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Tyrosine kinase inhibitors have improved survival for patients with Philadelphia

chromosome–positive (Ph1) acute lymphoblastic leukemia (ALL). However, prognosis for

old or unfit patients remains poor. In the INCB84344-201 (formerly GIMEMA LAL 1811)

prospective, multicenter, phase 2 trial, we tested the efficacy and safety of ponatinib plus

prednisone in newly diagnosed patients with Ph1 ALL $60 years, or unfit for intensive

chemotherapy and stem cell transplantation. Forty-four patients received oral ponatinib

45 mg/d for 48 weeks (core phase), with prednisone tapered to 60 mg/m2/d from

days-14-29. Prophylactic intrathecal chemotherapy was administered monthly. Median

age was 66.5 years (range, 26-85). The primary endpoint (complete hematologic response

[CHR] at 24 weeks) was reached in 38/44 patients (86.4%); complete molecular response

(CMR) in 18/44 patients (40.9%) at 24 weeks. 61.4% of patients completed the core phase.

As of 24 April 2020, median event-free survival was 14.31 months (95% CI 9.30-22.31).

Median overall survival and duration of CHR were not reached; median duration of CMR

was 11.6 months. Most common treatment-emergent adverse events (TEAEs) were rash

(36.4%), asthenia (22.7%), alanine transaminase increase (15.9%), erythema (15.9%), and

g-glutamyltransferase increase (15.9%). Cardiac and vascular TEAEs occurred in 29.5%

(grade $3, 18.2%) and 27.3% (grade $3, 15.9%), respectively. Dose reductions, interrup-

tions, and discontinuations due to TEAEs occurred in 43.2%, 43.2%, and 27.3% of patients,
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Key Points

� In patients with newly
diagnosed Ph1 ALL,
ponatinib and
prednisone therapy
resulted in long
molecular remissions
and few resistance
mutations.

� The observed high
rates of
discontinuation and
dose modification
suggest that a lower
dose may be more
appropriate in older/
unfit patients.
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respectively; 5 patients had fatal TEAEs. Ponatinib and prednisone showed efficacy in

unfit patients with Ph1 ALL; however, a lower ponatinib dose may be more appropriate

in this population. This trial was registered at www.clinicaltrials.gov as #NCT01641107.

Introduction

The Philadelphia (Ph) chromosome is the most frequent cytogenetic
aberration in adults with acute lymphoblastic leukemia (ALL), with
an incidence of up to 40% in adult patients with ALL and approxi-
mately 50% in patients $50 years.1-5 Treatment options for Ph1

ALL have expanded over the past 15 years, mainly due to the intro-
duction of tyrosine kinase inhibitors (TKIs) in clinical practice.6-8

TKIs have been successfully combined with reduced-intensity9

chemotherapy and standard chemotherapy,10 with subsequent
transplant, in fit adult patients. In adults with Ph1 ALL, induction
with imatinib plus steroids, followed by imatinib plus chemotherapy
and stem cell transplantation (SCT; where possible), was associ-
ated with an overall survival (OS) of 49% and disease-free survival
of 46% at 5 years.10

Several GIMEMA study protocols have explored regimens that com-
bine TKIs with steroids as an alternative to systemic chemother-
apy.11-13 This approach, with prophylactic intrathecal chemotherapy
reserved for central nervous system (CNS) disease, is of particular
relevance for elderly or unfit patients who are not candidates for
intensive chemotherapy and who may not be able to tolerate more
intensive treatment.

The efficacy of induction therapy with high-dose imatinib (800 mg
daily) plus prednisone for patients $60 years with de novo Ph1

ALL was explored previously in the GIMEMA LAL 0201-B trial.12

Twenty-nine patients .60 years were evaluable for response, and
all achieved complete remission. Median OS from diagnosis was
20 months.12 Both the GIMEMA LAL 1205 trial (dasatinib plus
prednisone)11 and the GIMEMA LAL 1408 trial (prednisone plus
sequential nilotinib 400 mg and imatinib 300 mg)13 reported com-
plete remission rates of .90% and median OS of approximately
30 months.

Other studies involving imatinib9,14-18 or a second-generation
TKI19-23 in combination with chemotherapy have reported improved
median survival with variable rates of induction mortality. No random-
ized studies comparing a TKI plus steroids or TKI plus chemother-
apy have been conducted. As the incidence of Ph1 ALL increases
with age,1 improving survival in elderly or unfit patients with Ph1

ALL who cannot receive chemotherapy is of paramount importance.

In trials with first- or second-generation TKIs, relapse was frequent
and sometimes resulted in poor survival rates.9,11-24 Selection of
cells with BCR-ABL1 kinase domain (KD) mutations was the main
mechanism underlying relapses.25 In particular, the T315I mutation,
which confers cross-resistance to imatinib, dasatinib, and nilotinib,
was the most frequent mutation in relapsed/refractory ALL.26 A
T315I mutation was detected in 12/17 patients (71%) who experi-
enced relapse after dasatinib plus steroid treatment in the GIMEMA
1205 trial11 and in 18/24 (75%) patients who relapsed after dasati-
nib plus low-intensity chemotherapy treatment in the EWALL-PH-01
study (10/43 patients harbored T315I at diagnosis).23 Furthermore,
patients who developed a mutation that conferred resistance to a

TKI have a higher chance of developing further resistance.27

Patients who experience relapse after treatment with 1 TKI may
respond to another TKI, but the duration of the second remission is
usually shorter than their previous response.28 Subclones harboring
mutations conferring TKI resistance have been detected at dia-
gnosis,25,29 and resistant mutations at a low disease burden
may predict a higher burden of BCR-ABL1 residual transcript and
relapse.30

Ponatinib is a third-generation TKI with a wide spectrum of kinase
inhibition.31,32 It is active against most known BCR-ABL1 mutations
and is the only TKI with activity against Ph1 ALL subclones with the
T315I mutation.31,33,34 Ponatinib has shown clinical activity in
relapsed or refractory Ph1 ALL28,35,36 and in the first-line setting in
combination with chemotherapy.37 Moreover, in a propensity score-
matched analysis, first-line ponatinib in combination with chemother-
apy conferred a better prognosis compared with dasatinib.38 These
results, together with the pharmacologic characteristics of ponatinib,
support the hypothesis of a beneficial role for ponatinib, not only in
patients resistant to prior TKI therapy but also in untreated patients
with Ph1 ALL. Ponatinib may also prevent the emergence of resis-
tant clones, thus avoiding rapid disease progression.31

We investigated first-line ponatinib plus prednisone in patients
$60 years or those unfit for intensive chemotherapy and SCT, with
the aim of inducing deep and durable remissions. Endpoints
included rate and quality of remission, measurable residual disease,
survival, and the emergence of BCR-ABL1 mutations.

Methods

Study design and participants

INCB84344-201 (formerly GIMEMA LAL 1811; NCT01641107)
was a phase 2, open-label, single-arm study performed at 23 study
centers across Italy. Briefly, patients had new-onset Ph1 ALL
according to the World Health Organization (WHO) classification,39

had no prior history of chronic myeloid leukemia, and were
$60 years or were $18 years but unfit for a program of intensive
chemotherapy and SCT (by the investigators’ judgment). Eligible
patients had a WHO performance status of .50% (Karnofsky) or
#2 (Eastern Cooperative Oncology Group [ECOG]) and adequate
organ function. Key exclusion criteria included active hepatitis infec-
tion; any active infection; history of acute pancreatitis within 1 year
or history of chronic pancreatitis; history of alcohol abuse; triglycer-
ides .450 mg/dL; any clinically significant uncontrolled or active
cardiovascular condition, including uncontrolled hypertension and
history of deep venous or pulmonary embolism; and any impairment
in gastrointestinal absorption of ponatinib. The study was under-
taken in accordance with the ethical principles of the Declaration of
Helsinki and the International Council on Harmonisation guidelines
on Good Clinical Practice. The study protocol was reviewed and
approved by the institutional review board or independent ethics
committee at all participating centers. All patients provided written
informed consent.
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Procedures

Patients received a 7 to 14-day steroid pretreatment with oral pred-
nisone at increasing doses (40-60 mg/m2 per day), during which
the presence of the BCR-ABL1 transcript was confirmed by the
GIMEMA central laboratory. Patients then received oral ponatinib
45 mg/d for 8 courses (6 weeks/course), defined as the core phase
of the study. Prednisone 60 mg/m2 per day was administered from
days 1 to 21 and then tapered and stopped at day 29. After course
8, continuation of ponatinib was offered in the extension phase of
the study if investigators determined that the patient may continue
to benefit from treatment. Intrathecal therapy with methotrexate,
cytosine arabinoside, and dexamethasone was administered every
28 days in patients without clinical-cytologic evidence of meningeal
involvement. In patients who developed CNS disease, intrathecal
therapy was performed twice weekly until complete clearance of
blast cells from cerebrospinal fluid was achieved, then once a week
for 4 weeks, and then once a month thereafter. Aspirin, anti-infective
therapies, and transfusion were offered to patients whenever clini-
cally indicated.

Ponatinib dose reduction (to 30 mg or 15 mg) or suspension was
planned after serious nonhematologic or hematologic toxicities. In
the case of arterial or venous occlusive events, ponatinib treatment
was not resumed unless the potential benefits outweighed the risk
of recurrent events or the patient had no other treatment options.
For serious nonhematologic adverse events (AEs) other than arterial
or venous occlusions, ponatinib treatment was resumed only after
resolution of the AE or when the potential benefit of resuming ther-
apy was judged to outweigh the risks. In case of any hematologic
AEs, dose reduction or therapy suspension was allowed only after
confirmed complete hematologic response (CHR).

Outcomes

The primary endpoint was the proportion of patients who achieved
at CHR at 6 months, defined as bone marrow blasts ,5%, periph-
eral blood differential without blasts (neutrophils $1.5 3 109/L, pla-
telets $100 3 109/L), and no evidence of extramedullary
involvement from leukemia. Secondary endpoints included CHR
rate at 6, 12, 24, 36, and 48 weeks; rate of complete cytogenetic
response (CCyR), defined as the absence of Ph1 metaphases by
chromosome banding analysis in at least 20 marrow cell meta-
phases,40,41 at 6, 12, 24, 36, and 48 weeks; duration of CCyR;
rates of complete molecular response (CMR) and major molecular
response (MMR), defined as BCR-ABL1/ABL1 ratio ,0.01 and
,0.10, respectively, by quantitative real-time polymerase chain reac-
tion with a sensitivity of at least 30000 molecules of ABL, at 12,
24, 36, and 48 weeks; duration of CMR; event-free survival (EFS)
for the total study population, defined as time from enrollment to any
event (failure of achieving CHR at week 6, treatment discontinua-
tion, CHR lost, or death from any cause, whichever occurred first);
and OS calculated for the entire study population as time from
enrollment to death from any cause. Participants who were lost to
follow-up or still alive at the time of analysis were right-censored at
the date at which the participant was last known to be alive or the
clinical data cutoff date for the analysis, whichever was earlier. The
biologic endpoint was to describe the type and number of BCR-
ABL1 KD mutations acquired during and after the study. Mutational
analysis was performed by direct sequencing.25 AEs and serious
AEs (SAEs) were recorded from the date when informed consent
was obtained up to 30 days after the last administration of ponatinib

and at any time if the events were suspected to be related to study
medication. AEs and SAEs were classified using the Medical Dictio-
nary for Regulatory Activities version 22.0 and graded using the
Common Terminology Criteria for Adverse Events version 4.0. Anal-
ysis of AEs was limited to treatment-emergent adverse events
(TEAEs), defined as any AE reported for the first time during treat-
ment or worsening of a preexisting event after first administration of
study drug (including pretreatment) and within 30 days of the last
dose of study drug. Blood and bone marrow specimens were col-
lected at diagnosis, at weeks 6, 12, 24, 36, and 48, and at any time
in case of treatment failure or disease progression. Hematologic
and cytogenetic response were assessed in local laboratories. Sam-
ples were analyzed in a centralized and certified laboratory for both
BCR-ABL1 minimal residual disease and KD mutation analysis.

Permanent discontinuation criteria included lack of CHR by week 6,
loss of CHR or CCyR at any time, pregnancy, patient or investigator
decision, patient loss to follow-up, protocol violation, and AEs con-
traindicating further dosing (eg, myocardial infarction or stroke).

Statistical analysis

The study was designed to show a difference of 20% between the
null hypothesis (55% of patients who had CHR at 6 months) and
the alternative hypothesis fixed at 75%, with 80% power, using a
single-stage phase 2 design with a 5% significance level (based on
data of the historic control group GIMEMA LAL0201-B protocol9).
Patients who received at least 1 dose of ponatinib were included in
the efficacy and safety analysis. For categoric measurements, sum-
mary statistics included sample size, frequency, and percentages.
For continuous measurements, summary statistics included sample
size, mean, median, standard deviation, standard error of the mean,
minimum, and maximum. Summary statistics for continuous meas-
ures were provided for baseline, the actual measurements at each
visit, and the change and percentage change from baseline at each
visit, if applicable. For time-to-event endpoints, including duration of
CHR, duration of CCyR, duration of CMR, EFS, and OS, Kaplan-
Meier curves were presented. Median survival time was estimated
using the Kaplan-Meier method. Confidence intervals for median
survival time were calculated using the method of Brookmeyer and
Crowley.42 To be conservative, participants with missing post-
baseline values were imputed as nonresponders. SAS software
(SAS Institute Inc., Cary, NC; version 9.4) was used for the genera-
tion of all tables, graphs, and statistical analyses. Study data were
initially collected and managed using the REDCap electronic data
capture tools hosted at the GIMEMA Foundation and by InForm
after change of sponsorship to Incyte.43 All authors had full access
to the primary clinical trial data used to write the report.

Role of the funding source

GIMEMA, a nonprofit organization, performed computational and
manual consistency checks on newly entered forms.

To ensure the study was conducted according to good clinical
practice, GIMEMA data center provided investigators’ files to single
centers and organized training meetings in which principal investiga-
tors and collaborative investigators participated.

At the time of study approval, the INCB84344-201 study (formerly
GIMEMA LAL1811) was an investigator-initiated research trial and
received support for pharmacovigilance and study drug distribution
by Incyte. Incyte provided ponatinib to all study patients free of cost.
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Results

Forty-four patients were enrolled across 22 sites between Decem-
ber 2014 and January 2017 (Figure 1). The data cutoff was 24 April
2020. Median duration of follow-up was 34.9 months (range, 0.19-
61.54).

Overall, 17 patients (38.6%) discontinued treatment by week 48; 3
patients had documented hematological and/or extramedullary
relapse, 6 patients withdrew due to excessive toxicity (including
myelotoxicity, organ failure, and toxic death), 1 patient had cytoge-
netic relapse, and 1 patient died (Figure 1). Of note, 6 patients
(13.6%) were discontinued due to physician decision during the
core phase; 5 of these patients as well as 1 patient who discontin-
ued the extension phase due to physician decision were reconsid-
ered in terms of fitness and received an allogeneic SCT (alloSCT).
In total, 27 patients (61.4%) entered the extension phase of the
study; 11 patients completed the extension phase. Of the 16
patients who discontinued the extension phase, 6 had documented
hematological and/or extramedullary relapse, 3 discontinued due to
physician decision, 3 withdrew due to excessive toxicity, and 3 died.
The reason for discontinuation in the remaining patient was docu-
mented on the case report form as “other (adverse event)”; this

patient had acute coronary syndrome leading to permanent with-
drawal of treatment.

Baseline characteristics and demographics are summarized in Table
1. Median age of patients at diagnosis was 66.5 years (range, 26-
85), with 35 patients (79.5%) $60 years. Thirty-eight patients
(86.4%) had a WHO performance status (ECOG) of 0 to 2 at
baseline. The median white blood cell (WBC) count of patients
enrolled at diagnosis was 4.3 3 106/mL (range, 0.33-115.9 3

106/mL); 1 patient had WBC .100 3 106/mL. CNS disease was
reported for 6 patients (13.6%); 33 patients were negative for CNS
involvement (75.0%; data missing for 5 patients [11.4%]). Medi-
cated intrathecal prophylaxis was performed at baseline in 15
patients.

All 44 patients received steroid pretreatment, and pretreatment
response was assessed in 34 patients; 19 patients (43.2%)
showed $75% reduction in circulating blasts at the end of pretreat-
ment. In the core phase, patients received a median 331 days
(range, 2-341) of treatment, with a median daily dose of ponatinib
of 34.16 mg (range, 10.1-46.0). During the extension phase,
patients received a median 509 days (range, 52-1522) of treatment,
with a median daily dose of ponatinib of 29.19 mg (range,

44 patients enrolled and
treated in core phase

17 patients discontinued core phase, due to:

• Physician decision (n = 6) 
• Excess toxicity (including myelotoxicity, organ failure and toxic death) (n = 6) 
• Disease relapse (hematologic and/or extramedullary) (n = 3)*

• Death (n = 1)
• Other (cytogenetic relapse) (n = 1)

16 patients discontinued extension phase, due to: 

• Disease relapse (hematologic and/or extramedullary) (n = 6)*

• Physician decision (n = 3)
• Excess toxicity (including myelotoxicity, organ failure and toxic death) (n = 3) 
• Death (n = 3)
• Other (adverse event) (n = 1)†

27 patients completed
core phase and entered

extension phase  

11 patients completed
extension phase 

7 patients remain on
study treatment‡

Figure 1. Patient disposition. *All patients had hematologic relapse, and 1 patient in the extension phase had both hematologic and extramedullary relapse. †Acute

coronary syndrome leading to permanent drug withdrawal. ‡At the time of data cutoff (24 April 2020).
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9.8-45.0). During the entire study, patients received a median
415 days (range, 2-1858) of treatment, with a median daily dose of
ponatinib of 31.72 mg (range, 13.6-45.0). Thirty-three patients
(75.0%) had at least 1 dose reduction, 24 patients (54.5%) had at
least 1 dose interruption, and 23 (52.3%) had both (at least 1 dose
reduction and 1 dose interruption).

Of 44 patients treated with study drug, 42 patients (95.5%)
achieved CHR at any time during treatment; 2 patients died before
becoming evaluable for CHR (one patient died due to lung infection
on day 6 [onset: day 26] and 1 patient died due to bilateral pneu-
monia on day 47 after experiencing severe neutropenia; both deaths
were considered unrelated to study treatment). At week 24 (primary
endpoint), 38 patients (86.4%) achieved CHR (Table 2). Median
duration of CHR was not reached (95% CI 20.7, not evaluable
[NE]; Figure 2A). At week 24, 24 patients (54.5%) had achieved
CCyR, 18 patients (40.9%) were in CMR, and 14 patients (31.8%)
were in MMR. Overall, 34 patients (77.3%) reached CCyR and 36
(81.8%) reached CMR at least once during treatment. Median
(95% CI) duration of CCyR and CMR was not reached (21.91, NE)
and 11.6 months (4.53, 20.90), respectively (Figure 2B-C). Overall,
6 patients experienced relapse while on ponatinib treatment
(before/within 30 days of last dose of ponatinib); therefore, the
relapse rate while on ponatinib was 14.3% (6/42 patients).

At data cutoff (24 April 2020), median EFS was 14.31 months
(95% CI 9.30-22.31; Figure 3A). Median OS was not reached
(95% CI 25.82, NE; Figure 3B). In total, 20 patients (45.5%) had
died at the time of analysis due to ALL progression (n 5 8);
pneumonia (n 5 2); cardiovascular disease (n 5 2); lung infection
(n 5 1); bronchopulmonary aspergillosis with respiratory failure
(n 5 1); septic shock (n 5 1); and sudden death (n 5 1). The pri-
mary reason for death was indistinguishable for 1 patient (ALL pro-
gression and severe sepsis), and the reason for death was not
recorded for the remaining 3 patients.

The most common TEAEs of any grade included rash (n 5 16;
36.4%), asthenia (n 5 10; 22.7%), alanine aminotransferase
increase (n 5 7; 15.9%), erythema (n 5 7; 15.9%), and
g-glutamyltransferase increase (n 5 7; 15.9%) (Table 3). Overall,
20/44 patients (45.5%) experienced an SAE. The most common
SAEs were acute coronary syndrome (n 5 3; 6.8%) and arterial
occlusive disease, atrial fibrillation, cardiac failure, and pneumonia
(each n 5 2; 4.5%). Twelve patients reported TEAEs of special
interest (of which 8 were grade $3): chest pain (n 5 4), acute coro-
nary syndrome (n 5 3), arterial occlusive disease (n 5 2), embolism
(n 5 2), and 1 each of angina pectoris, carotid arteriosclerosis,
carotid artery stenosis, cerebrovascular accident, myocardial ische-
mia, peripheral arterial occlusive disease, and vascular graft occlu-
sion. Thirty-seven patients had TEAEs considered related to
treatment by a physician, and 13 patients had serious treatment-
related TEAEs. The most common treatment-related TEAEs were
skin and subcutaneous tissue disorders (23 patients). Cardiac and
vascular disorders occurred in 13 (29.5%) and 12 (27.3%) patients,
respectively; in 5 (cardiac) and 8 (vascular) patients, the event was
considered to be related to the study drug. Dose reductions or

Table 1. Baseline characteristics

Characteristic Full analysis set (N 5 44)

Male/Female, n (%) 22 (50.0)/22 (50.0)

Median age (range), y 66.5 (26-85)

WHO performance status (ECOG PS), n (%)*
0
1
2

18 (40.9)
17 (38.6)
3 (6.8)

Median WBC count, 3 106/mL (range)† 4.3 (0.3-115.9)

Median hemoglobin, g/L (range)† 98.5 (76.0-160.0)

Median platelets, 106/mL (range)† 47.5 (10.0-269.0)

Median neutrophils/leukocytes, % (range)† 30.9 (1.0-78.2)

Median lymphocytes/leukocytes, % (range)† 36.0 (3.0-94.5)

Median left ventricular ejection fraction, % (range) 63.0 (53.0-96.0)

Mean liver size, cm (SD) 8.1 (25.68)

Mean spleen size, cm (SD) 7.6 (21.63)

Adenomegaly (longest diameter .0 cm)
Laterocervical, n (%)‡

Supraclavicular, n (%)§

Axillary, n (%)§

Inguinal, n (%)§

4 (9.1)
1 (2.3)
2 (4.5)
1 (2.3)

Mediastinal mass, n (%)§ 1 (2.3)

CNS disease, n (%)¶ 6 (13.6)

BCR rearrangement (BM)
p190, n (%)
p210, n (%)
p190/p210, n (%)
Missing, n (%)

29 (65.9)
9 (20.5)
2 (4.5)
4 (9.1)

BCR rearrangement (peripheral blood)
p190, n (%)
p210, n (%)
p190/210, n (%)
Missing, n (%)

5 (11.4)
3 (6.8)
2 (4.5)

34 (77.3)

BM p190/ABL ratio 3 100, median (range) 63.4 (0-172)

BM p210/ABL ratio 3 100, median (range) 36.0 (0-128)

Sum of percentages may not be 100 due to rounding.
BM, bone marrow; ECOG PS, Eastern Cooperative Oncology Group performance

status; SD, standard deviation.
*Data missing from 6 patients.
†Evaluated in 40 patients.
‡Data missing from 8 patients.
§Data missing from 7 patients.
¶Data missing from 5 patients.

Table 2. Hematologic, cytogenetic, and molecular response rates during the core phase of study

Response Week 6 Week 12 Week 24 Week 36 Week 48

CHR, n (%) 40 (90.9) 37 (84.1) 38 (86.4)* 29 (65.9) 25 (56.8)

CCyR, n (%) 21 (47.7) 19 (43.2) 24 (54.5)* 16 (36.4) 15 (34.1)

CMR, n (%) 21 (47.7) 21 (47.7) 18 (40.9) 18 (40.9) 16 (36.4)

MMR, n (%) 15 (34.1) 11 (25.0) 14 (31.8)* 8 (18.2) 6 (13.6)

Response rate was reported as the number of patients with response/number of total patients in the study. To be conservative, participants with missing postbaseline values were
imputed as nonresponders.
*Response at week 24 includes 1 participant who was assessed at week 20.
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interruptions due to TEAEs each occurred in 19 patients (43.2%).
Twelve patients permanently discontinued study treatment due to
TEAEs, and 5 patients had TEAEs that resulted in death (2 due to

pneumonia, 1 due to bronchopulmonary aspergillosis and respiratory
failure, 1 due to sudden death, and 1 due to septic shock); 3 of
these 5 patients were in CHR at the time of death.
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Figure 2. Duration of response. Duration of CHR of patients who achieved CHR in the study, from diagnosis to death or loss of CHR (A); duration of CCyR of patients

who achieved CCyR in the study, from diagnosis to death or loss of CCyR (B); and duration of CMR of the patients who achieved CMR in the study, from diagnosis to

death or loss of CMR (C).
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Mutational analysis by direct sequencing was performed in 23 sam-
ples (17 bone marrow, 6 peripheral blood) at baseline. None of the
23 samples showed evidence of a BCR-ABL1 KD mutation at
baseline. Furthermore, samples were analyzed during the study,
including 6 samples (4 bone marrow, 2 peripheral blood) at week 6,
4 (3 bone marrow, 1 peripheral blood) at week 12, and 2 at week
24; 1 sample had evidence of an E459K mutation (abundance
26%) at week 6. One sample had evidence of a T315L mutation
(abundance 100%) at week 12, and 1 bone marrow sample pre-
sented with a T315I mutation at week 48; these mutations were
concurrent with disease relapse during ponatinib treatment.

Discussion

This study is the first to describe the activity and tolerability of pona-
tinib plus prednisone in unfit patients with Ph1 ALL. The regimen
had promising clinical activity; at 24 weeks, 86.4% of patients were
in CHR, and overall, 95.5% of patients experienced CHR during
treatment. Median duration of CHR was not reached (95% CI 20.7,
NE). After 24 weeks, 54.5%, 40.9%, and 31.8% of patients experi-
enced CCyR, CMR, and MMR, respectively; median duration of
CCyR and CMR was not reached (95% CI 21.91, NE) and

11.6 months (95% CI 4.53-20.90), respectively. The plateaus
observed on the Kaplan-Meier plots of CHR, CCyR, and OS from
�30 months onward are also encouraging.

This activity is notable with a nonchemotherapy regimen given
the vulnerability of the patient population. Most of our patient
population (79.5%) was $60 years, and the remaining 20.5%
were considered unfit for SCT and unable to tolerate intensive
chemotherapy based on the investigators’ judgment. Most
patients (61.4%) completed the core phase, and 25.0% of the
original population completed the extension phase. In this con-
text, the long duration of CMR achieved is valuable and shows
that a meaningful remission is still possible for elderly or frail
patients, for whom more aggressive approaches are not avail-
able. Additionally, although all patients were unfit for SCT at
enrollment, during ponatinib therapy, 5 patients in CHR were
reevaluated and withdrawn from the study for alloSCT. Another
patient who eventually received SCT was withdrawn while in
CHR to receive immunotherapy, with SCT following.

Previous GIMEMA protocols have also achieved high levels of CHR
without the use of intensive chemotherapy in Ph1 ALL, including
CHR rates11,44,45 of 100% with imatinib in patients .60 years12
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Figure 3. Survival outcomes. EFS (A) and OS (B).
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and 97% to 100% with dasatinib in adult patients.11,44,45 The CHR
rate of 95.5% at any time during the present study is similar to the
CHR rate with the sequential use of imatinib and nilotinib in a popu-
lation of elderly or unfit patients (94% at 6 weeks),13 which may
reflect the inclusion of �20% younger unfit patients in the patient
population for each study. Although CMR rates were assessed at
different timepoints, the CMR rate observed with ponatinib in older/
unfit patients (41% at weeks 24 and 36) is higher than that
observed in 2 separate studies of dasatinib plus steroids as induc-
tion therapy (19% and 29% at day 85).44,45 Median EFS in the cur-
rent study was 14.3 months. This endpoint was not reported in the
study of dasatinib plus prednisone, which instead reported disease-
free survival (median 21.5 months).11 Of note, these 2 endpoints
are not directly comparable because of differences in their defini-
tions, particularly regarding the inclusion of treatment discontinuation
in the definition of EFS given the high rate of discontinuations in the
current study.

Promising results with another nonchemotherapeutic regimen of
ponatinib in combination with venetoclax (a B-cell lymphoma-2 inhib-
itor) have also been observed. Preclinical studies suggest that the
addition of ponatinib to venetoclax results in synergistic antileukemia
activity in Ph1 ALL via inhibition of the Lck/Yes novel tyrosine kinase
and prevention of downstream upregulation of antiapoptotic myeloid
cell leukemia 1.46 Moreover, the combination of ponatinib, veneto-
clax, and dexamethasone has demonstrated early clinical efficacy in
heavily pretreated patients with relapsed/refractory Ph1 ALL (com-
plete remission or complete remission with incomplete hematologic
recovery in 5/6 [83%] patients who received venetoclax 800 mg).47

Combinations of the bispecific anti-CD3/CD19 monoclonal anti-
body blinatumomab with TKIs (ponatinib, dasatinib, or bosutinib)
have also shown efficacy in the treatment of Ph1 ALL, with high
rates of CMR and favorable survival outcomes.45,48,49 Taken
together, these findings suggest that combining TKIs with steroids
and/or other nonchemotherapy agents may be an effective strategy
to avoid chemotherapy without compromising efficacy in patients
with Ph1 ALL.

Most AEs were manageable with ponatinib dose reduction. How-
ever, treatment discontinuations were observed during the core
phase (n 5 17/44; 38.6%) and extension phase (n 5 16/27;
59.3%). The rate of discontinuations may reflect the general frailty
of the patient population; however, 9/33 discontinuations (27.3%)
were due to treatment toxicity, and nearly half of patients (43.2%)
required dose reduction or interruption due to TEAEs, indicating
that a proportion of patients could not tolerate this regimen. Overall,
5 patients died due to TEAEs, of whom 2 were in CHR. The main
cause of permanent discontinuation due to TEAEs was cardiac tox-
icity (4/12 patients: acute coronary syndrome [n 5 3] and myocar-
dial ischemia [n 5 1]). Several trials with ponatinib have reported a
lower incidence of AEs, particularly cardiovascular events.35,37,50

The Ponatinib Ph1 ALL and Chronic Myeloid Leukemia Evaluation
(PACE) trial reported cardiovascular toxicity in approximately 25%
of cases, with exposure-adjusted incidence rates for newly occurring
events decreasing over time.50 Furthermore, primary analysis results
from the Optimizing Ponatinib Treatment in Chronic Phase CML
(OPTIC) trial in patients with chronic myeloid leukemia reported inci-
dence of treatment-emergent arterial occlusive events of 3.2% to
9.6% depending on the starting dose (15, 30, or 45 mg once
daily).51 In our study, risk factors that include older age and age-
related comorbidities, such as hypertension and dyslipidemia, may
have played a role in the development of cardiovascular and other
toxicities. Therefore, accurate cardiac screening is recommended
before patients start ponatinib treatment. It is possible that predni-
sone treatment may also have contributed to some of the observed
toxicities, although previous studies of TKIs administered with pred-
nisone have reported relatively low rates of treatment discontinuation
or interruption,11,12 suggesting that concomitant steroid use is
unlikely to cause severe toxicity when used in combination with
TKIs. Although based on induction phases only (45 days and 84
days, respectively), only 23% of participants treated with imatinib
plus steroids experienced either a dose reduction or temporary dis-
continuation due to extrahematologic toxicities, whereas in the dasa-
tinib plus prednisone study, permanent and temporary treatment
discontinuations for any reason occurred in 8% and 21% of
patients, respectively.11,12 In the current study, 6 patients (14%)
permanently discontinued due to excessive toxicity during the
48-week core phase, and 9 (20%) discontinued during the entire

Table 3. Treatment-emergent AEs of any grade occurring in at

least 5% patients by MedDRA system organ class and preferred

term

TEAEs occurring in $ 5% patients, n (%) Any grade Grade $ 3

Any TEAE 41 (93.2) 32 (72.7)

Cardiac disorders
Acute coronary syndrome
Atrial fibrillation

13 (29.5)
3 (6.8)
3 (6.8)

8 (18.2)
3 (6.8)
2 (4.5)

Gastrointestinal disorders
Constipation
Diarrhea
Dyspepsia
Hemorrhoids

15 (34.1)
4 (9.1)
3 (6.8)
3 (6.8)
3 (6.8)

3 (6.8)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

General disorders
Asthenia
Pyrexia
Chest pain
Edema peripheral

18 (40.9)
10 (22.7)
5 (11.4)
4 (9.1)
3 (6.8)

4 (9.1)
1 (2.3)
1 (2.3)
0 (0.0)
0 (0.0)

Laboratory investigations
Alanine aminotransferase increased
g-glutamyltransferase increased
Lipase increased
Amylase increased
Blood alkaline phosphatase increased

14 (31.8)
7 (15.9)
7 (15.9)
4 (9.1)
3 (6.8)
3 (6.8)

6 (13.6)
1 (2.3)
3 (6.8)
1 (2.3)
0 (0.0)
0 (0.0)

Metabolism and nutrition disorders
Hyperglycemia
Decreased appetite

13 (29.5)
4 (9.1)
3 (6.8)

3 (6.8)
1 (2.3)
0 (0.0)

Musculoskeletal and connective tissue disorders
Pain in extremity
Myalgia

18 (40.9)
4 (9.1)
3 (6.8)

1 (2.3)
0 (0.0)
0 (0.0)

Nervous system disorders
Headache

11 (25.0)
6 (13.6)

2 (4.5)
0 (0.0)

Respiratory, thoracic, and mediastinal disorders
Cough

8 (18.2)
4 (9.1)

2 (4.5)
0 (0.0)

Skin and subcutaneous tissue disorders
Rash
Erythema
Skin exfoliation
Skin ulcer

26 (59.1)
16 (36.4)
7 (15.9)
3 (6.8)
3 (6.8)

9 (20.5)
2 (4.5)
2 (4.5)
3 (6.8)
1 (2.3)

Surgical and medical procedures
Astringent therapy

3 (6.8)
3 (6.8)

0 (0.0)
0 (0.0)

Vascular disorders
Hypertension

12 (27.3)
5 (11.4)

7 (15.9)
3 (6.8)

MedDRA, Medical Dictionary for Regulatory Activities.
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study. Together with the high frequency of dose reductions or inter-
ruptions, these results suggest that a lower dose of ponatinib could
potentially reduce the incidence of discontinuations and dose modi-
fications in older or unfit patients.

A trial from the MD Anderson Cancer Center (MDACC) investigated
the activity of ponatinib plus hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone52 and reported better
outcomes for OS and lower rates of AEs compared with our study.
Differences in survival between the MDACC study and our study
could be due to the younger median age of the MDACC patient
population (51 years vs 66.5 years), different biologic backgrounds
of Ph1 ALL due to the difference in age, and the fact that patients
in the MDACC study were fit enough to tolerate intensive chemo-
therapy, unlike our study patients. The lower incidence of AEs may
also reflect the younger population in the MDACC study. In addition,
the MDACC study used a different dosing strategy, whereby the
protocol was amended to reduce the dose of ponatinib from 45 mg
to 30 mg daily at cycle 2, with a further reduction to 15 mg once a
CMR was achieved.52 A similar response-based strategy was also
shown to be effective in the ponatinib dose-optimization study in
patients with chronic myeloid leukemia.51 As such, it is possible that
either a reduced starting dose of ponatinib or a dose-reduction
strategy based on response may have an improved benefit–risk pro-
file compared with continuous 45-mg daily dosing in older or unfit
patients with Ph1 ALL.

Few mutated clones were detected among ponatinib-treated
patients. Among the 23 patients evaluated at baseline, none pre-
sented with BCR-ABL1 KD mutation. Among the 14 patients evalu-
ated during the study, only 3 patients harbored a BCR-ABL1 KD
mutation (1 with E459K at week 6, 1 with T315L at week 12, and
1 with T315I at time of relapse on ponatinib). This observation is
consistent with results from other studies,25,52 suggesting that a
non–BCR-ABL1–dependent mechanism of resistance underlies
most relapses. T315L was previously shown to confer resistance to
ponatinib,53 and it is sensitive to axitinib in vitro.54,55 Future studies
are needed to evaluate mechanisms of relapse for patients with
Ph1 ALL treated with ponatinib-based regimens.

Because post-remission therapy with ponatinib alone may not be
sufficient for preventing relapse and nonrelapse mortality in all
patients, it is important to consider what consolidation options are
available to decrease the likelihood of relapse, particularly because
many patients are not eligible for myeloablative conditioning (MAC)
alloSCT due to their age and comorbidities. In addition to MAC
alloSCT, other consolidation approaches have been evaluated,
including reduced-intensity conditioning (RIC) alloSCT, autologous
SCT (autoSCT), and chemotherapy as well as newer drugs such as
blinatumomab. Several retrospective studies suggest that survival
outcomes are similar after RIC and MAC alloSCT, albeit at the cost
of a higher risk of relapse with RIC alloSCT.56 Additionally, results
of the Cancer and Leukemia Group B (CALGB) 10001 study dem-
onstrated that autoSCT following imatinib plus sequential chemo-
therapy is a safe and effective alternative to alloSCT for Ph1 ALL
patients without sibling donors.57 Likewise, the CALGB 10701
study found that patients undergoing alloSCT, autoSCT, or chemo-
therapy following dasatinib and dexamethasone induction therapy
had similar treatment outcomes.58 Updated results of a phase 2
study investigating steroids plus dasatinib as induction therapy in
adults with Ph1 ALL followed by 2 cycles of blinatumomab

continued to show high molecular response rates and impressive
survival outcomes, with 29/58 patients who started on blinatumo-
mab undergoing subsequent transplantation.45,48 This latter finding
suggests that nonchemotherapeutic regimens can be optimized fur-
ther with other noncytotoxic therapies.

Our study had several limitations. The trial was a phase 2,
single-arm study that recruited a small number of patients;
61.4% and 25.0% of patients completed the core phase and
full protocol, respectively. Given the small patient sample, only
limited conclusions can be drawn based on data collected dur-
ing the extension phase. The drug regimen could be improved
by including low-dose chemotherapy or new drugs such as ino-
tuzumab and blinatumomab, which were shown to be effective
in relapsed or refractory Ph1 ALL59,60 and in a measurable
residual disease-positive setting.61 Reduction of the ponatinib
dose is a promising strategy to reduce toxicities in a measur-
able minimal disease-driven strategy.

Our results, together with evidence in younger fit patients,38,52

suggest that ponatinib is an effective TKI across different popu-
lations of patients with new-onset Ph1 ALL and that the combi-
nation with prednisone appears to be a promising option for
older and/or unfit patients, albeit with the potential consideration
of a lower dose of ponatinib to minimize toxicity. The choice of
ponatinib must also be tailored based on the cardiovascular risk
of individual patients. To date, there are no results available
from prospective, randomized trials comparing different TKIs in
patients with Ph1 ALL; however, ponatinib plus prednisone
showed promising efficacy in the current study in a frail patient
population with few alternative options.
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