/L).54,55 Taken together, 

these studies highlight ponatinib as a multi-targeted inhibitor 

which potentially acts as a pan-FGFR inhibitor in a range 

of cancer types, further broadening its clinical application.

Ponatinib and other targets
As mentioned previously, O’Hare et al not only identified 

ponatinib as a potent BCR-ABL inhibitor but also dem-

onstrated its ability to target FLT3 kinases. In relation to 

hematologic malignancies, activating mutations of FLT3 

have been observed in up to 30% of newly diagnosed 

patients with AML who were associated with poor prog-

nosis in terms of relapse and overall survival when treated 

with standard therapies, and ponatinib was later found to be 

an attractive therapeutic agent.56–58 To explore ponatinib’s 

potential applications in hematologic malignancies beyond 

BCR-ABL-driven CML, Gozgit et al evaluated the cellular 

activity of ponatinib against FLT3 in a panel of leukemic 

cell lines (MV4-11, Kasumi-1, KG1, and EOL1) with dys-

regulated FLT3 expression and identified ponatinib to inhibit 

phosphorylation of activated FLT3, reduce cell viability, and 

induce apoptosis at concentrations ,10 nmol/L.43 This obser-

vation was further supported in an MV4-11 mouse xenograft 

model where daily oral dose of ponatinib for 4 weeks resulted 

in a dose-dependent inhibition of p-FLT3 signaling and tumor 

regression.43 In addition, phosphorylated KIT, FGFR1, and 

PDGFR protein expression was also observed to be reduced 

at concentrations ,100, ,10, and ,3 nmol/L, respectively. 

Due to these findings, this study suggests that further inves-

tigation of ponatinib in patients with FLT3-driven AML 

malignancies and other hematologic tumors driven by KIT, 

FGFR1, or PDGFR is warranted.

Table 2 Ponatinib’s molecular targets in cancer

Known molecular targets Observed in IC50 values (nM) References

FGFR1 Hematologic cells 1.5 12

Non-small-cell lung cancer 40 54

FGFR2 endometrial cancer cells 0.5 52

Gastrointestinal stromal tumor cells 20 51

Breast cancer cells 6 51

FGFR3 Bladder cancer cells 40 51

FGFR4 Rhabdomyosarcoma cells 72.2 74

PDGFRα Hematologic cells 1.1 12

veGFR2 Hematologic cells 1.5 12

c-SRC Hematologic cells 5.4 12

c-KiT Hematologic cells 12.5 12

Gastrointestinal stromal tumor cells 11 63

FLT3 Hematologic cells 4 43

ReT Thyroid cancer cells 25.8 59
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Ponatinib has also been demonstrated in other studies to 

target tumor-driving molecules in various cancers. De Falco 

et al showed that ponatinib can act as a potent inhibitor of 

the RET transmembrane RTK in thyroid cancers.59 Activated 

RET mutations are commonly seen in ~98% of medullary 

thyroid carcinomas and an estimated 50% of patients with 

sporadic thyroid tumors harboring somatic RET muta-

tions.60–62 In this study, ponatinib was observed to inhibit 

immunopurified RET kinase at an IC
50

 value of 25.8 nM in 

NIH3T3 and RAT1 fibroblasts (stably expressing oncogenic 

RET mutations) and TT thyroid cancer cell lines. In addition, 

ponatinib also demonstrated a reduction in kinase activity 

of RET/V804M, an RET mutant known to confer resistance 

to other TKIs. Daily ponatinib treatment (30 mg/kg) by oral 

gavage for 3 weeks significantly reduced tumor growth 

compared to the vehicle-treated mice in a subcutaneous TT 

xenograft mouse model. Moreover, RET phosphorylation 

was also significantly decreased, as early as 5 hours after the 

commencement of ponatinib treatment. This study suggests 

that further studies evaluating ponatinib’s potential as an 

anti-RET inhibitor in patients affected by thyroid cancers 

and possibly other RET-related malignancies are warranted.

Another target of ponatinib is KIT.12,63 Garner et al 

evaluated the efficacy of ponatinib in gastrointestinal stromal 

tumor (GIST)-derived cell lines and demonstrated its potent 

effect (IC
50

 #11 nmol/L) on wild-type KIT and KIT with 

mutations within exon 11 (V559D and V560G), a primary 

“hotspot” which harbors activating mutations.63 This study 

also evaluated ponatinib’s potent inhibitory effect on the 

growth of a GIST-1 patient-derived xenograft (PDX) 

mouse model. Ponatinib treatment (30 mg/kg) resulted in 

complete tumor regression which was maintained 6 weeks 

following the withdrawal of ponatinib. In comparison, ima-

tinib (300 mg/kg), sunitinib (80 mg/kg), and regorafenib 

(100 mg/kg) treatment demonstrated tumor inhibition to 

some extent but were all inferior to ponatinib in this model.

Furthermore, Sun et al demonstrated ponatinib’s inhibi-

tory action against the multidrug-resistant (MDR) phenotype 

which is a result of the overexpression of ABC transporter 

family seen in various cancer cells.64 In fact, there are several 

ABC proteins that are known to be responsible for developing 

the MDR phenotype in cancer cells which include multidrug 

resistance proteins (MRPs).65 In this study, the overexpres-

sion of MRP7 was demonstrated in HEK/MRP7-transfected 

human embryonic kidney cells, and in the presence of 0.5 µM 

ponatinib, MRP7 gene expression was downregulated and 

MRP7 protein expression was reduced in a dose-dependent 

manner (0, 0.1, 0.25, and 0.5 µM). Although this study did 

not perform in vivo assays to further evaluate the findings, it 

highlighted the great potential of ponatinib in MDR cancer 

patients.

Based on preclinical studies demonstrating ponatinib’s 

potent effect against models involving FGFR2, RET, and 

KIT mutations, clinical trials on the treatment of patients 

with biliary cancer, solid cancers, and advanced NSCLC 

have commenced (NCT02265341, NCT02272998, and 

NCT01813734; Table 3).54,59,66

Preclinical evaluation of ponatinib 
in other tumor types
Ponatinib’s inhibitory effect against tumorigenic properties 

has also been evaluated in other cancers. Most notably, Wylie 

et al recently demonstrated that ponatinib exhibited antipro-

liferative effects against a large series of cell lines derived 

from different cancers.67 A study conducted by Zhang et al 

assessed ponatinib’s inhibitory effect against a commonly 

used GBM cell line U87MG in both in vitro and in vivo 

models.66 Ponatinib was observed to inhibit cell viability and 

induce apoptotic events with elevated sub-G1 DNA content, 

a commonly used apoptotic marker, in a dose-dependent 

manner (0.78–200 nM). Furthermore, this study observed 

inhibition of cell migration and cell invasion with ponatinib 

treatment at concentrations ranging between 1.25 and 20 nM. 

In a GBM subcutaneous xenograft mouse model, ponatinib 

markedly reduced tumor growth in a dose-dependent manner 

(5 and 10 mg/kg) after daily injection and also induced cell 

apoptosis in the tumor. In addition, Laramy et al investigated 

the variations in drug distribution and free fraction at various 

tumor implantation sites and how this influenced ponatinib’s 

efficacy in a PDX model of GBM.68 Comparing a heterotopic 

model (flank) and an orthotopic (intracranial) model, a daily 

oral dose of ponatinib (30 mg/kg) was observed to be more 

effective in reducing tumor growth of the flank (days of 

survival 32 vs 40) but not in the intracranial model (days 

of survival 40 vs 40). This study demonstrated ponatinib’s 

limited drug distribution or potential inability to cross the 

blood–brain barrier. Nonetheless, ponatinib is currently being 

evaluated in GBM patients.

The antitumor effects of ponatinib have also been dem-

onstrated to reduce neuroblastoma cells in vitro and in vivo. 

Whittle et al exposed ponatinib to a range of neuroblastoma 

cell lines (CHP-134, CHP-212, NGP, LAN-5, SH-EP, 

SK-N-AS, SK-N-BE(2), and SK-N-SH) and observed that 

ponatinib reduced cell viability (,20 µM) and cell migra-

tion (1 µM).69 Daily ponatinib treatment (30 mg/kg) by oral 

gavage for 5 days per week for 3 weeks reduced tumor 
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size and vascularity in SK-N-AS and SK-N-SH xenograft 

models. This was supported by the observation of reduced 

CD31 staining in the ponatinib-treated cohort compared to 

the untreated cohort, suggesting the possible antiangiogenic 

effects of ponatinib. Though these studies did not specifically 

asses which RTKs are inhibited by ponatinib, they demon-

strate the potential for further investigations into the use of 

ponatinib.

Several mutated or overexpressed receptors along with 

several tumor-driving molecules are known to play a signifi-

cant role during carcinogenesis, and therefore, combinational 

targeted therapies have been investigated to alleviate tumor 

burden driven by several cancer-promoting pathways. In fact, 

a number of in vitro and in vivo studies have highlighted the 

significant potential of ponatinib alone and in combination 

with other targeted inhibitors to develop a new therapeutic 

strategy to treat advanced cancers. Gozgit et al investigated 

various combinational treatments to target known activating 

mutations in FGFR2, which commonly occur along with 

genetic alterations in the mammalian target of rapamycin 

(mTOR) pathway.51 Their study examined the combinatorial 

treatment of ponatinib (anti-FGFR2 inhibitor) and ridaforoli-

mus (anti-mTOR agent) and demonstrated the dual inhibition 

of both molecules in vitro and also induced tumor regression 

in an endometrial cancer model. Furthermore, Sokolov dis-

covered that the combination of blinatumomab (a monoclonal 

antibody) and ponatinib resulted in improved long-term 

results in the treatment of relapsed Ph+ ALL.70 Based on 

these results, a Phase II clinical trial (NCT03263572) on this 

dual combination is currently recruiting Ph+ ALL patients.71

Conclusion
In summary, human malignancies are complex in nature 

and often involve multiple intrinsic cancer-driven pathways, 

Table 3 Ponatinib’s clinical trials in other cancer types

Phase Clinical trial study Patient criteria Status Trial number

ii Ponatinib Hydrochloride in Treating 
Patients with Advanced Biliary Cancer 
with FGFR2 Fusions

Patients with advanced biliary cancer that is 
refractory or intolerant to gemcitabine- or 
fluoropyrimidine-based therapy with FGFR2 
fusions

Ongoing, not 
recruiting 
participants

NCT02265341

ii Ponatinib for Patients whose 
Advanced Solid Tumour Cancer 
Has Activating Mutations involving 
FGFR1-4, ReT and KiT

Patients with refractory metastatic solid 
tumor with activating genomic alterations in 
FGFR, ReT, and/or KiT

Recruiting patients NCT02272998

ii Ponatinib in Advanced NSCLC with 
ReT Translocations

Advanced NSCLC patients with ReT 
mutation

Recruiting patients NCT01813734

ii Ponatinib Hydrochloride in Treating 
Patients with Advanced Biliary Cancer 
with FGFR2 Fusions

Patients with advanced biliary cancer that is 
refractory or intolerant to gemcitabine- or 
fluoropyrimidine-based therapy with FGFR2 
fusions

Ongoing, not 
recruiting 
participants

NCT02265341

ii Ponatinib for Patients whose 
Advanced Solid Tumour Cancer 
Has Activating Mutations involving 
FGFR1-4, ReT and KiT

Patients with refractory metastatic solid 
tumor with activating genomic alterations in 
FGFR, ReT, and/or KiT

Recruiting patients NCT02272998

ii Ponatinib in Advanced NSCLC with 
ReT Translocations

Advanced NSCLC patients with ReT 
mutation

Recruiting patients NCT01813734

ii Study of Ponatinib in Patients with 
Lung Cancer Preselected Using 
Different Candidate Predictive 
Biomarkers

Patients with stage iii–iv lung cancer including 
NSCLC and who have been previously tested 
for both eGFR mutations and anaplastic 
lymphoma kinase

Active, not 
recruiting patients

NCT01935336

ii POeTiG Trial – Ponatinib After 
Resistance to imatinib in GiST

GiST patients with failure or intolerance to 
imatinib or histologically confirmed metastatic 
and/or unresectable GiST harboring a 
primary KiT or PDGFRA mutation

Recruiting patients NCT03171389

i/ii Trial of Trametinib and Ponatinib in 
Patients with KRAS Mutant Advanced 
Non-Small Cell Lung Cancer

Patients with histologically or cytologically 
proven diagnosis of advanced lung 
adenocarcinoma harboring KRAS mutation

Recruiting patients NCT03704688

Abbreviations: GiST, gastrointestinal stromal tumor; NSCLC, non-small-cell lung cancer.
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and thus, the inhibition of single targets alone is likely to be 

therapeutically ineffective. Therefore, the use of a multiple 

targeted inhibitor like ponatinib alone or in combination with 

other agents that target other RTKs or cancer-related path-

ways provides an opportunity to inhibit cancer progression.
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