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The Accelerated Approval of Oncologic Drugs
Lessons From Ponatinib

On October 31, 2013, the US Food and Drug Adminis-
tration(FDA)suspendedmarketingandsalesof theBCR-
ABL tyrosine kinase inhibitor ponatinib (Iclusig, Ariad
Pharmaceuticals). Just 7 weeks later, on December 20,
2013, the FDA partially reversed that decision, permit-
ting use of the drug under a narrower indication. Pona-
tinib was the sixth drug approved for the treatment of
chronic myeloid leukemia (CML) or Philadelphia chro-
mosome–positiveacute lymphoblastic leukemiaand in-
dicated for patients refractory or intolerant to prior ty-
rosine kinase inhibitor (TKI) therapy (Table).

Ponatinib achieved approval through the FDA’s
AcceleratedApproval pathway,which aims to expedite
drugs tomarket, satisfyinganunmetmedical need.1 The
major advantageorbenefit of thedrug is its uniqueabil-
ity to target a gatekeepermutation in theBCR-ABLpro-
tein, the T315I transition that confers resistance to all
other approvedTKIdrugs; however, at the timeofwith-
drawal of ponatinib, the FDA indicated that the harms
of the drug, a substantial increase in arterial and ve-
nous thrombosis, outweighed the benefits. The ap-
proval, rapid withdrawal, and reintroduction of pona-
tinib illustrate ongoing complexities of the Accelerated
Approvalpathwayandhowpromptregulatoryactioncan
protect the public health.

Ponatinib was approved on December 14, 2012
(Table), based on data froma single intervention group
phase 2 trial of 449 patients with median follow-up of
10 months.2 At the time of the drug approval, the re-
sults of the phase 2 trial had not been published. Most
of the patients included were resistant or intolerant to
multiple TKIs, although 32 (7%) had been treated with
only 1 agent and 128 (29%)were known toharbor T315I
mutations.3 The primary efficacy end point was hema-
tologic and cytogenetic response. At the time of ap-
proval, approximately 50% of patients with chronic-
phase CMLhad amajor cytogenetic response, and that
responsewasmaintainedovertime(mediandurationnot
reached); 50%of patientswith accelerated phase CML
hadamajorhematologic response (medianduration,9.5
months). Thus, when approved, available data sup-
ported claims of efficacy for ponatinib regarding surro-
gate outcomesof disease control, althoughnot regard-
ing outcomes such as mortality.

Ponatinib has high efficacy among patients with
T315I mutations. This mutation, which affects approxi-
mately 15% of patients with chronic-phase CML resis-
tant to TKI therapy,4 alters the binding pocket of the
BCR-ABL protein, filling the pocket with a bulkier iso-
leucinegroupthat interfereswith thebindingofall other
approved TKIs. A total of 45 of 64 patients (70%) with
chronic-phaseCMLand theT315Imutation had amajor
cytogenetic response after treatment with ponatinib.3

AmongapprovedCMLagents,onlyomacetaxine, anon-
TKI drug, has activity when this mutation is present.
However, the initial FDAapproval for ponatinibwasnot
solely for patients with T315I mutations but for any pa-
tientwithCMLwhohadnotbenefitted fromorcouldnot
tolerate 1 of the 4 approved TKIs.

When ponatinib was approved, there was sugges-
tion of adverse events. The drug label noted that 8%of
participants treated with the drug had “cardiovascular,
cerebrovascular, andperipheral vascular thrombosis, in-
cluding fatal myocardial infarction and stroke.”2 Just 1
monthbefore theFDAapproval, results fromthephase
1 trial ofponatinibwerepublished, reporting safetydata
for 81 patients with a median follow-up of 56 weeks.5

However, thatpublicationreported littleevidenceofvas-
cular adverseevents anddidnotmention thrombosisor
stroke.

The withdrawal of ponatinib from the market was
based on emerging data indicating higher rates of arte-
rialandvenousthrombosisthanpreviouslydocumented.6

With amedian follow-upof 1.3 years, approximately 108
patients (24%) in the phase 2 study experienced myo-
cardial infarction, stroke, limb ischemia, and stenosis of
vessels totheheart,extremities,andbrain,promptingur-
gent revascularization.6 With a median follow-up of 2.7
years, thephase1studyreportedadversevascularevents
inapproximately39participants (48%).6Although ithas
been suggested that underlying cardiovascular risk fac-
torswereresponsible fortheseevents, this isunlikely3be-
cause these vascular events were not apparent in late-
phase trials of other TKIs in similar patients. Moreover,
therewasnosafedurationnotedforponatinibandnorisk-
freeusers.Eventsoccurredassoonas2weeksafterstart-
ing the drug among patients without cardiovascular risk
factors or those in their 20s.6

On December 20, 2013, the FDA provided guid-
ance for the reintroduction of ponatinib to the USmar-
ket. Notably, the drug’s indicationwas narrowed to pa-
tients with T315I mutations, or those in whom all other
tyrosine kinase inhibitors have failed. The drug manu-
facturerwasasked to revise thewarning label, acknowl-
edging vascular events in more than 1 in 4 patients, as
well as conduct postmarket investigations evaluating
dose, response, and toxicity. Under these conditions,
ponatinib is expected to return tomarket inearly2014.7

What are the important lessons of ponatinib? First,
ponatinib illustrates core tensions inherent in the
AcceleratedApproval program.Although incurablema-
lignancies have been considered to constitute an un-
metmedical need,1 there is an importantdistinctionbe-
tween a patient with chronic-phase CML who cannot
tolerate imatinib because of nausea and a patient with
chronic-phase CMLwho has progressed through treat-
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mentwith imatinib,dasatinib,nilotinib, andbosutinib.However, the
initial approval for ponatinib did not distinguish between the sce-
narios; the FDA likely expected physicians to prescribe other drugs
first.Accordingly, acceleratedapprovals shouldbeasnarrowaspos-
sible, focusing on patients who have few or no treatment choices,
particularlywhenalternativeagentsexisthavingrobustevidenceand
moreextensive safetydata. In this case, the revised indicationcould
easilyhaveservedas the initial indication,andpatientswithoutT315I
mutations could have been treated with the other tyrosine kinase
inhibitors before receiving ponatinib.

Second,ponatinib raises the issueof appropriateadverseevent
reporting. Themost important aspect of the phase 1 study of pona-
tinibwas that therewerenoreportsofarterial thrombosiswithame-
dian follow-up of 56 weeks.5 At 2.7 years, this complication af-
fected an estimated 39 patients (48%). This difference is unlikely
to have a biological basis but ismore likely a consequence of failure
to link thrombosis to the study medication and the possibility that
adverse events increase over time. Failing to see a pattern gener-
ally is unusual in medicine. However, with the increasingly frag-
mented and multicenter nature of commercial phase 1 testing, al-
most no physician participating in these studies would have the
opportunity to detect a pattern, because individual physicians pro-
vide care for just a few patients in a trial before it is closed to ac-
crual. This places a greater burden on the investigators to examine
the data closely for adverse events.

Third, the case of ponatinib illustrates the important role regu-
latory agencies have in protecting the public health. The suspension

of ponatinib drew prompt attention to serious harms andmitigated
the risk from the initial drug approval. At the same time, thedecision
triggered concerns and reactions, relying on anecdotal cases of pa-
tients doing well while receiving treatment or a general confidence
thatphysicians andpatients canmake the right choicewithout regu-
latory restrictions.When adrug is brought tomarket rapidly, there is
a lagbetweeninformationavailabletoregulatorsandinformationpub-
lishedandavailabletoclinicians.Forthetimebeing, therewillbeadeli-
cate balance between bringing drugs tomarket faster and the inevi-
table instanceswhen, justasquickly, thedrugswillneedtoberemoved
from themarket or their indications revised.

Fourth, the current FDA position is prudent. For patients cur-
rently taking ponatinib and not responding, or for those outside of
the revised indication, several preferable therapies exist. For pa-
tients taking the drug and doing well, continued administration of
ponatinib with careful monitoring under the auspices of a respon-
sible physician is also reasonable. Informed consent should be re-
addressed, with explicit discussion of the clearer knowledge of
harms.ForpatientswithT315Imutationswhohaveexperienceddis-
easeprogressionwhilebeing treatedwithomacetaxine,or for those
in whom all other tyrosine kinase inhibitors have failed, ponatinib
will againbea treatmentoption.However, thedrug shouldbe taken
onlywith full understanding that the risks and benefits are not cer-
tain, possiblynot favorable, and thatother treatments exist, includ-
ing clinical trials or allogeneic stem cell transplantation. Ponatinib
is only the latest chapter in the story of BCR-ABL, and the conclu-
sion of the story has yet to be written.
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Table. List of FDA-Approved Drugs for the Treatment of ChronicMyeloid Leukemia (CML)

Drug Initial Indication Initial Approval Date
Imatinib (1) Treatment of newly diagnosed, chronic Philadelphia chromosome–positive CML

(2) CML in blast crisis, accelerated phase, or in chronic phase after failure of interferon-alpha therapy
(3) Kit (CD117)–positive advanced gastrointestinal stromal tumors

April 18, 2003

Dasatinib Chronic, accelerated, or blast phase Philadelphia chromosome–positive CML resistant or intolerant to
prior therapy, including imatinib

June 28, 2006

Nilotinib Chronic or accelerated Philadelphia chromosome–positive CML resistant or intolerant to prior therapy,
including imatinib

October 29, 2007

Bosutinib Chronic, accelerated, or blast phase Philadelphia chromosome–positive CML resistant or intolerant to
prior therapy

September 4, 2012

Omacetaxine Chronic or accelerated phase CML resistant and/or intolerant to !2 tyrosine kinase inhibitors. October 26, 2012

Ponatinib For CML resistant or intolerant to prior tyrosine kinase inhibitor therapy or resistant or intolerant
Philadelphia chromosome–positive ALL

December 14, 2012

Abbreviations: ALL, acute lymphoblastic leukemia; FDA, US Food and Drug Administration.
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