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Regular Article

CLINICAL TRIALS AND OBSERVATIONS
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Key Points

• Initial imatinib-based therapy
of Ph1 adult ALL is
associated with lower early
mortality and higher CR rate.

• In adults with Ph1 ALL,
allogeneic SCT in first CR
prolongs relapse-free survival
and OS.

In this study, we randomly compared high doses of the tyrosine kinase inhibitor imatinib

combinedwith reduced-intensity chemotherapy (armA) to standard imatinib/hyperCVAD

(cyclophosphamide/vincristine/doxorubicin/dexamethasone) therapy (arm B) in 268

adults (median age, 47 years) with Philadelphia chromosome–positive (Ph1) acute

lymphoblastic leukemia (ALL). The primary objective was the major molecular response

(MMolR) rate after cycle 2, patients being then eligible for allogeneic stem cell trans-

plantation (SCT) if they had a donor, or autologous SCT if in MMolR and no donor. With

fewer induction deaths, the complete remission (CR) rate was higher in armA than in arm

B (98% vs 91%;P5 .006), whereas theMMolR rate was similar in both arms (66% vs 64%).

With a median follow-up of 4.8 years, 5-year event-free survival and overall survival (OS)

rates were estimated at 37.1% and 45.6%, respectively, without difference between the

arms. Allogeneic transplantationwas associated with a significant benefit in relapse-free

survival (hazard ratio [HR], 0.69; P 5 .036) and OS (HR, 0.64; P 5 .02), with initial white blood cell count being the only factor

significantly interacting with this SCT effect. In patients achieving MMolR, outcome was similar after autologous and allogeneic

transplantation. This study validates an induction regimen combining reduced-intensity chemotherapy and imatinib in Ph1

ALL adult patients and suggests that SCT in first CR is still a good option for Ph1ALL adult patients. This trial was registered at

www.clinicaltrials.gov as #NCT00327678. (Blood. 2015;125(24):3711-3719)

Introduction

The Philadelphia chromosome (Ph) derives from the balanced
t(9;22)(q34;q11.2) chromosomal translocation, resulting in the BCR-ABL1
fusion gene encoding an oncoprotein with constitutive tyrosine kinase
activity and abnormal cytoplasmic localization.1 Ph-positive (Ph1)
acute lymphoblastic leukemia (ALL) represents 25% to 30%of adult
ALL, and its incidence increases with age. Two types of fusion pro-
tein are found, resulting from a different breakpoint cluster region
(bcr) in the BCR gene. In Ph1 ALL, the p190-BCR-ABL1 (minor
[m]-bcr) subtype is more frequent than the p210-BCR-ABL1 (major
[M]-bcr) subtype, commonly found in chronic myeloid leukemia.2,3

In the era before tyrosine kinase inhibitors (TKIs), Ph positivity
conferred a bad prognosis to ALL patients, with long-term survival
rates,20%.4-8 For these patients, allogeneic hematopoietic stem cell
transplantation (SCT) was therefore considered the only potential
curative option.

The advent of TKIs targeting BCR-ABL1, the first being imatinib,
led tomajor changes in the outcome of Ph1ALLpatients. Treatment
with TKI/chemotherapy combinations yielded very high complete
remission (CR) rates and2-year overall survival (OS) rates of;60%.9-13

Updating the results of our first combined Group for Research on
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Adult Acute Lymphoblastic Leukemia Philadelphia positive
(GRAAPH)-2003 study, we recently reported a 52% OS rate at 4
years.14 Many questions remained, however, on how to optimize the
combination of TKIs and chemotherapy. The role of SCT in first CR
(CR1) also needed to be confirmed in this new context. We therefore
initiated a randomized study comparing 2 strategies during the first
induction cycle, one with less-intense chemotherapy combined with
imatinib over the entire induction period, and the other with the
more intense regimen hyperCVAD (cyclophosphamide/vincristine/
doxorubicin/dexamethasone) and imatinib given only for the first 2
weeks. The aimwas to decrease toxicity without increasing the risk of
relapse. We used early BCR-ABL1 minimal residual disease (MRD)
levels as a surrogate end point.

Patients and methods

Study design

The GRAAPH-2005 study was conducted in 60 centers in France and Swit-
zerland. Patients aged 18 to 59 years with newly diagnosed Ph1 and/or BCR-
ABL1–positive ALL were eligible. Patients with known chronic myeloid
leukemia in blastic phase; cardiac disease; renal or hepatic dysfunction (ie, serum
creatinine level .2 upper limit of normal [ULN], bilirubin level .2 ULN,
aspartate aminotransferase level .1.5 ULN, or alanine aminotransferase level
.2.5 ULN); HIV, human T-lymphotropic virus, hepatitis B virus, or hepatitis
Cvirus infection; contraindication to intensive chemotherapy; or pregnancywere
not eligible. Written informed consent was obtained from all patients. The study
was approved by the Institutional Ethics Committee Ile-de-France VI, France,
and conducted in accordance with the Declaration of Helsinki. Between May
2006 and August 2011, 270 consecutive patients entered the study. Because
1 patient was lost to follow-up and 1 patient withdrew consent, the evaluation
population totaled 268 patients. A patient flowchart is provided in the supple-
mental Appendix, available on the BloodWeb site.

Diagnosis of Ph1 ALL and MRD monitoring

Ph positivity was determined during the prephase by standard karyotype and/or
fluorescence in situ hybridization analysis and/or BCR-ABL1 fusion transcript
detection with quantitative reverse-transcription polymerase chain reaction
(qRT-PCR), centralized in 3 laboratories that used standardized methods with
international scale. BCR-ABL1 transcript levels were used to monitor MRD.
Major molecular response (MMolR) was defined as a BCR-ABL1/ABL ratio of
#0.1% in the bone marrow, and molecular CR was defined by the absence of
detectable MRDwith a sensitivity of at least 0.01%. The primary end point was
the MMolR rate after cycle 2.

Treatments

Treatments are shown in Table 1 (detailed in the supplemental Appendix).
Responsewas assessed at day 29of cycles 1 and2 and evaluated by conventional
morphologic criteria together with bone marrowMRD evaluation. Hematologic
CR was defined as ,5% marrow blasts with adequate blood count recovery.
Patients aged #55 years were eligible for allogeneic SCT in CR1 if they had
a donor (HLA-identical sibling or 10/10 or 9/10 HLA-compatible unrelated
donors). OnMay 23, 2007, the protocol was amended to allow reduced-intensity
conditioning (RIC) in patients.55 years old or presenting a contraindication to
myeloablative conditioning (MAC), making all patients eligible for allogeneic
SCT. This amendment was effective on June 28, 2007, after enrollment of the
first 63patients. Patients inMMolRafter cycle 2 butwithout donor (or.55years
old prior to the RIC amendment) were eligible for autologous SCT using the
same MAC. Maintenance therapy was planned after autologous SCT, whereas
no systematic maintenance was planned after allogeneic SCT. Patients who
failed to achieve MMolR after cycle 2 were further treated with imatinib
combinedwith chemotherapy according to themore intense cyclophosphamide/
vincristine/doxorubicin/dexamethasone protocol (hyperCVAD).15

Statistical methods

Assuming a 45% MMolR rate in arm B, the sample size was calculated at 270
patients to demonstrate the noninferiority inMMolR rate in armA, for ana error
of 0.05 and a power of 80%. Noninferiority was defined asMMolR rate equal to
15% worse (d 520.15) and tested with the likelihood score test of Farrington
and Manning.16 A logistic regression model was used to assess the impact of
covariates onMMolR and molecular CR. Secondary end points were event-free
survival (EFS), relapse-free survival (RFS), cumulative incidence of relapse
(CIR), cumulative incidence of nonrelapse-relatedmortality (NRM), and OS.
Molecular relapse or persistence was not considered an RFS or CIR event.
The Kaplan-Meier method was used to estimate EFS, RFS, and OS pro-
babilities.17 When evaluating CIR and NRM, estimations took into account
deaths in CR1 and hematologic relapses, respectively, as competing events.
Outcome comparisonswere performedbyCoxmodels.18 The effect of SCT in
CR1 was analyzed by the time-dependent Mantel-Byar method and graph-
ically illustrated by Simon and Makuch plots,19,20 t0 being the time of
hematologic or molecular response assessment (supplemental Appendix).
Outcome comparisons were performed by Andersen-Gill models.21 For
testing the differential effects of SCT in patient subgroups, interaction terms
were included in the model.We also performed a landmark standard donor vs
no-donor analysis, which is presented in the supplemental Appendix. Binary
variable comparisons were performed using Fisher’s exact test. Median
comparisons were performed by the Mann-Whitney 2-sample test. Type 1
error was fixed at the 5% level. All tests were 2-tailed. Hazard ratios (HRs) are
given with 95% confidence intervals (CIs). Statistical analyses were per-
formed with the STATA/IC 12.1 software package (StataCorp, College
Station, TX).

Results

Patient characteristics

Patient characteristics were well balanced between randomization
arms, except for gender,withmoremen in armB (Table 2).Median age
was 47 years old (range 21-60). Karyotype/fluorescence in situ hy-
bridization analysis was performed in all patients but failed in 15. Ph
positivity was evidenced in 247 patients, 6 having either a normal
karyotype or an isolated trisomy 11 (1 patient). Bcr analysis was avail-
able in 267 patients, with 195m-bcr fusions, 69M-bcr fusions, and
3 patients having both subtypes. ACAs were observed in 176 patients,
more frequently inm-bcr than inM-bcr cases (74%vs 58%;P5 .013).
No significant differences in age andWBCwere noted in patients with
M-bcr or ACAs.

Initial therapy: response, toxicity, and compliance

Initial response is shown on Table 3. Due to fewer induction deaths,
the hematologic CR rate was higher in arm A (98.5% vs 91.0% in arm
B; P 5 .006). Among the 254 patients alive in CR after cycle 2, 205
(81%) were tested for MRD level. The characteristics of these patients
did not differ from those of the 49nontested patients,with the exception
ofmore frequentM-bcr–positiveMRD in tested patients (supplemental
Table 1). After cycle 2 (MRD2 time point), 134 patients (65.4%)
reached MMolR, including 53 patients (25.8%) in molecular CR with
undetectable transcript. AtMRD2, theMMolR rate was similar in both
randomization arms (66.1% vs 64.5% in arms A and B, respectively;
P5 .88) and, with respect to this primary end point, the noninferiority
of arm A was demonstrated (d 95% CI,20.126 to 0.093; P5 .006).

Achievement of MMolR at MRD2 was more frequent in patients
with a lower initial WBC as well as in those with m-bcr ALL. In m-bcr
patients, respective MMolR and molecular CR rates were 74% and
32% vs 43% and 9% in M-bcr patients (P , .001 and P 5 .001,
respectively). After adjustment, m-bcr and lower WBC remained
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independently predictive of a good MRD2 response. MMolR and
molecular CR rates were 83% and 34%, 62% and 23%, 53% and
10%, and31%and8% inpatientswithm-bcr andWBC,303109/L,
m-bcr and WBC$303 109/L, M-bcr and WBC,303 109/L, and
M-bcr and WBC $30 3 109/L, respectively. Neither age nor the
presence of ACAs significantly impacted MRD2 response.

Hematologic and grade 3/4 toxicities observed during the first 2
cycles are shown in supplemental Table 2).As anticipated, hematologic
toxicity was lower in arm A during the first cycle, associated with a
lower incidence of infections. Surprisingly, the reverse was observed
during the second cycle, which was similar in both arms.

Patients alive after cycle 1 received a median imatinib dose (cal-
culated as the total dose received by the patient divided by the the-
oretical number of days, as stated by the protocol) of 800 mg/d (range,
28-1025mg/d) for amedian of 28 days (range, 1-35 days) in armA and
800mg/d (range, 371-1600mg/d) for amedian of 14 days (range, 7-28
days) in arm B (P 5 .28). During cycle 2, the median dose was also

800 mg/d (range, 0-1257 mg/d) for a median of 14 days (range, 0-22
days) and 800 mg/d (range, 160-1371 mg/d) for a median of 14 days
(range, 3-24 days), in armA and armB, respectively (P5 .43). During
the pretransplant interphase, the median dose was 600 mg/d in both
arms (range, 300-1428 mg/d) for a median of 14 days (range, 7-33
days). Reasons for not receiving the planned imatinib doseweremostly
related to toxic adverse events.After autologous SCT (n5 35 patients),
12 patients received the planned12 cycles of imatinib, 3 patients did not
receive any imatinib due to early relapse, and the others received be-
tween1and11 imatinibcycles, interruptionsbeingmostlydue to relapse.

Outcome by randomization arm

At amedian follow-up of 4.8 years, 140 patients have died. Among the
254CRpatients (133 in armA, 121 in armB), 92 relapsed (43 in armA,
49 in arm B) and 128 died (66 in arm A, 62 in arm B), including 58
deaths in CR1 (31 in arm A, 27 in arm B). Median EFS and OS were

Table 1. GRAAPH-2005 treatments

Treatment phases Drugs Doses Schedules

Initial treatments

Prephase PDN 60 mg/m2/d po Day 27 to day 21

MTX 15 mg IT Between day 27 and day 24

Cycle 1 arm A VCR 2 mg/d IV Days 1, 8, 15, and 22

DXM 40 mg/d po Days 1-2, 8-9, 15-16, and 22-23

Imatinib 400 mg bid po Days 1-28

Filgrastim 5 mg/kg/d sc/IV From day 15 to PMN recovery

Cycle 1 arm B VCR 2 mg/d IV Day 4 and day 11

DXM 40 mg/d po Days 1-4 and 11-14

DXR 50 mg/m2/d CIV Day 4

CPM 300 mg/m2/12 h IV Day 1-3

Imatinib 400 mg bid po Day 1-14

Filgrastim or pegfilgrastim 5 mg/kg/d sc/IV (filgrastim) or 6 mg sc

(pegfilgrastim)

From day 15 to PMN recovery (filgrastim)

or day 6 (pegfilgrastim)

Cycle 2 (both arms) MTX 1000 mg/m2/d CIV Day 1

Ara-C 3000 mg/m2/12 h IV Days 2-3

Imatinib 400 mg bid po Days 1-14

Filgrastim or pegfilgrastim 5 mg/kg/d sc/IV (filgrastim) or 6 mg sc

(pegfilgrastim)

From day 9 to PMN recovery (filgrastim)

or day 6 (pegfilgrastim)

Pre-SCT interphase (n 5 2) MTX 25 mg/m2/d po Days 1 and 8

6-MP 60 mg/m2/d po Days 1-14

Imatinib 300 mg bid po Days 1-14

Further treatments for non-SCT

patients

Cycles 3, 5, and 7 Identical to cycle 1 arm B, with reduced 300 mg imatinib bid from day 1 to day 14

Cycles 4, 6, and 8 Identical to cycle 2, with reduced 300 mg imatinib bid from day 1 to day 14

Monthly maintenance cycles Replaced at month 6 by a cycle 9 (like cycles 3, 5 and 7) and at month 12 by a cycle 10 (like cycles 4, 6, and 8)

PDN 200 mg/d po Days 1-5, months 1-12

VCR 2 mg/d IV Day 1, months 1-12

Imatinib 300 mg bid po Months 1-24

Post–autologous SCT maintenance

Months 1, 3, 5... to 23 Imatinib 300 mg bid po For 1 mo

Months 2, 4, 6... to 24 MTX 25 mg/m2/wk po For 1 mo

6-MP 60 mg/m2/d po For 1 mo

CNS treatments

CNS prophylaxis Triple IT* n 5 1 Days 1, 8, and 15 of cycle 1

Triple IT n 5 1 Day 9 of cycle 2

Triple IT n 5 1 Day 1 of the 2 interphase cycles

If initial CNS involvement Triple IT n 5 8 Between day 27 and day 21 of cycle 1

Triple IT n 5 1 per wk thereafter For a total of 12 ITs

Cranial irradiation 15 Gy before SCT or 24 Gy after cycle 8 in

non-SCT patients

Imatinib 300 mg bid po During cranial irradiation

Ara-C, cytarabine; bid, twice daily; CIV, continuous IV; CNS, central nervous system; CPM, cyclophosphamide; DXM, dexamethasone; DXR, doxorubicin; IT, intrathecal;

6-MP, 6-mercaptopurine; MTX, methotrexate; PDN, prednisone; PMN, polymorphonuclear neutrophil; po, by mouth; sc, subcutaneously; VCR, vincristine.

*Triple IT consisted of 15 mg MTX, 40 mg Ara-C, and 40 mg PDN.
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2.1 years and 3.6 years, respectively. At 5 years, the EFS rate was
estimated at 37.1% (95% CI, 31.1-43.1) and the OS rate at 45.6%
(95%CI, 39.2-51.8). As illustrated in Figure 1, patients randomized
in armA tended to have a longer EFS (median, 2.5 vs 1.8 years; HR,
1.27 [95%CI, 0.93-1.72];P5 .13) andOS (median, 4.1 vs 3.3 years;
HR, 1.17 [95% CI, 0.84-1.62]; P5 .37) than patients randomized in
arm B. After CR was achieved, CIR was nonsignificantly higher in
arm B (41.3% [95% CI, 33.0-50.8] vs 32.8% [95% CI, 25.4-41.5]
in armA at 5 years; P5 .34), whereas NRMwas comparable in both
arms (22.6% [95% CI, 16.1-31.2] in arm B vs 23.7% [95% CI,
17.3-32.0] in arm A at 5 years; P5 .90). The longer EFS observed in
arm A became more apparent and statistically significant when fo-
cusing on the 229 patients $30 years old (HR, 1.43 [95% CI,
1.03-1.98]; P 5 .034), even if this did not translate into longer OS
(HR, 1.28 [95% CI, 0.90-1.83]; P5 .17).

SCT cohorts

Among the254CRpatients, 148were transplanted inCR1with adonor
identified by protocol criteria, including 76 sibling and 72 unrelated
donors (Table 4). Thirteen additional patients received cord blood (CB)
transplantation, not planned by the protocol, leading to a total of 161
patients in the allogeneic SCT cohort (63% of the CR population).
Thirty-seven of them received RIC-SCT, including 14 patients ,55
years old. As expected, patients receiving RIC were significantly older

than those receivingMAC (median, 56.2 years [range, 30-59 years] vs
39.8 years [range, 18-57 years]; P , .001). The no–allogeneic SCT
cohort consisted of the remaining 93 CR patients. Primary reasons for
not receiving allograft were as follows: age.55 years before the RIC
amendment (n57), early relapse (n5 15) or early death inCR (n5 6),
baseline or acquired contraindication for SCT (n 5 8), no identified
donor (n5 49), investigator choice (n5 4), patient refusal (n5 1), and
unknown (n 5 3). The rate of patients who did not achieve MMolR
at the MRD2 time point was similar in the allogeneic SCT and
no–allogeneic SCT cohorts (33% and 38%, respectively; P5 .54). As
planned by the protocol, no patient received preemptive TKI main-
tenance after allogeneic SCT. Patients were monitored for posttrans-
plant MRD levels, and reintroduction of TKIs was driven by MRD. A
total of 38 patients eventually received posttransplant TKIs (18 imatinib,
20 dasatinib) for molecular relapse/persistence, 19 in each arm.

Among the 93 nonallografted patients, 39 were thus eligible for
autologous SCT because they were inMMolR at MRD2 and had no
donor, and 28 of them were actually autografted in CR1. Seven
additional patients received autologous SCT, including 6 patients
with poor or unknown MRD2 level and a 59-year-old patient with
a sibling donor and good MRD2 response, leading to a total of 35
patients in the autologous SCT cohort (14% of the CR population).
As expected, more patients were in MMolR at MRD2 in the autol-
ogous cohort than in the allogeneic SCT cohort (83% vs 56%;
P 5 .004). In the remaining 58 CR patients, primary reasons for

Table 3. Response to the first 2 treatment cycles

All patients (n 5 268) Arm A (n 5 135) Arm B (n 5 133) P

Hematologic CR, n (%) 254 (94.8) 133 (98.5) 121 (91.0) .006

After cycle 1 249 131 118 .009

After cycle 2 5 2 3 .68

Refractory ALL after cycle 2, n (%) 4 (1.5) 1 (0.7) 3 (2.2) .37

MMolR, n/tested (%)

After cycle 1 96/217 (44.2) 50/116 (43.1) 46/101 (45.5) .78

After cycle 2 134/205 (65.4) 74/112 (66.1) 60/93 (64.5) .88

Molecular CR, n/tested (%)

After cycle 1 21/217 (9.7) 11/116 (9.5) 10/101 (9.9) .99

After cycle 2 53/205 (25.8) 32/112 (28.6) 21/93 (22.6) .34

Induction deaths, n (%)

Early deaths* 10 (3.7) 1 (0.7) 9 (6.7) .010

Day 60 mortality† 15 (5.6) 3 (2.2) 12 (9.0) .017

*Early death was defined as death occurring during cycle 1 or 2, before the assessment of hematologic response after cycle 1 or 2.

†Five patients died in CR before day 60 (2 in arm A and 3 in arm B).

Table 2. Patient characteristics

All patients (n 5 268) Arm A (n 5 135) Arm B (n 5 133) P

Males/females, n 145/123 63/72 82/51 .015

Median age, y (range) 47 (18-59) 48.6 (18-59) 45 (21-59) .31

Age $30 y, n 229 115 114 .99

BMI, kg/m2 (range) 24.3 (15.4-46.6) 24.3 (17.5-40.0) 24.2 (15.4-46.6) .99

ECOG PS 0/1/2/3, n 93/132/36/4 41/72/19/3 52/60/17/1 .35

CNS disease, n 9 6 3 .50

Median WBC, 109/L (range) 22.4 (0.8-768) 26.8 (0.8-382) 21.7 (1.0-768) .74

WBC $30 3 109/L, n 118 63 55 .46

Karyotype*

Failure (yes/no) 15/253 6/129 9/124 .44

t(9;22) (yes/no) 247/21 125/10 122/11 .82

ACAs (yes/no/unknown) 176/77/15 86/43/6 90/34/9 .44

bcr subtype (m/M/both/unknown)† 195/69/3/1 99/36/0/0 96/33/3/1 .27

ACAs, additional chromosomal abnormalities; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; WBC, white blood cell count.

*All 268 patients had a bone marrow cytogenetic examination, but 15 karyotypes failed; among the 253 patients with an evaluable karyotype, 5 had a normal karyotype, 1

had an isolated trisomy 11, and the remaining 247 patients had the t(9;22) chromosomal translocation; among these 247 patients, 176 had ACAs and 77 did not.

†The single patient with unknown bcr subtype had t(9;22) translocation on karyotype/fluorescence in situ hybridization analysis.
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not receiving autologous SCTwere as follows: noneligibility due to
poor or unknown MRD2 level (n 5 43), early relapse (n 5 7),
baseline or acquired contraindication for SCT (n5 4), investigator
choice (n5 1), patient refusal (n5 1), and unknown (n5 2). All 35
patients who received autologous SCT initiated the planned post-
SCT maintenance, except for 3 patients due to early relapse.

Posttransplant outcome

Patients who received allogeneic SCT from unrelated donors
tended to have a better outcome than those transplanted from
sibling donors or CB, but these differences were not statistically
significant (supplementalAppendix; Figure 2). For further analyses,we

thus considered all these patients (76 sibling donors, 72 unrelated
donors, 13 CB) in a single allogeneic cohort. In this cohort, 5-year
posttransplant RFS and OS rates were 48.3% (95% CI, 40.2-56.0) and
56.7% (95% CI, 48.4-64.2), respectively. CIR was 25.4% (95% CI,
19.3-33.0), whereas NRMwas 25.8% (95% CI, 19.7-33.4). Posttrans-
plant outcome according to the conditioning regimen (RIC vsMAC) is
detailed in supplemental Table 3. Interestingly, MRD2 response did
not influence post–allogeneic SCT outcome, as illustrated for RFS in
supplemental Figure 1. In the autologous cohort, posttransplant RFS,
OS,CIR, andNRMrateswere46.1%(95%CI,28.3-62.1),55.1%(95%CI,
35.5-70.9), 47.5% (95% CI, 32.1-65.7), and 6.1% (95% CI, 1.5-22.2),
respectively. In both allogeneic and autologous cohorts, no differences
in posttransplant outcomewere observed between randomization arms

Figure 1. Outcome by randomization arm. (A) EFS by randomization arm. At 5 years, the EFS rate was estimated at 32.1% (95% CI, 24.0-40.4) in arm B vs 42.2% (95% CI,

33.5-50.6) in arm A (P5 .13). (B) OS by randomization arm. At 5 years, the OS rate was estimated at 43.0% (95% CI, 33.9-51.7) in arm B vs 48.3% (95% CI, 39.2-56.8) in arm

A (P 5 .37).

Table 4. Stem cell transplantation modalities by randomization arm

CR patients All patients (n 5 254) Arm A (n 5 133) Arm B (n 5 121) P

Patients with a donor*, n

Sibling donor 88 41 47

Unrelated donor 81 46 35 .39

No donor 85 46 39

SCT cohorts, n

Allogeneic 161 82 79

Autologous 35 17 18 .53

No transplant 58 34 24

Stem cell source type (allogeneic cohort), n

Sibling donor 76 33 43

Unrelated donor 72 40 32 .15

Cord blood 13 9 4

Conditioning type (allogeneic cohort), n

MAC 124 59 65
.14

RIC 37 23 14

Median time from CR to SCT, d (range)

Allogeneic SCT cohort 105 (12-583)† 106.5 (56-480) 105 (12-583) .69

Autologous SCT cohort 122 (69-312) 125 (86-312) 113.5 (69-286) .28

MMolR at MRD2 time point, n/tested

Allogeneic SCT cohort 90/134 51/71 39/63 .27

Autologous SCT cohort 29/33 13/16 16/17 .33

Molecular CR at MRD2 time point, n/tested

Allogeneic SCT cohort 33/134 20/71 13/63 .33

Autologous SCT cohort 15/33 9/16 6/17 .30

*Numbers of patients with a donor identified by the protocol criteria are shown; we used a 3-mo cutoff for identifying a donor and checked for each patient whether donor

identification was obtained before this time cutoff.

†Median time was 97.5 and 117 d in patients receiving SCT from sibling and unrelated donors, respectively.
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(supplemental Table 4). Unexpectedly, trends toward higher CIR and
lowerNRMwerenonetheless observed after allogeneicSCT in themore
chemointensive arm B as compared with the imatinib-based arm A.

Role of SCT in CR1

We first analyzed the impact of allogeneic SCT in the whole popu-
lation of 254CRpatients.We included the 13CRpatients.55 years
old and enrolled before the RIC amendment in this comparison,
because 6 of them had received RIC-SCT. As illustrated in
Figure 3A-B, allogeneic SCT in CR1 was associated with a sig-
nificant benefit in RFS (HR, 0.69 [95% CI, 0.49-0.98]; P 5 .036)
and OS (HR, 0.64 [95% CI, 0.44-0.93]; P 5 .02). A higher WBC
was the only factor identified as interacting with this beneficial
effect (P 5 .007 and P 5 .033 for RFS and OS interactions, re-
spectively). This finding is illustrated in supplemental Figure 2,
which shows that only patients with a high WBC significantly
benefited from SCT when using 30 3 109/L as a WBC cutoff. We
also observed that patients achieving a molecular CR at MRD2 did
not benefit fromSCT in termofRFS (HR, 1.02 [95%CI, 0.47-2.21];
P 5 .96), whereas those with persistent MRD did (HR, 0.62 [95%
CI, 0.40-0.96]; P 5 .034), even if interaction was not here sta-
tistically significant (P5 .18) (supplemental Figure 3). We also did
a donor vs no-donor analysis (Table 5; supplemental Appendix).
Using this methodology, RFS and OS were not significantly im-
proved in the donor group. Repeating this analysis after excluding
the 13 patients who received unplanned CB-SCT from the no-donor
group yielded similar results for RFS andOS (HR, 0.74 [95%CI, 0.51-
1.08; P5 .11] and 0.71 [95% CI, 0.48-1.06; P5 .10], respectively).

We then compared the outcomeof patientswho received allogeneic
SCT vs autologous SCT, restricting the comparison to the 134 patients
whowere inMMolR atMRD2because itwas an eligibility criterion for
autologous transplantation. Among these patients, 90 were allografted
and 29 were autografted in CR1. As shown in Figure 3C-D, RFS and
OS did not differ after autologous or allogeneic SCT in these patients
(HR, 0.94 [95% CI, 0.53-1.65; P5 .82] and 0.95 [95% CI, 0.51-1.74;
P5 .86], respectively). SimilarRFSandOS resultswere observedwhen
patients who received RIC-SCT were excluded from the allogeneic
cohort (HR, 1.15 [95% CI, 0.63-2.10; P 5 .64] and 1.02 [95% CI,
0.54-1.93; P 5 .95], respectively).

Multivariable analysis

In univariable analysis, increasing age and body mass index (BMI)
were associated with a worse EFS and OS. Neither WBC, bcr sub-
type, presence of ACAs, nor early MRD response significantly in-
fluenced the outcome. In a multivariable analysis that included
treatment arm, allogeneic SCT as a time-dependent variable, age and
BMI as continuous variables,WBC using the 303 109/L cutoff, and
a WBC/SCT interaction term because of the significant interaction
mentioned above, allogeneic SCT in CR1 and WBC ,30 3 109/L
remained the 2 factors independently associated with longer RFS
(HR, 0.56 [95%CI, 0.35-0.91;P5 .019] and 0.56 [95%CI, 0.34-0.94;
P5 .029], respectively).

Discussion

This study is thefirst large randomized study reporting the long-term
outcome of adult patients with Ph1 ALL treated with a combined
TKI/chemotherapy strategy. It confirms previous reports that such
a combined treatment yields very high CR rates and higher pro-
portions of patients receiving SCT in CR1, resulting in improved
long-term survival.9-13,22 However, relapses still occur and, despite
the introduction of RIC in older patients, allogeneic SCT is still
associated with a substantial NRM in these patients, leading to an
overall outcome similar to, but not better than, that observed in adults
with Ph-negative ALL.

The aim of the study was to investigate whether an initial treat-
ment based on imatinib combined with RIC might lower early tox-
icity and, eventually, posttransplant NRM, without decreasing the
early molecular response rate. Overall, 77% of the patients could be
brought to SCT (63% allogeneic, 14% autologous), which is higher
than the percentage observed in the preimatinib era or in some other
reports.19-21 Results turned out to be positive on the short-term,
validating the concept of initial TKI-based therapy as associated
with lower early mortality and higher CR rate with comparableMRD
response rate. This may be related to the longer exposure to TKI in
arm A (6 weeks compared to 4 weeks in arm B) as shown in previous
studies reporting that continuing dosing of imatinib was associated

Figure 2. Post-SCT outcome by stem cell source (allogeneic SCT cohort). (A) Post-SCT RFS by stem cell source. At 5 years, the posttransplant RFS rate was 57.1%

(95% CI, 44.1-68.2) in patients who received SCT from unrelated donors, 41.6% (95% CI, 30.0-52.4) in those who received SCT from sibling donors, and 38.5% (95% CI,

14.0-62.8) in those who received CB-SCT (P 5 .22). (B) Post-SCT OS by stem cell source. At 5 years, the posttransplant OS rate was 61.7% (95% CI, 48.7-72.3) in patients

who received SCT from unrelated donors, 52.3% (95% CI, 40.1-63.2) in those who received SCT from sibling donors, and 53.9% (95% CI, 24.8-76.0) in those who received

CB-SCT (P 5 .52).
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with better outcome.23,24 However, post–allogeneic SCT outcome
was similar in both randomization arms, leading to similar and still
unsatisfactory EFS and OS. Together, our approach nonetheless
yielded 5-year EFS and OS rates of 37.1% and 45.6%, respectively,
which are at least comparable to the recent UKALLXII/ECOG2993
study reporting 33% EFS and 38% OS rates at 4 years, the Northern
Italy Leukemia Study Group showing 23%EFS and 38%OS rates at
5 years, and the GRAAPH-2003 pilot study.14,22,25

The role of allogeneic transplantation in CR1 in Ph1 ALL adults
has been recently discussed, with the emerging hypothesis that the use
of TKIs frontline and during the entire therapy might improve the
outcome of these patients enough that allogeneic SCT might not be
necessary in CR1.9,26 Our study, however, suggests that allogeneic
SCT remains the best current postremission option in younger patients
able to tolerate this strategy. In a time-dependent analysis, this strategy
was associated with prolonged RFS and OS, even when the donor vs
no-donor comparison did not reach statistical significance (Table 5).
However, the NRM was as high as 25% in transplanted patients, even
whenRICwas introduced early during the trial course. This highNRM
was likely related to the relatively high median age of our cohort. The
study design privileged autologous SCT over continuous combined
therapy in goodMRD responders without a donor. It is thus difficult to
elaborate on how to select patients who could be treated without

allogeneic SCT and which optimal treatment should be offered to such
favorable patients. Nonetheless, our observations suggest that patients
with a lowWBC and/or those reaching a good earlyBCR-ABL1MRD
response could represent this group of favorable patients, as suggested
by the study ofRavandi et al showing that achievingMMolRbetween3
and 12 months posttreatment improved survival.27 Allogeneic SCT,
however, appeared to be as effective in patients who did not reach early
MMolR as in those who did.

We have recently reported that good early immunoglobulin/T-cell
receptor (Ig/TCR)MRD response is the best tool to select patients with
Ph-negative ALL who may not benefit from allogeneic SCT in CR1,
surpassing conventional risk factors such as WBC.28,29 Here, WBC

Figure 3. Role of SCT in CR1. Simon-Makuch plots for RFS (A) and OS (B) in CR patients. t0 was the time of hematologic CR achievement. RFS and OS were significantly

prolonged in the allogeneic SCT cohort (HR, 0.69 [95% CI, 0.49-0.98; P 5 .036] and 0.64 [95% CI, 0.44-0.93; P 5 .020], respectively, by the Andersen-Gill test). Simon-

Makuch plots for RFS (C) and OS (D) in patients in MMolR at MRD2 time point. t0 was the time of MRD2 MMolR achievement. RFS and OS were similar in the autologous and

allogeneic SCT cohorts (HR, 0.94 [95% CI, 0.53-1.65; P 5 .82] and 0.95 [95% CI, 0.51-1.74; P 5 .86], respectively, by the Andersen-Gill test). A 3-month RFS landmark

period (median time from CR to transplantation) was used, because patients should be alive but also in CR1 to be actually transplanted. This landmark allowed minimizing the

bias related to early relapses when comparing OS with this method.

Table 5. Donor vs no-donor analysis using a 3-mo RFS landmark

HR* (95% CI) P

CIR 0.46 (0.30-0.72) .001

NRM 2.05 (1.03-4.11) .042

RFS 0.75 (0.53-1.07) .11

OS 0.75 (0.51-1.09) .13

This analysis was performed in the 235 patients in continuous CR 3 mo after CR

achievement (n 5 160 with a donor; n 5 75 without a donor).

*HR in donor vs no-donor group.
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appeared to be more discriminant than early MRD response, and it is
interesting to note that earlyMRD response was influenced not only by
WBC but also by the bcr subtype. We found that patients with M-bcr
had a lower MRD response rate than those with m-bcr, as previously
suggested. However, in this study, we monitored BCR-ABL1 and not
Ig/TCRMRD levels. These patients could need a longer time to reach
a transcript-basedBCR-ABL1 response, even if theirDNA-based Ig/TCR
response might have occurred earlier. Together, these observations
support the concepts of more prolonged exposure to TKI prior to
SCT and coupled BCR-ABL1 and Ig/TCRMRDmonitoring in these
patients, as planned in our next nilotinib GRAAPH trial.

Finally, it is of interest to comment on the role of autologous SCT.
We observed a similar outcome in patients who reached early MMolR
and received either allogeneic or autologous SCT.Of course,we are not
claiming that autologous SCT is the best treatment option for good
MRD responders.Nonetheless, these results suggest that nonallogeneic
options could be preferred in favorable patients, as associated with less
morbidity and short-term mortality. Continuing TKI/chemotherapy
administration might yield similar results, as suggested by pediatric
studies,23,24 although theoutcomeof theminorityof negatively selected
patients who did not receive any SCT was dismal in our study. In
addition, patients receiving autologous SCT also received prophylactic
posttransplantmaintenance includingTKI,whichwas not planned after
allogeneic SCT.Recently, a small randomized trial comparing imatinib
given either prophylactically or driven byMRD positivity after alloge-
neic SCT showed interesting results, with 5-year EFS andOS estimates
at 83.9% and 80.1% vs 60.4% and 74.5%, in the prophylactic and
MRD-triggered arms, respectively.30 These results suggest that there is
a benefit in combining the immunologic activity of allogeneic SCT and
TKIs to decrease the risk of relapse. Therefore, in the next GRAAPH
trial, patients will also receive TKI maintenance after allogeneic SCT.

To conclude, this study (1) validates the interest of an initial TKI-
based therapy in adults with Ph1 ALL; (2) confirms the role of allo-
geneic SCT in CR1 in these patients, especially in those with persistent
MRD levels; and (3) strongly suggests that favorable patients with low
WBC and/or those with good early MRD response could be treated
with nonallogeneic postremission therapies, including, for instance,
autologous SCT and long-term TKI maintenance. Nevertheless, the
general outcome of Ph1 ALL remains unsatisfactory, and new strat-
egies need to be found that combine new TKIs with less-intense che-
motherapy and post-SCTmaintenance and that integrate new therapeutic
approaches such as bispecific T cell–engaging antibodies or chimeric
antigen receptor T cells.31-34
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Greffe de Moelle et de Thérapie Cellulaire for sharing data; and
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