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Abstract

On December 18, 2020, US Food and Drug Administration (FDA) approved a supplemental application for ponatinib extending the indica-
tion in patients with chronic-phase chronic myeloid leukemia (CP-CML) to patients with resistance or intolerance of at least 2 prior kinase
inhibitors. Ponatinib was initially approved in December 2012 but was briefly voluntarily withdrawn due to serious safety concerns including
the risk of arterial occlusive events (AOE). It returned to the market in December 2013 with an indication limited to patients with T315] mu-
tation or for whom no other tyrosine kinase inhibitor (TKI) therapy was indicated with revised warnings and precautions. A post-marketing
requirement was issued to identify the optimal safe and effective dose for CP-CML. Thus, the OPTIC trial was performed, which random-
ized patients to 1 of 3 doses, 45 mg, 30 mg, or 15 mg, with a dose reduction to 15 mg on achievement of MR2 (BCR-ABL'S <1%). Patients
enrolled were treated with at least 2 prior TKIs or had a T315l mutation. Patients with a history of clinically significant, uncontrolled, or
active cardiovascular disease were excluded. Efficacy was established on an interim analysis based on the rate of MR2 at 12 months in the
modified intent-to-treat population of 261 patients, with 88, 86, and 87 patients in the 45, 30, and 15 mg cohorts, respectively. With a me-
dian follow-up of 28 months, the rate of achievement of MR2 at 12 months was 42%, 28%, and 24% in the respective cohorts. The safety
profile was consistent with that observed in prior evaluations of ponatinib with notable adverse reactions including pancreatitis, hyperten-
sion, hyperlipidemia, liver dysfunction, and AOE. Of patients treated at the 45/15 mg dose, AOEs were seen in 13%, with a higher rate
being observed in patients age 65 or older compared to younger patients. A readjudication of AOEs seen on the prior pivotal phase 2 study
resulted in a rate of 26%. Overall, the results supported a modification of the recommended dose for patients with CP-CML to 45 mg until
the achievement of MR2 followed by a reduction to 15 mg. The expansion of the indication to patients with exposure to 2 prior TKls was
approved given data showing that ponatinib could be successfully used for the treatment of this population with appropriate monitoring
and screening for risk factors.
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Implications for Practice

The approval of ponatinib for patients with chronic-phase chronic myeloid leukemia with resistance or intolerance of at least 2 prior kinase
inhibitors, with appropriate monitoring and screening for AOE risk factors, provides another treatment option for patients with a poorer
prognosis.

Introduction have a good prognosis, with life expectancy approaching
normal for many patients with this condition."”> However,
CML which is resistant to multiple targeted therapies or
with mutations that confer resistance to BCR-ABL targeting
TKIs has a much poorer prognosis.? The T3151 mutation, in
which a point mutation in the BCR-ABL fusion gene results
in the substitution of isoleucine for threonine in position

CML, with better results if the treatment is initiated during 315 of the pmt,ein (T315I), confers reSiStar,lce to all first af¥d
the chronic phase (CP) of the disease.! Since the approval second-generation TKIs. The T3151 mutation is observed in

of TKIs inhibiting BCR-ABL, CML has been considered to 0-25% of patients with CML in various series,>> with higher

Chronic myeloid leukemia (CML) is a chronic malignancy
characterized by the build-up of immature myeloid pre-
cursors in the peripheral blood due to the BCR-ABL fusion
protein. Treatment with specific tyrosine kinase inhibitors
(TKIs) targeting BCR-ABL results in durable hematologic,
cytogenetic, and molecular responses in most patients with
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rates of occurrence in relapsed disease compared to de novo
disease.

Ponatinib is a third-generation TKI that is active against
CML with mutations in BCR-ABL, including the T315I
mutation. It was initially approved under accelerated ap-
proval provisions by the US Food and Drug Administration
(FDA) in December 2012 for use in CML or Philadelphia
chromosome-positive (Ph+) acute lymphoblastic leukemia
(ALL) resistant or intolerant to prior TKI therapy (Table 1).°
At the time of approval, a boxed warning was included in
the label describing arterial occlusive events (AOE) associ-
ated with the use of ponatinib, along with a warning con-
cerning hepatotoxicity. The risk of AOE was estimated to be
8% based on preliminary findings from the pivotal Phase 2
trial of ponatinib in patients with refractory CML and Ph+
ALL (PACE; NCT01207440) trial.” However, post-marketing
data suggested a much higher risk of AOE, including events
observed in younger patients with no known risk factors. The

Table 1. Ponatinib background information.

Structure N

Ponatinib is a kinase inhibitor that inhibits the
activity of ABL and T3151 mutant ABL

The mean C_ and AUC,, of ponatinib 45 mg
orally once daily at presumed steady state in pa-
tients with advanced hematologic malignancies
were 73 ng/mL (74%) and 1253 ng-h/mL (73%),
respectively.

Peak concentrations of ponatinib are observed
within 6 hours of oral administration. Food

had no clinically significant effect on ponatinib
exposure.

Ponatinib is 99% plasma bound in vitro with
no displacement in vitro by other highly plasma
bound medications.

The mean terminal elimination half-life was
approximately 24 (12-66) hours. At least 64%
of a dose undergoes phase I and II metabol-

ism. CYP3A4 and, to a lesser extent, CYP2CS,
CYP2D6, and CYP3AS are involved in the phase
I metabolism.

Following a single oral dose of radiolabeled
ponatinib, 87% of the dose was recovered in the
feces and 5% in the urine.

December 2012: For adults with CML in
chronic, accelerated, or blast phase that is re-
sistant or intolerant to prior TKI therapy or Ph+
ALL that is resistant or intolerant to prior TKI
therapy; withdrawn.

December 2013: For adults with CML in
chronic, accelerated, or blast phase or Ph+ ALL
withT3151 mutation or for whom no other TKI
therapy is indicated

June 2016: Indications updated to explicitly
state that ponatinib is not indicated and not re-
commended for treatment of patients with newly
diagnosed chronic phase CML.

Mechanism of
Action

Pharmacokinetics

Prior Approvals

Abbreviation: TKI, tyrosine kinase inhibitors.
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product was voluntarily withdrawn by the sponsor from the
market in October 2013 due to these findings.® Ponatinib
was reintroduced in December 2013 with revised warnings
and precautions, including an updated boxed warning with
a higher incidence of vascular occlusion (AOE plus venous
thromboembolism [VTE]) of 27%, continued information on
hepatotoxicity, new information on heart failure, and a Risk
Evaluation and Mitigation Strategy that included a commu-
nication plan.” At the time of reintroduction, the indication
was limited to patients with T3151 mutation or for whom no
other TKI therapy was indicated. Several new post-marketing
requirements (PMRs) were added, including PMR 2113-
6, which required examination of the efficacy and safety of
ponatinib at a variety of doses.!’ In November 2016, regular
approval was granted to ponatinib based on updated efficacy
and safety data from PACE with a minimum of 48 months
follow-up.!12 The incidence of AOEs documented in the label
was updated to 35% at this time.!? It was noted that AOEs
tended to occur later in the course of treatment, with a me-
dian time to cerebrovascular and peripheral vascular events
being more than 1 year after the start of treatment.

In July 2020, the Sponsor submitted a supplemental NDA
to the FDA in which they proposed 2 major changes to the
prescribing information. First, a new dosing regimen was
proposed for patients with CP-CML based on data from the
trial entitled “A Randomized, Open-Label, Phase 2 Trial of
Ponatinib in Patients with Resistant Chronic Phase Chronic
Myeloid Leukemia to Characterize the Efficacy and Safety
of a Range of Doses” (OPTIC trial; NCT02467270), which
was initiated to fulfill a safety post-marketing requirement.
Second, the Sponsor proposed to revise the ponatinib indica-
tion to include an earlier line of therapy.

Assessment of Efficacy and Safety by Dose
Schedule

Safety and efficacy results were reviewed across trials of
ponatinib in patients with CP-CML using different doses
and schedules. The OPTIC study served as the pivotal trial
that evaluated new dosing regimens of ponatinib, whereas
follow-up from the original PACE study provided long-term
efficacy and safety data on the original dose regimen.

Clinical Trials Overview

OPTIC was an open-label, randomized, dose-optimization
study of ponatinib in adults with CP-CML whose disease
was resistant or resistant/intolerant to at least 2 prior kinase
inhibitors or who have the T315I mutation. Patients with
uncontrolled hypertension or diabetes and patients with
clinically significant, uncontrolled, or active cardiovascular
disease, including any history of myocardial infarction, per-
ipheral vascular infarction, revascularization procedure, con-
gestive heart failure (CHF), venous thromboembolism, or
clinically significant/ventricular arrhythmias, were excluded.
The study randomized patients 1:1:1 to one of 3 doses of
ponatinib, 45 mg (cohort A), 30 mg (cohort B), or 15 mg (co-
hort C). Patients who were randomized to the 45 mg or 30 mg
dose reduced their dose to 15 mg daily after the achievement
of molecular response with <1% BCR-ABL® (MR2). In add-
ition, dose reduction was allowed for toxicity. The primary
efficacy outcome examined was the achievement of MR2 at
12 months after initiation of therapy. Secondary outcomes of
interest included safety, <0.1% BCR-ABL®™ (MR3, also known
as a major molecular response or MMR), complete or major
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cytogenetic response (CCyR or MCyR), duration of response
(DOR), and overall survival (OS).

The final analysis was to be performed when all subjects
are in the study for at least 12 months. The objective was
to test the hypothesis that the rate of MR2 was greater than
20%. With a planned sample size of 276 patients (92 in each
of the cohorts) and a true response rate of 35%, the study had
80% power to exclude a 20% response rate, with a 2-sided
alpha of 0.0167 (Bonferroni method) in each cohort using
an exact binomial test. The application provided results of a
preplanned interim analysis performed after all patients en-
rolled in the study, which was descriptive in nature.

The PACE trial was a single-arm phase 2 study of ponatinib
in adults with chronic phase, accelerated phase, or blast phase
CML or Ph+ ALL whose disease was resistant or intolerant
to either dasatinib or nilotinib or developed the T3151 muta-
tion after any TKI therapy. Exclusion criteria regarding car-
diovascular risk factors were less restrictive than on OPTIC,
with the exclusion of only uncontrolled hypertriglyceridemia
and clinically significant or active cardiovascular disease,
including the history of clinically significant atrial/ventricular
arrhythmias or myocardial infarction, unstable angina, or
congestive heart failure (CHF) within 3 months. Further de-
tails of the protocol design and endpoints have been described
elsewhere.® The only dose tested in this study was 45 mg
daily continuously until progression or unacceptable toxicity.
However, dose reductions for adverse events (AEs), particu-
larly AOE, were allowed. Dose modification was common in
patients treated on PACE, with 59% of patients requiring a
dose reduction to 30 mg or 15 mg daily.”” After early evalu-
ation of the data demonstrated a high risk of AOE and VTE,
the PACE trial was modified to allow dose reduction to
15 mg for patients with CP-CML in MCyR and 30 mg daily
for other patients. A post hoc analysis of the data suggested
that dose reduction did not lead to a higher risk of loss of
response'’; however, this was not part of the prespecified stat-
istical analysis plan. A second post hoc analysis of multiple
trials, including PACE, suggested a lower risk of AOE among
patients who were dose reduced to 15 mg daily.' In addition,
the risk of other AEs including pancreatitis, rash, and cardiac
failure, increased transaminases, and arthralgia were related
to dose intensity. Although, there remained uncertainty as to
the best starting dose of therapy. The frequent requirement
for dose reduction as well as uncertainty about whether a
lower dose might be equally efficacious formed the basis for
the requirement to study a range of doses, as was done in the
OPTIC trial.

Demographics and Treatment Characteristics

The OPTIC study randomized a total of 283 patients inter-
nationally, including 94 on Cohort A, 95 on Cohort B (one
patient in this cohort was not treated), and 94 on Cohort
C. Baseline demographic characteristics of the 282 treated
patients are presented in Table 2. In general, the cohorts
were well balanced with minor variability between arms.
Baseline demographics from the 270 patients with CP-CML
from the PACE trial are also provided in Table 1 for com-
parison to OPTIC. The median age on OPTIC was 48 years,
which is lower than patients enrolled in the PACE study
(60 years for patients with CP-CML). Relatively few pa-
tients of minority race or ethnicity were enrolled in either
trial. In contrast to PACE, few patients on OPTIC were
treated in North America, with the majority being treated
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in Russia or South America. A small number of patients on
both trials were previously treated with only a single TKI,
while the majority in both trials were treated with at least
3 prior TKIs, and a considerable number were treated with
imatinib plus a second-generation TKI. By design, few pa-
tients on OPTIC had a history of arteriovascular disease or
risk factors for arteriovascular disease, with the exception
of hypertension, which was observed in 29% of patients. In
contrast, 18% of patients with CP-CML treated on PACE
had a history of ischemic disease, and all examined risk
factors except obesity were more commonly seen in PACE
compared to OPTIC.

Efficacy Results

Results of the preplanned interim analysis on OPTIC
showed an MR2 at 12 months in 29 out of 75 evaluable
patients (39%; 95% confidence interval [CI]: 28%-51%)
in cohort A, 20 out of 73 (27%; 95% CI: 18%-39%) in
cohort B, and 18/68 (27%; 95% CI: 17%-39%) in cohort
C. An additional interim efficacy analysis was evaluated
with approximately 7.5 months further data on the modi-
fied intent to treat (ITT) population of 261 patients (88
on Cohort A, 86 on Cohort B, and 87 on Cohort C) who
had b2a2/b3a2 BCR ABLI1 transcripts and reached the
12-month timepoint or who had discontinued the study
before 12 months, the latter of whom were considered
non-responders. With a median follow-up of 28 months,
the rate of achievement of MR2 at 12 months was 42% in
cohort A, 28% in cohort B, and 24% in cohort C (Table
3). The median duration of response was not reached for
all cohorts. Higher rates of MCyR were seen in cohort
A as well. The rate of MR3 was similar between the 3
cohorts.

Exploratory subgroup analyses demonstrated similar rates
of achievement of MR2 in cohort A for patients who were
treated with 2 prior TKIs versus 3 or more and those with or
without T3151 mutation (Table 4). The rates of MR2 were
lower in cohorts B and C for patients with versus without
the T3151 mutation. Furthermore, it was noted that patients
aged 65 years or older were less likely to achieve MR2 at
any dose compared with those aged less than 65. A higher
rate of MR2 at 12 months was observed in patients aged 65
years and older treated on cohort A compared to the other
cohorts, but the rate (29%) was lower than that for patients
aged less than 65 (45%). However, it should be noted that
the confidence interval for older patients on cohort A was
wide (8.4%-58%) and overlapped with that of younger pa-
tients (33%-57%).

The submission provided updated efficacy data from
PACE, which minimally impacted results already contained in
labeling for ponatinib. An analysis of efficacy data with a me-
dian follow-up of 40.5 months was performed on the modi-
fied ITT population of 267 patients with CP-CML, excluding
patients without confirmation of T315I mutation status and
patients who had not received prior dasatinib or nilotinib.
Although not a prespecified endpoint on the PACE trial, FDA
performed an exploratory analysis of MR2 at 12 months
for comparison to the OPTIC trial. MR2 at 12 months was
achieved by 34% (95% CI 29%-40%) of 267 CP-CML pa-
tients on PACE. MR3 at any time was 40% (95% CI 35%-
47%). With a minimum follow-up of 60 months, the median
duration of MR3 (range: 1 day to 67.8 months) had not been
reached.
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Table 2. Selected demographic and disease characteristics of patients participating in the OPTIC trial overall and by treatment cohort and in PACE.

Trial OPTIC PACE
Demographic parameters Cohort A Cohort B Cohort C Total CP-CML Total
45 mg — 15 mg 30 mg — 15 mg 15 mg (N=282) (N =270) (N =449)
(N=94) (N=94) (N=94)
Sex
Male 50 (53%) 38 (40%) 53(56%) 141 (50%) 144 (53%) 238 (53%)
Female 4 (47%) 56 (60%) 1 (44%) 141 (50%) 126 (47%) 211 (47 %)
Age
Median (years) 46 50.5 49.0 48.0 60.0 59.0
Min, max (years) 19, 81 21,77 18, 81 18, 81 18, 94 18,94
Race
White 73 (78%) 77 (82%) 72 (77%) 222 (79%) 218 (81%) 352 (78%)
Black or African American 1(1%) 2 (2%) 3(3%) 6 (2%) 1(4%) 5(6%)
Asian 16 (17%) 12 (13%) 15 (16%) 43 (15%) 2 (12%) 9 (13%)
Other 2 (2%) 1(1%) 0 (0%) 3 (1%) 3 (1%) 5(1%)
Unknown/Missing 2 (2%) 2 (2%) 4 (4%) 8 (3%) 6 (2%) 8 (2%)
Ethnicity
Hispanic or Latino 22 (23%) 26 (28%) 20 (21%) 68 (24%) 21 (8%) 42 (9%)
Not Hispanic or Latino 70 (75%) 67 (71%) 72 (77%) 209 (74%) 249 (92%) 407 (91%)
Missing 2 (2%) 1(1%) 2 (2%) 4 (1%) 0 0
Region
North America 0(11%) 9 (10%) 7 (7%) 26 (9%) 111 (41%) 206 (46%)
South America 2 (23%) 25 (27%) 16 (17%) 63 (22%) 0 0
Europe excluding Russia 0(11%) 17 (18%) 19 (20%) 46 (16%) NA NA
Russia 8 (40%) 31 (33%) 38 (40%) 107 (38%) NA NA
Asia 4(15%) 12 (13%) 14 (15%) 40 (14%) 27 (10%) 44 (10%)
Europe (all regions)/Australia NA NA NA NA 132 (49%) 199 (44%)
Smoker?
Current 9 (10%) 14 (15%) 16 (17%) 39 (14%) 1(8%)" 23 (5%)*
Former 20 (21%) 23 (24%) 17 (18%) 60 (21%) NA NA
Never 65 (69%) 55(59%) 59 (63%) 179 (63%) 0 (4%) 11 (2%)*
Unknown 0 2 (2%) 2 (2%) 4 (1%) 239 (89%) 415 (92%)
Prior treatment
Single TKI 1(1%) 1(1%) 4 (4%) 6 (2%) 18 (7%) 1(7%)
Imatinib + 2" gen TKI 37 (39%) 28 (30%) 34 (36%) 99 (35%) 89 (33%) 155 (35%)
Any 2 2 gen TKIs 6 (6%) 9 (9%) 8 (9%) 23 (8%) 3 (1%) 6 (1%)
At least 3 TKIs 50 (53%) 56 (60%) 48 (51%) 154 (55%) 159 (59%) 38256 (57%)
No prior approved TKIs 0 0 0 0 1 (<1%) 1 (<1%)
T3151 status
Yes 25 (27%) 21 (22%) 20 (21%) 66 (23%) 60 (22%) 190 (43%)
No 67 (71%) 73 (77%) 74 (79%) 216 (77%) 188 (70%) 216 (48%)
Missing 2 0 0 2 (8%) 43 (10%)
History of ischemic disease
Yes 3(3%) 1(1%) 0 4 (1%) 8 (18%) 67 (15%)
No 1(97%) 3(99%) 94 (100%) 278 (99%) 222 (82%) 382 (85%)
History of hypertension
Yes 9(31%) 7 (29%) 4(26%) 81(29%) 102 (38%) 159 (35%)
No 5(79%) 7 (71%) 70 (74%) 201 (71%) 168 (62%) 290 (65%)
History of diabetes
Yes 5(5%) 3(3%) 7 (7%) 5(5%) 5(13%) 57 (13%)
No 89 (95%) 1(97%) 7 (93%) 267 (95%) 235 (87%) 392 (87%)
History of hypercholesterolemia
Yes 3(3%) 4 (4%) 6 (6%) 13 (5%) 65 (24%) 100 (22%)
No 1(97%) 0 (96%) 8 (94%) 269 (95%) 205 (76%) 349 (78%)
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Table 2. Continued
Trial OPTIC PACE
Demographic parameters Cohort A Cohort B Cohort C Total CP-CML Total
45 mg — 15 mg 30 mg — 15 mg 15 mg (N =282) (N=270) (N = 449)
(N =94) (N =94) (N=94)
History of obesity
Yes 8 (9%) 10 (11%) 4 (4%) 22 (8%) 15 (6%) 19 (4%)
No 86 (91%) 84 (89%) 90 (96%) 260 (92%) 255 (94%) 430 (96%)

*Smoking status was described as “yes” or “no” only in the PACE trial.
Abbreviation: TKI, tyrosine kinase inhibitors.

Table 3. Primary and key secondary efficacy results of OPTIC.

Cohort A Cohort B Cohort C
45mg—>15 30mg—15 15mg
mg mg
MR2/<1% BCR-ABL1S 88 86 87
at 12 months (N)b
Number of re- 37 24 21
sponders
Rate (95% CI), % 42 (32,53) 28 (19, 39) 24 (16, 395)
MR3%€ at 12 months 88 86 87
Number of re- 13 17 15
sponders
Rate (95% CI), % 15 (8.1, 24) 20 (12, 30) 17 (10, 27)
MCyR¢ by 12 months 86 85 85
Number of re- 42 22 36
sponders
Rate (95% CI), % 49 (38,60) 26 (17,37) 42 (32, 54)

Includes information from interim efficacy analysis with median duration
of follow-up 28 months.

ITT population includes patients who had b2a2/b3a2 BCR ABL1
transcripts. Excludes patients that did not reach the 12-month timepoint
while still on study. Patients with MR2 at baseline or patients who
discontinued treatment or terminated study before 12 months were treated
as a non-responders.

‘Based on ITT population includes patients who had b2a2/b3a2 BCR
ABL1 transcripts. Excludes patients that did not reach the 12-month
timepoint and patients with MR3 at baseline.

9Based on ITT cytogenetic population defined as patients who had a
cytogenetic assessment at baseline with at least 20 metaphases examined.
Excludes patients who did not reach the 12-month timepoint and patient
with CCyR at baseline.

Abbreviations: CI, confidence interval; MCyR, major cytogenetic response;
N, number of evaluable patients.

Safety Results

On OPTIC, the review of the safety focused on an analysis
across cohorts A, B, and C. At least one treatment-emergent
adverse event (TEAE) was observed in 96% of patients on the
study and 100% of patients in cohort A. Common (210%)
nonhematological adverse reactions and adverse events of
special interest are listed in Table 5 and notable laboratory ab-
normalities are listed in Tables 6 and 7. Events more common
on cohort A (>5 percentage points difference compared to
other cohorts) included thrombocytopenia, rash, neutropenia,
infection, hepatic dysfunction, hyperlipidemia, pyrexia, car-
diac failure, dry skin, and cardiac arrhythmias. A smaller dose/
response effect was observed for AOE, pancreatitis, and ab-
dominal pain. Hypertension was more common in patients on
cohort A and B compared to cohort C. Laboratory abnormal-
ities seen more commonly in cohort A included hemoglobin
decreased, lipase increased, transaminases increased, glucose

Table 4. Subgroup analysis of efficacy by dose cohort for patients treated
on OPTIC?®.

Cohort A Cohort B Cohort C
45 mg — 30 mg — 15 mg
15 mg 15 mg (N=287)
(N = 88) (N = 86)
MR2 at 12 months by the number of prior TKI therapies
For those having 39 35 38
2 prior TKIs
Number of re- 15 12 11
sponders
Rate (95% CI), % 38 (23,55)  34(19,52) 29 (15,46)
For those having 48 51 45
3+ prior TKIs
Number of re- 22 12 10
sponders
Rate (95% CI), % 46 (31,61)  24(13,37) 22 (11,37)
MR2 at 12 months by T315I mutation status
For those with 24 20 18
T3151 mutation
Number of re- 10 4 2
sponders
Rate (95% CI), %  42(22,63) 20 (5.7,44) 11 (1.4,35)
For those without 64 66 69
T3151 mutation
Number of re- 27 20 19
sponders
Rate (95% CI), % 42 (30,55)  30(20,43) 28 (17,40)
MR2 by age cohort
Age < 65 years 74 75 80
Number of re- 33 23 20
sponders
Rate (95% CI), % 45 (33,57) 31(21,42) 25 (16, 36)
Age > 65 years 14 11 7
Number of re- 4 1 1
sponders
Rate (95% CI), % 29 (8.4,58) 9.1(0.2,41) 14 (0.4, 58)

Includes information from interim efficacy analysis with median duration
of follow-up 28 months.

’ITT population includes patients who had b2a2/b3a2 BCR ABL1
transcripts. Excludes patients that did not reach the 12-month timepoint
while staying on study.

Abbreviations: CI, confidence interval; MR2, <1% BCR-ABL1%; N,
number of evaluable patients; TKI, tyrosine kinase inhibitors.

increased, and triglycerides increased. Only a single treatment-
emergent venous thromboembolic event, occurring in cohort
A, was observed in patients treated on OPTIC.
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Table 5. Common (>10%) treatment emergent adverse events and adverse events of special interest in patients on the OPTIC trial, excluding laboratory

terms.
Event® Cohort A Cohort B Cohort C Total

45 mg — 30 mg — 15 mg (N =282)

15 mg 15 mg (n=94)

(n=94) (n=94)
Any 4 (100%) 8 (94%) 8 (94%) 270 (96%)
Rash 8 (51%) 4 (36%) 6(28%) 108 (38%)
Arthralgia/myalgia 6 (28%) 1(33%) 1(22%) 8 (28%)
Hypertension® 1(33%) 4 (36%) 4 (26%) 7 (31%)
Infection 9 (31%) 8 (19%) 3 (24%) 0(25%)
Abdominal pain¢ 6 (28%) 3 (24%) 9 (20%) 8 (24%)
Hepatic dysfunction 3(25%) 5(16%) 4 (26%) 2 (22%)
Pancreatitis 2 (23%) 8 (19%) 4 (15%) 4 (19%)
Headache 6 (17%) 6 (17%) 7 (18%) 9 (17%)
AOE! 6 (17%) 4 (15%) 1(12%) 1(15%)
Constipation 0(11%) 1(12%) 4 (15%) 5 (12%)
Eye disorders® 0(11%) 3(14%) 9(10%) 2 (11%)
Hemorrhage 1(12%) 4 (15%) 6 (6%) 1(11%)
Cardiac arrythmias (SMQ) 4 (15%) 9 (10%) 5(5%) 8 (10%)
Pyrexia 5(16%) 4 (4%) 9 (10%) 8 (10%)
Fatigue/asthenia 9 (10%) 11 (12%) 6 (6%) 6(9%)
Edema 5(5%) 8 (9%) 11 (12%) 4(9%)
Cardiac failure 1(12%) 4 (4%) 3 (3%) 8 (6%)
Dry skin 1(12%) 5(5%) 4 (4%) 20 (7%)
Neuropathy 7(7%) 5(5%) 10 (11%) 22 (7%)
Venous thromboembolism 1(1%) 0 0 1 (<1%)

3See supplemental documents for grouped terms

Varies slightly from label due to inclusion of white coat hypertension
“Varies slightly from label due to inclusion of preferred term dyspepsia

dIncludes all search terms. See also AOE discussion in the section below for further information

‘Excluding vascular

Table 6. Grade 3+ hematologic laboratory abnormalities of >5%

incidence in patients on OPTIC.

Laboratory test ~ Cohort A Cohort B Cohort C  Total
45mg—» 30mg— 15mg (N=282)
15 mg 15 mg (n=94)
(n=94) (n=94)
Platelet count 9 (31%) 9 (31%) 7 (29%) 7 (29%)
decreased
Neutrophil 21 (22%) 19 (20%) 22 (23%) 63 (22%)
count decreased
Hemoglobin 13 (14%) 6 (6%) 5(5%) 22 (8%)
decreased
WBC decreased 12 (13%) 12 (13%) 6 (6%) 30 (11%)
Lymphocyte 7(7%) 8(9%) 6 (6%) 21 (7%)
decreased

A review of PACE safety data confirmed the previously
identified risks documented in the label. Serious adverse events
(SAEs) occurred in 304/449 (68%) of patients on PACE, with
the most common SAEs (>5%) being AOE, pneumonia, ab-
dominal pain, cardiac failure, pancreatitis, arrhythmias, and
hemorrhage. Twenty-seven (6 %) malignant neoplasms other
than the condition under treatment were observed in patients
on PACE, including skin cancers (including melanoma) seen

in 13 patients. The other malignancies observed were varied
without a single dominant condition being seen. Malignancies
other than CML were seen only rarely on OPTIC (2 patients);
however, the follow-up time is too short to draw conclusions
for that study.

Dose modifications and discontinuations due to adverse
events (AEs) occurred commonly in patients treated on
OPTIC, in 70%, 64%, and 58% of patients on cohorts A, B,
and C, respectively, including discontinuation in 18%, 15%,
and 16% of patients, respectively. The most common events
leading to discontinuation included thrombocytopenia,
AOE, other cytopenias, infection, and other cardiac or vas-
cular events including hypertension, sudden death, and car-
diac failure. FDA concluded that a total of 4 (1%) deaths on
OPTIC were possibly resulted from the toxicity of ponatinib.
Two deaths, both characterized as sudden death, occurred in
cohort A and 2, both attributed to infection, in cohort C. No
deaths on treatment were observed in cohort B.

The Sponsor submitted long-term safety data from PACE,
which included independent adjudication of AOE and venous
thromboembolism events to better characterize the risk of
thrombotic events in this population. The company proposed
that some events considered to be AOEs in prior labeling may
have been miscategorized, leading to overestimation of the
risk of AOEs in the label. To assess the proposal, events iden-
tified as possible or probable AOE in PACE and OPTIC by
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Table 7. All-grade non-hematologic laboratory abnormalities occurring in
>20% of patients on OPTIC.

Laboratory test Cohort A Cohort B Cohort C  Total
45mg— 30mg— 15mg (N=282)
15 mg 15 mg (n=94)
(n=94)  (n=94)
Liver Function Tests
ALT increased 46 (49%) 29 (31%) 37 (39%) 112 (40%)
AST increased 38 (40%) 22 (23%) 26 (28%) 86 (31%)
Alkaline 22 (23%) 18(19%) 20(21%) 60 (21%)
phosphatase
increased
Pancreatic Enzymes
Lipase in- 32(34%) 26 (28%) 22 (23%) 80 (28%)
creased
Other Chemistry
Glucose in- 43 (46%) 35 (37%) 37(39%) 115 (41%)
creased
Triglycerides 39 (42%) 29 (31%) 27 (29%) 95 (36%)
increased
BNP 36 (38%) 29 (31%) 22(23%) 87 (31%)
Cholesterol 33 (35%) 17 (18%) 22(23%) 72 (26%)
Phosphate de- 25 (27%) 27 (29%) 21 (22%) 73 (26%)
creased
Bicarbonate 25(27%) 19 (20%) 24 (26%) 68 (24%)

decreased

Abbreviations: ALT, alanine transferase; AST, aspartate aminotransferase;
BNP, B-type natriuretic peptide.

included AE terms were adjudicated by the company and the
FDA.

AOEs were identified using AE terms in 156 (35%) of pa-
tients on the PACE study. Adjudication of all events was per-
formed using information obtained from clinical narratives,
safety reports describing the events, laboratory and vital signs
data surrounding the events, and associated AEs. Events that
were judged to be unlikely to represent true AOEs included
atypical chest pain without concomitant troponin elevation
or EKG changes, Raynaud’s phenomenon in the absence of
other signs of vascular disease, and non-specific complaints
of coldness in limbs. In addition, grade 1 events without con-
current AEs, ECG, or laboratory findings were considered un-
likely to represent true AOEs. However, any event coded as a
term consistent with arterial occlusion (ie, angina, transient
ischemic attack) was considered to be a true AOE. After ad-
judication by the Sponsor and FDA, 41 of these events were
deemed unlikely to represent true AOE, resulting in a final
rate of AOE of 115 (26%) in the PACE trial. Of these, fatal
AOE occurred in 9 (2%) of patients. Events occurred as early
as one day and as late as 4.9 years after initiation of therapy,
with the median time to onset being 1 year for cardiovascular
events, 1.4 years for cerebrovascular events, and 2 years for
peripheral vascular events. Events were more common in pa-
tients with pre-existing risk factors but occurred in patients
with no known risk factors for AOE before start of the study.

Initial review using AE terms identified 41 (15%) patients
with AOE on the OPTIC trial, including 16 (18%) of pa-
tients on cohort A. After adjudication of AOEs in cohort
A, 4 events were found to be unlikely to represent AOEs,
leaving a final rate of identified AOEs of 12 (13%) of pa-
tients in this cohort. The most common AOE on Cohort
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A was cardiovascular events (eg, myocardial infarction,
angina, chest pain), occurring in 9% of patients. The me-
dian time to onset for the first event was 4.5 months for
cardiovascular events, 1 year for cerebrovascular events,
and 3.6 months for peripheral vascular events. At the time
of data cutoff, the median follow-up time was 28 months.
Patients aged 635 years and older were more likely to experi-
ence AOE compared to younger patients, with 6/78 (8%)
of patients under age 65 and 6/16 (38%) of patients aged
65 years or older treated on cohort A experiencing an AOE
during treatment.

A single event of venous thromboembolism was observed
in the OPTIC trial and therefore no further adjudication of
this trial was required. VTE was adjudicated in PACE with a
final rate of VTE events confirmed to be 6%.

Clinical Pharmacology

Pharmacokinetics

Ponatinib exhibits dose-proportional increases in steady-state
C,.. and AUC_,, from 2 to 60 mg once daily, demonstrates
a mean (range) terminal half-life of 24 (12-66) hours after a
dose of 45 mg once daily for 28 days and is primarily me-
tabolized in the liver involving CYP3A4 (major), and 2CS8,
2D6, 3AS. It is also metabolized by esterases and/or amidases.
Population pharmacokinetic analysis showed that age (19-
85 vyears), body weight (41-152 kg), and mild-to-moderate
renal impairment (creatinine clearance 30-89 mL/minute) has
no clinically meaningful effects on the pharmacokinetics of
ponatinib. The effects of severe renal impairment (creatinine
clearance 15-29 mL/minute) on the pharmacokinetics of
ponatinib are unknown. Hepatic impairment of any severity
(Child-Pugh A, B, or C) had no significant effect on ponatinib
exposure following a single dose of 30 mg; however, subjects
with hepatic impairment had increased incidence of adverse
reactions and should therefore receive a lower starting dose
of ponatinib. Given the metabolism of ponatinib via CYP me-
tabolism enzymes, coadministration of strong CYP3A inhibi-
tors or inducers with ponatinib should be avoided to prevent
changes in exposure which may increase the risk of adverse
events with inhibitors or reduce efficacy with inducers. If
coadministration cannot be avoided, reduce the dose of
ponatinib with inhibitors or monitor for reduced efficacy
with inducers.

Exposure-Response Relationships

Exposure-response relationships for efficacy based on data
from the OPTIC study showed that increasing ponatinib con-
centrations were associated with an increased probability
of transitioning to an improved response (eg, from MR1 to
MR2 or better) and a decrease in the probability of transi-
tioning to a poorer response (eg, from MR1 to NR). Age was
identified as a statistically significant covariate with older age
associated with a poorer response rate.

Exposure-response relationships for safety based on data
from the OPTIC study identified a statistically significant re-
lationship between increased ponatinib exposure and adverse
reactions including AOE and Grade 3 or higher thrombo-
cytopenia. Baseline hypercholesterolemia was a statistically
significant risk factor for Grade 3 or higher AOE. Other pre-
viously identified risk factors for AOE (including age and
history of ischemia, hypertension, or diabetes) could not be
identified as significant risk factors for AOE in the OPTIC
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study given the small number of patients with those cardio-
vascular risk factors included in the study due to the strict
eligibility criteria compared to the PACE trial.

Discussion

The OPTIC trial provided substantial evidence of efficacy
and safety to support approval of the 45 mg starting dose
of ponatinib with a reduction to 15 mg upon achievement of
MR2 to patients with CP-CML with resistance or intolerance
to at least 2 prior kinase inhibitors. Regular approval was
granted based on the rate of MR2 at 12 months of 42% in pa-
tients treated with this dosing regimen, as well as MCyR rate
by 12 months, duration of response, and a tolerable safety
profile. Efficacy was comparable to that demonstrated with
the previously approved ponatinib dosing regimen of 45 mg
daily, continuously, on the PACE trial. Furthermore, there was
a lower incidence of AOE events at 13% on OPTIC in cohort
A compared to 26% observed on PACE after adjudication.

Ponatinib has a complex regulatory history. It was with-
drawn from the market due to the high AOE rate in both
clinical trials and in the post-marketing setting, as well as the
finding of multiple other serious toxic effects including pan-
creatitis, hepatotoxicity, myelosuppression, and risk of RPLS.
However, in the absence of other available TKI treatment for
the T3151 mutation, it was returned to the market after re-
vision of the label to delineate the risks and limit use to pa-
tients with T3151 mutation or who were not eligible for other
TKI therapy. The optimal dose of ponatinib was not felt to
be identified by prior studies, including PACE, leading to the
PMR for examination of the efficacy and safety at a variety
of doses.!® The OPTIC trial was thus initiated to examine a
variety of initial doses with efficacy-adapted dose reduction
and determine the dose with the best benefit-risk ratio. It was
hoped that the decrease in dose after an MR2 was obtained
would reduce the risk of AOE.

Efficacy results from the OPTIC study demonstrate a higher
rate of achievement of MR2 at 12 months in patients who
were randomized to the 45 mg starting dose. An analysis by
the Sponsor showed a dose-response relationship as well.?
Because of this, 45 mg remains the recommended starting dose
for ponatinib in patients with chronic phase CML. The effect of
dose reduction to 15 mg after the achievement of MR2 has not
yet been completely characterized and the approval was issued
with a new PMR for long-term safety follow-up from OPTIC.
Of note, the OPTIC study enrolled only patients who were in
the chronic phase of CML. Therefore, the recommended dose
for patients in accelerated or blast phase or with Philadelphia
chromosome-positive ALL remains 45 mg daily continuously.

The overall safety profile observed in OPTIC was gener-
ally consistent with the known safety profile of ponatinib.
Of note, the AOE incidence was lower than on PACE."
However, this may be related to the lower baseline risk of
patients enrolled on OPTIC compared to PACE. In addition,
it is difficult to directly compare the rate of AOE in OPTIC
versus PACE due to the difference in follow-up time for each
study. The median follow-up time for patients on OPTIC is
less than the median time to AOE for patients treated on the
PACE study, which may have resulted in a lower apparent
incidence. Further follow-up is needed to definitively deter-
mine the risk. However, it is noted that the risk of AOE was
lower in the lower dose cohorts on OPTIC so the dose de-
crease to 15 mg after the achievement of MR2 may reduce
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this risk. Similarly, the risk of VTE was lower on OPTIC,
possibly due to a lower risk population and more aggressive
prophylaxis.

Second malignant neoplasms were observed in 6% of pa-
tients treated with ponatinib on the PACE study, with skin
neoplasms being seen most frequently and no other single
primary predominating. A risk of second neoplasms has not
previously been identified in patients treated with ponatinib.
The mechanism of action by which ponatinib is associated
with an increased risk of the second neoplasm is unclear since
it was not noted to be mutagenic in non-clinical studies. The
observation may be due to off-target effects, immune system
changes, or the underlying disease. Further observation is
needed to explore this issue.

Based on the demonstrated efficacy and manageable safety
profile in patients previously treated with 2 or more TKIs, the
indication was expanded to include adults with CP-CML who
have failed at least 2 prior therapies. However, several cav-
eats should be noted. First, patients with clinically significant,
uncontrolled, or active cardiovascular disease were excluded
from the OPTIC study. Patients with cardiovascular disease
may be at higher risk for AOE or venous thrombosis and thus
the benefit-risk ratio should be considered carefully before
starting treatment with ponatinib in these patients. Second,
dose reductions for toxicity were common in patients who
started treatment at the 45 mg dose. Careful clinical and la-
boratory monitoring and dose modification, if necessary, are
essential to the safe use of ponatinib. Third, patients age 65
and over had a higher risk of AOE than younger patients and
were less likely to achieve MR2 compared to younger patients.
In addition, the median age of patients treated on OPTIC
was lower than the median age for patients with CML in the
general population'’ and the number of patients aged 65 years
or older in OPTIC was small. Thus, the optimal dose in this
population is uncertain and the benefit-risk ratio should be
considered carefully in this population before treatment is ini-
tiated. Finally, the long-term efficacy and safety of the 45/15
dosing regimen will need to be explored. To gain insight into
the long-term outcomes of patients treated with this regimen,
patients on OPTIC will be followed for up to 5 years.
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