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KEY PO INT S

� All 3 starting doses
showed clinical benefit
in patients with
resistant CP-CML.

� Optimal benefit/risk
outcomes occurred
with the 45 mg starting
dose decreasing to 15
mg upon achievement
of a response (�1%
BCR-ABL1IS).

In PACE (Ponatinib Ph1 ALL and CML Evaluation), a phase 2 trial of ponatinib that included
patients with chronic-phase chronic myeloid leukemia (CP-CML) resistant to multiple prior
tyrosine kinase inhibitors (TKIs), ponatinib showed deep and durable responses, but arterial
occlusive events (AOEs) emerged as notable adverse events. Post hoc analyses indicated
that AOEs are dose dependent. We assessed the benefit/risk ratio across 3 ponatinib start-
ing doses in the first prospective study to evaluate a novel, response-based, dose-reduction
strategy for TKI treatment. Adults with CP-CML resistant to or intolerant of at least 2 prior
BCR-ABL1 TKIs or with a BCR-ABL1 T315I mutation were randomly assigned 1:1:1 to
3 cohorts receiving ponatinib 45, 30, or 15 mg once daily. In patients who received 45 or
30 mg daily the dose was reduced to 15 mg upon response (BCR-ABL1IS transcript levels
�1%). The primary end point was response at 12 months. From August 2015 through May
2019, 283 patients were randomly assigned to the cohorts: 282 (94 per dose group)

received treatment (data cutoff, 31 May 2020). The primary end point (98.3% confidence interval) was achieved in
44.1% (31.7-57.0) in the 45-mg cohort, 29.0% (18.4-41.6) in the 30-mg cohort, and 23.1% (13.4-35.3) in the 15-mg
cohort. Independently confirmed grade 3 or above treatment-emergent AOEs occurred in 5, 5, and 3 patients in the
45-, 30-, and 15-mg cohorts, respectively. All cohorts showed benefit in this highly resistant CP-CML population. Optimal
benefit/risk outcomes occurred with the 45-mg starting dose, which was decreased to 15 mg upon achievement of a
response. This trial is registered on www.clinicaltrials.gov as NCT02467270.

Introduction
Although most patients with chronic-phase chronic myeloid leu-
kemia (CP-CML) have good long-term outcomes with tyrosine
kinase inhibitors (TKIs),1 a significant percentage require a

change in treatment for lack of efficacy or adverse events (AEs).

Only a minority (�21% to 35%)2-7 of patients with CP-CML who

have disease resistant to a second-generation TKI have a com-

plete cytogenetic response (CCyR) when treated with a different
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second-generation TKI, with 1 study reporting a 30-month over-
all survival (OS) of only 47%.4

Ponatinib is a third-generation TKI that inhibits BCR-ABL1, with
or without kinase domain mutations, including T315I.8 The
phase 2 PACE (Ponatinib Ph1 ALL and CML Evaluation) trial
tested the efficacy and safety of ponatinib 45 mg once daily in
patients with CML and Philadelphia chromosome-positive (Ph1)
acute lymphoblastic leukemia that is resistant to or intolerant of
dasatinib or nilotinib or that has the T315I mutation.9,10 Ponati-
nib demonstrated robust clinical activity regardless of BCR-ABL1
mutation status, with rapid, deep, and durable responses,
including favorable survival (5-year OS of 73% in CP-CML),
although 80% of patients with CP-CML were resistant to prior
therapy.10 However, arterial occlusive events (AOEs) were
reported in 84 of 270 (31%) patients with CP-CML.10-12 A post
hoc multivariate regression analysis of pooled data from 3 clini-
cal trials of ponatinib in patients with Ph1 leukemia suggested a
33% reduction in the risk of an AOE for each 15-mg/d decrease
in average ponatinib dose intensity.13 To further understand the
impact of the ponatinib dose on safety and efficacy, we con-
ducted the phase 2 OPTIC (Optimizing Ponatinib Treatment in
CP-CML) trial, exploring a novel, response-based, dose-
reduction strategy.

Methods
Study oversight
The protocol, amendments, and informed consent form were
approved by the institutional review boards/ethics committees
of the participating centers. A 5-member independent data-
monitoring committee was responsible for providing safety
recommendations. AOEs were prospectively reviewed by an
independent committee of cardiologists, neurologists, and vas-
cular experts (separate from the data monitoring committee)
and blinded to dose. All authors contributed to and reviewed
the data reported and vouch for the integrity of the analysis.

Patients
Eligible patients were adults (aged $18 years) with CP-CML
resistant or intolerant to at least 2 prior TKIs or who had a T315I
mutation. Patients with risk factors for AOEs were eligible, pro-
vided the comorbidities were under control at the time of enroll-
ment. All patients provided written informed consent. BCR-ABL1
transcript levels had to measure .1% on the International Scale
(BCR-ABL1IS) by quantitative real-time polymerase chain reaction
at screening. Additional inclusion/exclusion criteria are listed in
supplemental Table 1 (available on the Blood Web site).

Study design and treatment
Patients were enrolled at 61 sites in 19 countries, spanning
North America, Europe, Latin America, and the Asia-Pacific
region. Patients were allocated randomly in a 1:1:1 ratio to
receive a once-daily starting dose of ponatinib 45 (45-mg
cohort), 30 (30-mg cohort), or 15 mg (15-mg cohort). Randomi-
zation was stratified by age ($60 vs ,60 years) and history of
arterial hypertension, diabetes mellitus, and/or hyperlipidemia
(yes/no). Patients in the 45- and 30-mg cohorts were required to
have the dose reduced to 15 mg once daily upon achievement
of #1% BCR-ABL1IS (grossly equivalent to CCyR).14 Patients in
the 15-mg cohort had no response-based dose changes.

Patients could escalate to their original starting dose for loss of
response confirmed in 2 consecutive assessments in the
absence of AE-driven dose modifications. Dose reduction
caused by AEs, to a minimum of 10 mg, was permitted in all
cohorts. Patients in the 45- and 30-mg cohorts could undergo
dose reduction for AEs before having #1% BCR-ABL1IS. BCR-
ABL1 mutations were assessed by Sanger sequencing at a cen-
tral laboratory (MolecularMD, Portland, OR).

End points
The primary end point was #1% BCR-ABL1IS at 12 months. Sec-
ondary efficacy end points, described in detail in the supple-
mental Appendix, included rates of molecular, cytogenetic, and
hematologic response, and survival outcomes. Safety evalua-
tions included rates of AEs including AOEs, serious AEs, discon-
tinuations for AEs, dose reduction, and dose interruption.

Efficacy assessments
Response assessments performed per standard criteria15

included cytogenetic response by bone marrow karyotyping at
cycle 12 (partial cytogenetic response, CCyR or major cytoge-
netic response [MCyR]), molecular response by BCR-ABL1IS

assessment (#1% BCR-ABL1IS and major molecular response) in
peripheral blood samples at 3-month intervals, and complete
blood count for assessment of complete hematologic response
(CHR) at 3-month intervals (additional details in supplemental
Table 2).

Survival assessments
Progression-free survival (PFS) was defined as the interval
between the first dose and disease progression (progression to
accelerated-phase CML or blast-phase CML, loss of CHR or
MCyR, or doubling of white blood cell count to .20000 on 2
occasions at least 4 weeks apart in patients without CHR) or
death from any cause. PFS-defining events are presented in sup-
plemental Table 2. OS was defined as the interval between the
first dose and death from any cause.

Safety assessments
Safety was assessed by physical and laboratory evaluations, elec-
trocardiograms, echocardiograms, and AE monitoring through-
out the study. AE severity was assessed according to National
Cancer Institute Common Terminology Criteria for Adverse
Events, v4.0. Investigator’s assessment of causality was provided
for all AEs. The independent cardiovascular (CV) end point adju-
dication committee reviewed all documentation related to AOEs
(details in the supplemental Appendix).

Statistical analysis
Each cohort was analyzed separately for efficacy and safety. Cat-
egorical data were summarized by number and percentage of
patients and continuous data by descriptive statistics. The
intent-to-treat population included all randomly assigned
patients for whom BCR-ABL1IS could be measured, regardless
of whether they received the assigned study drug, and the
safety population included all patients who received at least
1 dose of study drug. Duration of treatment was defined as the
time interval from the first to the last dose of study treatment.
Dose intensity was calculated as the total cumulative dose
divided by the duration of drug exposure. PFS and OS were
estimated by the Kaplan-Meier method.
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A sample size of 92 patients per cohort was chosen to distin-
guish a favorable #1% BCR-ABL1IS rate of 35% from a null or
uninteresting response rate of 20% with a nominal 80% power
and a 1-sided type 1 error rate of 0.0083 by exact binomial test.
The study design targeted 35% as the interesting response rate
to align with the poor response rates observed in resistant pop-
ulations with $2 prior TKIs (22% to 26% for second-generation
TKIs at any time3). The lower boundary of the 2-sided exact
98.3% confidence interval (CI) for the #1% BCR-ABL1IS rate was
required to be .20% for the primary end point to be met. Miss-
ing and partial data were imputed according to conventions
described in the statistical analysis plan (supplemental
Appendix).

Results
Patient disposition and baseline characteristics
The data cutoff was 31 May 2020, and the median (range) dura-
tion of follow-up for the total population was 32 months (1-57).
From August 2015 through May 2019, 283 patients were ran-
domly assigned, of whom 282 received at least 1 dose of study
drug (safety population). Of those, 134 (47.5%) were still receiv-
ing treatment and were included in the analyses in this study
(supplemental Figure 1). The most common reason for treat-
ment discontinuation was lack of efficacy (18.8%; 53 of 282);
importantly, 77.4% of those patients were in the lower dose
cohorts. Additional reasons for treatment discontinuation are
listed in supplemental Table 3. All patients were evaluable for
response.

Patient baseline characteristics are summarized in Table 1. Most
patients (55%) had received at least 3 prior TKIs, and 99% were
resistant to at least 1 prior TKI therapy. The best response to
last prior therapy was CHR or worse for 61%. One-third (33%)
had at least 1 CV risk factor at baseline. More than 40% of
patients had at least 1 kinase domain mutation at study entry. A
total of 204 of 282 patients (72.3%) had a duration of exposure
.12 months, and 100 of 282 patients (35.5%) had a duration of
exposure .24 months.

Efficacy
The rate of #1% BCR-ABL1IS (98.3% CI) at 12 months (the pri-
mary end point), was 44.1% (31.7-57.0) in the 45-mg cohort,
29.0% (18.4-41.6) in the 30-mg cohort, and 23.1% (13.4-35.3) in
the 15-mg cohort (Figure 1A). The prespecified statistical end
point was met in the 45-mg cohort (P , .017). The median
(range) time to response was 6.0 (2.9-18.0), 3.0 (2.9-15.3), and
6.0 (2.9-31.9) months in the 45-, 30-, and 15-mg cohorts, respec-
tively. Cumulative responses (by 6, 12, and 24 months) increased
over time in all cohorts with the 45-mg cohort showing the most
robust increase, despite the response-directed dose reduction
over time in this cohort (Figure 1B; supplemental Figure 2).

We also calculated the cumulative rates of #1% BCR-ABL1IS by
12 months in the subgroups of patients (Table 2; supplemental
Figure 3). Patients with or without the T315I mutation at baseline
had high #1% BCR-ABL1IS rates by 12 months (60.0% and
48.5%, respectively) in the 45-mg cohort. In the lower dose
cohorts, a lower proportion of patients with the T315I mutation
had #1% BCR-ABL1IS rate compared with those without T315I.
This difference was more notable in patients in the 15-mg

cohort (10.5% vs 29.6%) than in those in the 30-mg cohort
(25.0% vs 38.4%). Nine patients with the T315I mutation at base-
line had additional mutations at baseline. Among them,
7 patients did not achieve #1% BCR-ABL1IS at any time. For the
patients who had end-of-treatment mutation results available
(n 5 26), there were 5 who had the T315I mutation at baseline
and acquired an additional BCR-ABL1 mutation during treat-
ment. None of those 5 patients achieved #1% BCR-ABL1IS at
any time. Response rates in patients with no mutations at base-
line were 46.0%, 37.9%, and 28.3% in the 45-, 30-, and 15-mg
cohorts, respectively. In an analysis based on best response to
last prior therapy (CHR or worse vs better than CHR), a high
#1% BCR-ABL1IS rate was seen for the 45-mg cohort in the 2
subgroups, whereas responses were higher in the “better than
CHR” subgroup in the lower starting dose cohorts (Table 2). The
overall major molecular response rates were 34.4%, 24.7%, and
23.1% in the 45-, 30-, and 15-mg cohorts, respectively; the over-
all MCyR rates were 50.5%, 33.3%, and 43.8%, respectively (sup-
plemental Table 4).

Disease progression and survival
During the study, progression to accelerated-phase CML
and blast-phase CML occurred in 11% to 12% and 1% to
3% of patients, respectively, across the 3 cohorts. Median
PFS was not reached (NR) in the 45- and 30-mg cohorts
and was 45.6 months in the 15-mg cohort (Figure 2A). The
estimated probability of 24-month PFS was 80%, 76%, and
78% in the 45-, 30-, and 15-mg cohorts, respectively.
Median (95% CI) OS was NR in all cohorts (Figure 2B); the
estimated probability of 24-month OS was more than 90%
in all 3 cohorts.

Safety and tolerability
Treatment-emergent adverse events (TEAEs) and dose
modifications for TEAEs are summarized in Table 3. The
most common nonhematologic TEAEs were arterial hyper-
tension (28%), headache (18%), and lipase increase (17%)
in all cohorts combined; the majority were grade 1 or 2.
Overall, the most common hematologic TEAEs were throm-
bocytopenia (40%), neutropenia (26%), and anemia (19%).
Nonhematologic and hematologic TEAE rates for each
cohort are reported in supplemental Table 5. There were 4
deaths related to AEs (2 sudden deaths in the 45-mg
cohort in patients who had CV risk factors at baseline and 2
deaths from pneumonia in the 15-mg cohort).

Rates of treatment-emergent AOEs (TE-AOEs) and dose modifi-
cations for TE-AOEs are summarized in Table 3. Overall, 17 of
282 patients (6%) experienced any TE-AOE (9 in the 45-mg
cohort, 5 in the 30-mg cohort, and 3 in the 15-mg cohort).
These events are summarized in supplemental Table 6. The
exposure-adjusted TE-AOE rates were 5.6%, 3.6%, and 2.1% for
the 45-, 30-, and 15-mg cohorts, respectively. Exposure-
adjusted TE-AOEs decreased over time, as seen in the 45-mg
cohort: 7.6 events per 100 person-years during the first year, 5.9
events per 100 person-years during the second year, and 0
events for years 3 to 5 (supplemental Table 7; supplemental
Figure 4). Grade 3 to 5 TE-AOEs were reported in 13 patients
(4.6%; 5, 5, and 3 in the 45-, 30-, and 15-mg cohorts respec-
tively). Eight patients discontinued treatment because of
TE-AOEs. One venous thromboembolism was reported in the
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Table 1. Patient demographics and baseline disease characteristics

Characteristic

Cohort

45 mg
(n 5 94)

30 mg
(n 5 94)

15 mg
(n 5 94)

Age

Median y (range) 46 (19-81) 51 (21-77) 49 (18-81)

Sex

Male 50 (53) 38 (40) 53 (56)

ECOG PS score 0 or 1 93 (99) 93 (99) 94 (100)

Time since diagnosis

Median y (range) 5.5 (1-21) 5.1 (1-29) 5.7 (1-22)

Patients with CV risk factors

Hypertension 26 (28) 25 (27) 22 (23)

Diabetes mellitus 5 (5) 3 (3) 7 (7)

Hyperlipidemia 19 (20) 14 (15) 16 (17)

Patients with $1 CV risk
factor

32 (34) 30 (32) 32 (34)

Patients with .1 CV
risk factor

5 (5) 4 (4) 4 (4)

Current or former smokers 29 (31) 37 (39) 33 (35)

Body mass index

Median, kg/m2 (range) 27 (17-45) 26 (17-49) 26 (18-49)

Prior TKIs

1 1 (1) 1 (1) 4 (4)

2 43 (46) 37 (39) 42 (45)

$3 50 (53) 56 (60) 48 (51)

BCR-ABL1 mutations

No mutation 51 (54) 58 (62) 54 (57)

Any mutation 41 (44) 35 (37) 39 (42)

T315I 25 (27) 21 (22) 21 (22)

Mutation other than T315I*

G250E 7 (7) 2 (2) 4 (4)

F317L 2 (2) 4 (4) 2 (2)

F359V 1 (1) 1 (1) 5 (5)

E255K 1 (1) 2 (2) 3 (3)

V299L 3 (3) 1 (1) 2 (2)

M244V 1 (1) 2 (2) 2 (2)

$2 mutations 10 (11) 6 (6) 5 (5)

Reason prior therapy stopped

Resistant 92 (98) 94 (100) 94 (100)

Best response to last prior
therapy

CHR or worse 61 (65) 55 (59) 57 (61)

#1% BCR-ABL1IS or better 2 (2) 7 (7) 7 (7)

Data are expressed as the number of patients (percentage of study group), unless otherwise stated.

ECOG PS, Eastern Cooperative Oncology Group performance status.

*Mutations identified in at least 5 patients (combined for the 3 cohorts) are presented.
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study (grade #3 retinal vein occlusion in the 45-mg cohort). In
the current analysis, a starting dose of 45 mg compared with
15 mg was associated with a 6.4 percentage-point increase in
the AOE rate (9.6% to 3.2%), but with a 26.3 percentage-point
improvement in the response rate (51.6% to 25.3%; Figure 3).

Dynamics of dosages
Overall median (range) dose intensity (in milligrams per day) was
27.7 (10.5-45.0) in the 45-mg cohort, 23.0 (5.1-30.0) in the
30-mg cohort, and 14.7 (6.0-15.0) in the 15-mg cohort, and
dose reductions were reported in 75 (79.8%), 58 (61.7%), and

33 (35.1%) patients in the 45-, 30-, and 15-mg cohorts, respec-
tively. Median (range) time to dose reduction was shortest in the
45-mg cohort, 3.4 (0.1-41.9) months, compared with the 30-
and 15-mg cohorts, 7.1 (0.1-40.5) months and 11.4 (0.2-46.6)
months, respectively.

In the 30- and 45-mg cohorts, 73 patients had a dose reduction
to 15 mg after achieving #1% BCR-ABL1IS. Of those, 55 of 73
(75%) maintained a response for any period of time (48 main-
tained a response at a lower dose, and 7 had their doses reesca-
lated without confirmation of loss of response at the second
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Figure 1. Response to once-daily ponatinib. Twelve months (A) and median dose intensity and response over time (B). (A) #1 % BCR-ABL1IS at 12 months (98.3% CI).
(B) Median dose intensity and #1% BCR-ABL1IS by 6, 12, and 24 months.

Table 2. Summary of response rates

Response

Cohort, n/n (%)

45 mg 30 mg 15 mg

#1% BCR-ABL1IS by 12 mo 48/93 (51.6) 33/93 (35.5) 23/91 (25.3)

Mutation status at baseline*

T315I mutation 15/25 (60.0) 5/20 (25.0) 2/19 (10.5)

No T315I mutation 32/66 (48.5) 28/73 (38.4) 21/71 (29.6)

Mutation other than T315I 9/16 (56.3) 6/15 (40.0) 6/18 (33.3)

No mutation 23/50 (46.0) 22/58 (37.9) 15/53 (28.3)

Best response to last prior
therapy

CHR or worse 27/54 (50) 11/53 (20.8) 8/52 (15.4)

Better than CHR 14/28 (50) 17/29 (58.6) 9/23 (39.1)

*Four patients did not have a mutation test result at baseline.
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assessment); the 2 arms were similar in dose reductions and
maintenance of response. Ninety-one percent (50 of 55) of those
patients continued to maintain a response for 6 months or lon-
ger. Of the 18 patients who did not maintain the response,
more than 70% lost the response within the first 6 months

(supplemental Table 8), and the majority (61%; n 5 11) had the
T315I mutation at baseline. Because reescalation for loss of
response was allowed for in the protocol, 13 and 5 patients
reescalated to 45 and 30 mg, respectively; of those, 8 (61.5%)
and 4 (80.0%) regained the response by the data cutoff
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Figure 2. Survival analyses. PFS (A) and OS (B).

Table 3. Summary of AEs

Cohort, n (%)

45 mg
(n 5 94)

30 mg
(n 5 94)

15 mg
(n 5 94)

TEAEs

Any TEAE 94 (100) 88 (93.6) 89 (94.7)

Grade $3 TEAEs 64 (68.1) 58 (61.7) 60 (63.8)

Serious TEAEs 32 (34) 24 (25.5) 31 (33.0)

Grade 5 TEAEs 2 (2.1) 0 2 (2.1)

Dose modifications for TEAEs

Discontinuation 18 (19.1) 15 (16.0) 13 (13.8)

Reduction 43 (45.7) 33 (35.1) 30 (31.9)

Interruption 67 (71.3) 58 (61.7) 55 (58.5)

TE-AOEs

Any AOE 9 (9.6) 5 (5.3) 3 (3.2)

Serious TE-AOEs 4 (4.3) 4 (4.3) 3 (3.2)

Grade $3 TE-AOEs 5 (5.3) 5 (5.3) 3 (3.2)

Dose modifications for AOE

Discontinuation 4 (4.3) 3 (3.2) 1 (1.1)

Reduction 0 1 (1.1) 0

Interruption 2 (2.1) 3 (3.2) 1 (1.1)
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(supplemental Table 9). Of the patients who achieved #1%
BCR-ABL1IS, 37 of 45 (82%) patients in the 45-mg cohort and 21
of 28 (75%) patients in the 30-mg cohort remained on trial and
were receiving ponatinib at the time of data cutoff.

AEs led to dose reductions in 42 (44.7%), 32 (34.0%), and 29
(30.9%) patients in the 45-, 30-, and 15-mg cohorts, respectively,
with dose reduction to 10 mg (driven by dose modifications for
safety) in 5.3%, 17.0%, and 35.1% of patients, respectively (sup-
plemental Table 10).

Discussion
This global, multicenter, phase 2 study is the first to prospec-
tively evaluate a response-based dose-reduction strategy to
optimize the benefit/risk of a TKI in patients with CP-CML. The
OPTIC study showed benefit with ponatinib in all 3 dosage regi-
mens in a largely resistant (99%) population, in which the major-
ity (61%) had not achieved a response better than a CHR on the
immediate preceding therapy, and 55% had received 3 or more
prior TKIs. Such patients typically have poor outcomes if treated
with another second-generation TKI.2-7 Ponatinib acted in
patients with resistant disease, both with and without a BCR-
ABL1 mutation.

The maximum benefit was observed in the 45-mg cohort.
Patients in 30- and 15-mg cohorts also experienced a benefit,
especially those without the T315I mutation or who had better
than a CHR to the last prior therapy. The data support a higher
starting dose (45 mg) in patients with the T315I mutation.
Patients with T315I at baseline have a higher probability of los-
ing response after dose reduction. The benefit/risk of dose
reduction in such patients should be carefully assessed and the
patients closely followed after dose reduction. Although the
median time to response was similar in the 45- and 15-mg
cohorts, this result most likely occurred because of a higher rate
of discontinuation for lack of efficacy in the 15-mg cohort com-
pared with the 45-mg cohort. The responses were maintained in
most of the patients after the response-based dose reduction
from 45 or 30 to 15 mg (73.3% and 78.6%, respectively; supple-
mental Table 8; supplemental Figure 5). Most of the patients in
the 45- and 30-mg cohorts in whom the response was lost when
the dose was reduced had the T315I mutation at baseline. Most

patients were able to regain a response after reescalation of the
dose. The results in OPTIC also showed robust long-term sur-
vival in all 3 arms, with rates of 88.6% to 91.7% at 3 years, con-
sistent with the results of the PACE trial,10 indicating that the
dose-reduction strategy did not affect survival.

Patients with CML often have comorbidities that may increase
the risk of CV AEs with TKI, and cardiac toxicity has been
reported with second-generation TKIs (eg, in ENESTnd, CV
events occurred in 16.5% and 23.5% in the 2 nilotinib arms,
respectively, although the length of follow-up was considerably
longer than in OPTIC16; in DASISION they occurred in 5% of
patients treated with dasatinib),17 which can lead to discontinua-
tion for intolerance at rates of 22% to 67%.5,16-20 The novel
response-based ponatinib dosage regimens resulted in clinically
manageable safety and AOE profiles. The rates of AOEs in
OPTIC (6.0% overall and 9.6% in the 45-mg cohort) and
exposure-adjusted AOEs appeared lower than those reported in
PACE, where patients started at 45 mg ponatinib but response-
based dose reduction was not part of the study design.10

Although differences in eligibility criteria preclude a direct com-
parison between the 2 studies, the CV exclusion criteria in
OPTIC are consistent with those used in CP-CML studies of
other TKIs.21-23 Thirty-three percent of the patients in OPTIC
had at least 1 CV risk factor at baseline, and 4.6% had multiple
risk factors. A previous post hoc analysis suggested that the inci-
dence of AOEs and some other TEAEs correlated positively with
ponatinib dose intensity.13 Exposure-adjusted AOEs decreased
with time, most likely reflecting the combined effects of dose
reductions for efficacy or safety and discontinuations because of
safety concerns.

Although benefit/risk assessment is central to clinical decision
making, it is often difficult to compare disparate end points such
as response and toxicity. A descriptive analysis of data from this
response-based study of dose-deescalation design suggests
that a starting dose of 45 mg ponatinib daily may be associated
with a modest (6.4 percentage point) increase in the AOE rate
compared with the 15-mg starting dose (3.2% to 9.6%). In com-
parison, there appeared to be a 26.3 percentage-point improve-
ment in the response rate (25.3% to 51.6%; Figure 3). Therefore,
the absolute gain in efficacy is larger than the increase in AOEs,
suggesting that the optimal benefit/risk may be achieved with a
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Figure 3. Overall safety and efficacy by starting dose. The analysis is a descriptive clinical summary of the data to illustrate the relationship between the efficacy
and AOE rate.
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45-mg starting dose followed by a reduction to 15 mg upon
achievement of #1% BCR-ABL1IS. Although OPTIC was not
powered to compare OS, CCyR (equivalent to BCR-ABL1 #1%)
was the most robust predictor of OS, suggesting that this strat-
egy may eventually translate into improved OS.

Benefit was also seen with starting doses of 30 and 15 mg in
patients without a T315I mutation and in patients with less resis-
tant disease, indicating that molecular characteristics may be
useful in further refinement of risk-adapted therapy strategies.
Despite limitations, such as open-label design and statistically
inconclusive results of some subgroup analyses because of the
small sample size, the results of the OPTIC trial support a novel
ponatinib treatment regimen of a 45-mg starting dose reduced
to 15 mg upon reaching #1% BCR-ABL1IS, which maximizes
response while minimizing toxicity and provides a rationale to
explore response-based dose-modification strategies for other
BCR-ABL1 TKIs.
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