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BACKGROUND: Effective treatment options for patients with chronic myeloid leukemia (CML) or Philadelphia-positive (Ph1)

acute lymphoblastic leukemia (ALL) who have the threonine to isoleucine mutation at codon 315 (T315I) are few. The objective

of this study was to compare overall survival (OS) between patients with CML and those with Ph1 ALL who received treatment

with ponatinib versus allogeneic stem cell transplantation (allo-SCT). METHODS: A post hoc, retrospective, indirect comparison

of OS among patients who received single-agent ponatinib in the Ponatinib Ph1 ALL and CML Evaluation (PACE) trial with

those who underwent allo-SCT as reported to the European Bone Marrow Transplant registry, stratified by CML disease phase

and Ph1 ALL, was conducted. Kaplan-Meier survival curves and multivariate Cox proportional-hazards models were used to

compare OS between intervention groups, adjusting for time from diagnosis to intervention, age, sex, and geographic region;

24-month and 48-month OS rates and median OS were reported. RESULTS: After adjustment for potential confounders, 24-

month and 48-month OS rates were significantly higher in patients with chronic-phase CML (CP-CML) who received ponatinib

compared with those who underwent allo-SCT (24 months: 84% vs 60.5%, respectively; P 5.004; 48 months: 72.7% vs 55.8%, re-

spectively; P 5.013), with a hazard ratio (HR) of 0.37 (95% confidence interval [CI], 0.16-0.84; P 5.017). In patients who had

accelerated-phase CML, OS rates were not significantly different between the groups (HR, 0.90; 95% CI, 0.20-4.10; P 5.889). In

patients who had blast-crisis CML and those with Ph1 ALL, ponatinib was associated with shorter OS compared with allo-SCT

(blast-crisis CML: HR, 2.29 [95% CI, 1.08-4.82; P 5.030]; Ph1 ALL: HR, 2.77 [95% CI, 0.73-10.56; P 5.146]). CONCLUSIONS: Al-

though allo-SCT remains an important treatment option for patients with T315I-positive advanced CML and Ph1 ALL, ponatinib

represents a valuable alternative for patients with T315I-positive CP-CML. Cancer 2017;123:2875-80. VC 2017 The Authors. Cancer
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INTRODUCTION
Tyrosine kinase inhibitors (TKIs) represent the standard
treatment for patients with chronic myeloid leukemia
(CML) and Philadelphia chromosome-positive (Ph1)
acute lymphoblastic leukemia (ALL); and, in the latter
patients, TKIs are frequently used in combination with
chemotherapy.1,2 A threonine-to-isoleucine substitution
at position 315 (T315I mutation), the gatekeeper residue
of the Abelson murine leukemia viral oncogene homolog
(ABL) kinase domain, is identified in approximately 20%
of patients with resistant or relapsed CML3,4 and confers
resistance to most TKIs indicated for CML treatment,
such as imatinib, dasatinib, bosutinib, and nilotinib.5

Ponatinib is approved in the United States and the Euro-
pean Union for adult patients with refractory CML or
Ph1 ALL and those with the BCR-ABL T315I mutation,
and is now the only effective TKI for treating CML or
Ph1 ALL in T315I-positive patients.3,4,6 Recently, it was
demonstrated that omacetaxine mepesuccinate, a first-in-
class cephalotaxine, also has inhibitory activity in TKI-
resistant CML stem cells and provides a benefit to patients
who have T315I-positive chronic phase (CP)-CML as a
single agent or in combination with a TKI.7 However,
omacetaxine mepesuccinate was not considered in the cur-
rent analysis, which focused on a comparison between
ponatinib and allogeneic stem cell transplantation (allo-
SCT).

Before the approval of ponatinib, patients with
CML and Ph1 ALL who were resistant to imatinib and
harbored the T315I mutation had a poor prognosis and
significantly shorter survival compared with those who
did not have this mutation.8,9 Allo-SCT has been consid-
ered standard therapy for CML over many decades. How-
ever, ponatinib may present an alternative to allo-SCT in
T315I-positive patients.6 No prospective trial has com-
pared outcomes of T315I-positive patients who received
with ponatinib relative to those who underwent allo-SCT.
This study is a retrospective, post hoc comparison of over-
all survival (OS) among T315I-positive patients who re-
ceived ponatinib in a phase 2 trial versus those who
underwent allo-SCT as reported to the European Group
for Blood and Marrow Transplantation (EBMT) registry.

MATERIALS AND METHODS

Data were pooled from the Ponatinib Ph1 ALL and
CML Evaluation (PACE) trial6 and the EBMT registry10

to conduct an indirect comparison of ponatinib versus
allo-SCT. PACE is a multicenter, international, open-
label, single-arm, phase 2 trial among patients with CML
and Ph1 ALL who are resistant to or intolerant of dasati-

nib or nilotinib or who have the T315I mutation. Of 449

patients enrolled in PACE from September 2010 to Octo-

ber 2011, 128 harbored the T315I mutation at enroll-

ment. The EBMT registry collects data on demographics,

treatments, mutations, and clinical outcomes in patients

who undergo SCT. EBMT data were available from 2000

through 2010. Sixty-nine patients from the EBMT regis-

try who underwent allo-SCT for CML and Ph1 ALL and

were identified with the T315I mutation and TKI resis-

tance at baseline were eligible for the study.
All 128 T315I-positive patients from PACE com-

prised the ponatinib group of this study. Fifty-six patients

from the EBMT database comprised the allo-SCT group,

because they had complete data for all variables used in

the analysis. Both the ponatinib and allo-SCT cohorts

consisted of T315I-positive patients aged� 18 years in

any phase of CML or with Ph1 ALL. Patients who under-

went allo-SCT in their second CP were excluded, and no

patients who received ponatinib were in their second CP.

In addition, no patients in the EBMT database had re-

ceived ponatinib before undergoing allo-SCT. The index

date was defined as the date of intervention (the date of

treatment initiation with ponatinib among patients from

the PACE trial and the date of allo-SCT among patients

from the EBMT registry). Patients were followed from

the index date until the end of observation (the earliest of

death, loss to follow-up, or the end of data availability).

Baseline (pre-index) demographic and clinical characteris-

tics were compared between intervention groups using the

Wilcoxon rank-sum test for continuous variables and the

chi-square or Fisher’s exact test for categorical variables.

Adjusted Kaplan-Meier (KM) survival curves11 and mul-

tivariate Cox proportional-hazards models were used to

compare OS between the intervention groups; 24-month

and 48-month OS rates and median OS were reported.

Comparisons were adjusted for the time from diagnosis to

intervention, age, sex, and geographic region using inverse

probability of treatment weights, which were estimated

separately for each disease phase. It was especially impor-

tant to include the adjustment variable “time from diag-

nosis to intervention,” because large differences in this

variable (which may also serve as a proxy for residual dis-

ease) may confound the results. The inverse probability of

treatment weighting method used propensity scores to

build stabilized weights that balanced the distribution of

covariates between intervention groups while preserving

sample size.12,13 P values were calculated using the log-

rank test for KM survival curves and the Wald chi-square

test for hazard ratios (HRs). Results were stratified by
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phase of CML or Ph1 ALL. All analyses were conducted
in SAS version 9.3 (SAS Institute, Cary, NC).

RESULTS
One-hundred eighty-four patients (128 in the ponatinib
group and 56 in the allo-SCT group) were included in the
analysis, consisting of 90 patients in CP-CML (64 in the
ponatinib group, 26 in the allo-SCT group), 26 in accel-
erated phase (AP)-CML (18 in the ponatinib group, 8 in
the allo-SCT group), 41 in blast crisis (BC)-CML (24 in
the ponatinib group, 17 in the allo-SCT group), and 27
with Ph1 ALL (22 in the ponatinib group, 5 in the allo-
SCT group). Patients who received treatment with pona-
tinib were older on the index date (mean age, 53 vs 45

years; P 5 .006) and were more likely to be from North
America (43.8% vs 26.8%; P 5 .030) than patients in the
allo-SCT group, as depicted in Table 1. Of 56 patients in
the allo-SCT group, 42 (75.0%) underwent transplanta-
tion from matched donors, and 9 (16.1%) underwent
transplantation from related donors. Six patients (10.7%)
underwent cord blood transplantation.

In addition, we expected that patients with T315I-
positive allo-SCT in the EBMT would be heterogeneous
in their response status at intervention. Although limited
information about this is available, data indicate that, of
the 17 patients in the study who had BP-CML, 5 were in
complete remission (CR), 7 had blasts present in the bone
marrow or blood, and 5 had unknown response status at

Figure 1. Adjusted overall survival analysis is illustrated for patients who received treatment with ponatinib (solid line) or under-
went stem cell transplantation (allo-SCT) (dashed line) stratified by phase. (A) Chronic-phase chronic myeloid leukemia (CML),
(B) accelerated-phase CML, (C) blast-crisis CML, and (D) Philadelphia chromosome-positive acute lymphoblastic leukemia are il-
lustrated. Patients were censored at the end of follow-up or at the end of the study, whichever occurred first. Kaplan-Meier
curves were adjusted by standardizing each treatment group sample to the characteristics of the combined study population. P
values comparing adjusted overall survival were computed at the 48-month mark using log-rank tests. The numbers of patients
at risk at each 12-month interval are indicated below the corresponding figure and were obtained from adjusted Kaplan-Meier
curves weighted by stabilized inverse probability of treatment weights.
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transplantation. Similarly, 4 patients with Ph1 ALL were
in CR, whereas 1 patient was blastic. All 4 patients who
underwent allo-SCT before the approval of ponatinib
(specifically, during 2005-2008) and underwent trans-
plantation in second CR, with a median time from diag-
nosis to transplantation of 11.8 months (1 patient who
had a time from diagnosis to transplantation of 63 months
was excluded from this calculation). Among patients with
CP-CML and AP-CML, the data did not indicate that
any patients in either stratum were blastic.

Adjusted KM survival curves are provided in Figure
1A-D. Patients with CP-CML who received ponatinib
had significantly better OS at 24 and 48 months com-
pared with those who underwent allo-SCT (24 months:
84% vs 60.5%; P 5 .004; 48 months: 72.7% vs 55.8%;
P 5 .013). Median OS was longer for the ponatinib group
(not reached vs 103.3 months; HR, 0.37; 95% confidence
interval [CI], 0.16-0.84; P 5 .017). OS at 24 months and
48 months did not differ significantly in patients with
AP-CML who received ponatinib versus those who
underwent allo-SCT (24 months: 77.2% vs 68.8%,
P 5 .618; 48 months: 69% vs 68.8%; P 5 .889; median
OS: not reached vs 55.6 months; HR, 0.90; 95% CI,
0.20-4.10; P 5 .889). In patients with BC-CML, howev-
er, ponatinib was associated with lower OS at 24 months
(13.9% vs 36.3%; P 5 .084) and at 48 months (2% vs
26%; P 5 .026) compared with allo-SCT, with an HR of
2.29 (95% CI, 1.08-4.82; P 5 .030) corresponding to a
shorter median OS in the ponatinib group (7.0 vs 10.5
months). Among patients who had Ph1 ALL, ponatinib
was associated with lower OS at 24 and at 48 months
compared with allo-SCT (24 months: 8.8% vs 70.3%;
P 5 .059; 48 months: 8.8% vs 32%; P 5 .119), with an
HR of 2.77 (95% CI, 0.73-10.56; P 5 .136) and median
OS of 6.7 versus 32.4 months.

DISCUSSION
This study is the first demonstrating that patients with
T315I-positive CP-CML who received ponatinib alone had
significantly longer OS than patients who underwent allo-
SCT. Conversely, patients with BC-CML or Ph1 ALL
who underwent allo-SCT had better survival than those
who received ponatinib alone, which was expected because
multiple genes are activated and contribute to progression
in these settings. Thus, although allo-SCT remains standard
therapy for patients who have BC-CML at diagnosis or after
TKI treatment, our results suggest that ponatinib alone is a
valuable alternative to transplantation for prolonging sur-
vival in patients with T315I-positive CP-CML.

Our study has several limitations, including very
small sample sizes in each stratum (especially for the allo-
SCT group in AP-CML and Ph1 ALL, rendering results
for these phases inconclusive); residual confounding, be-
cause only variables that were common between PACE
and the EBMT database could be adjusted for (eg, we
lacked data on previous therapies and residual disease be-
fore intervention); selection bias; and missing data in the
EBMT database to implement inclusion/exclusion criteria
common to PACE or to examine cause of death and ad-
verse events. Data on progression-free survival also were
unavailable for analysis. In addition, the majority of allo-
SCTs in the EBMT data occurred during the pre-
ponatinib era. This is an important limitation of our indi-
rect comparison, because treatment paradigms may have
changed over time. For instance, recently, ponatinib in
combination with chemotherapies demonstrated a signifi-
cant improvement in 24-month event-free OS (up to
81% in patients with Ph1 ALL).14 Longer follow-up also
may help us understand differences in OS between the in-
tervention groups.15 Prospective randomized trials com-
paring ponatinib with allo-SCT in patients with T315I-
positive CML and Ph1 ALL are needed to confirm our
findings but are difficult to achieve.
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