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I

n the GIMEMA LAL 0904 protocol, adult Philadelphia positive acute
lymphoblastic leukemia patients were treated with chemotherapy
for induction and consolidation, followed by maintenance with imatinib. The protocol was subsequently amended and imatinib was incorporated in the induction and post-remission phase together with
chemotherapy. Due to the toxicity of this combined approach, the protocol was further amended to a sequential scheme based on imatinib
plus steroids as induction, followed by consolidation with chemotherapy plus imatinib and, when applicable, by a hematopoietic stem cell
transplant. Fifty-one patients (median age 45.9 years) were enrolled in
the final sequential protocol. At the end of induction (day +50), 96% of
evaluable patients (n=49) achieved a complete hematologic remission;
after consolidation, all were in complete hematologic remission. No
deaths in induction were recorded. Overall survival and disease-free survival at 60 months are 48.8% and 45.8%, respectively. At day +50 (end
of imatinib induction), a more than 1.3 log-reduction of BCR-ABL1 levels was associated with a significantly longer disease-free survival
(55.6%, 95%CI: 39.0-79.3 vs. 20%, 95%CI: 5.8-69.1; P=0.03), overall
survival (59.1%, 95%CI: 42.3-82.6 vs. 20%, 95%CI: 5.8-69.1; P=0.02)
and lower incidence of relapse (20.5%, 95%CI: 7.2-38.6 vs. 60.0%,
95%CI: 21.6-84.3; P=0.01). Mean BCR-ABL1 levels remained significantly higher in patients who subsequently relapsed. Finally, BCRABL1p190 patients showed a significantly faster molecular response than
BCR-ABL1p210 patients (P=0.023). Though the study was not powered to
evaluate the role of allogeneic stem cell transplant, allografting positively impacted on both overall and disease-free survival. In conclusion, a
sequential approach with imatinib alone in induction, consolidated by
chemotherapy plus imatinib followed by a stem cell transplant is a feasible, well-tolerated and effective strategy for adult Philadelphia positive
acute lymphoblastic leukemia, leading to the best long-term survival
rates so far reported. (clinicaltrials.gov identifier: 00458848).
haematologica | 2016; 101(12)
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Introduction

Methods
Study design and therapy

The Philadelphia (Ph) chromosome represents the most
frequent cytogenetic alteration in adult acute lymphoblastic leukemia (ALL). The incidence of the Philadelphia positive (Ph+) ALL increases with age, from approximately
2%-5% in children/adolescents, to 22% among adult
patients aged 21-50 years, and to over 50% in patients
over 50 years of age.1-4 The presence of the Ph chromosome has historically defined a subgroup of ALL with a
particularly unfavorable prognosis. The advent of tyrosine
kinase inhibitors (TKI) profoundly changed the management and prognosis of this high-risk group of patients, and
the management of Ph+ ALL is described as pre- or post
the TKI era.5-21 Prior to the introduction of TKI, prognosis
was very poor, with virtually no adult patients (<5%)
cured with standard chemotherapy; median survival was
8-10 months unless an allogeneic hematopoietic stem cell
transplant (allo-SCT), the only potentially curative strategy, could be performed.22-25 Today, treatment with TKI,
with5-10,12-15,18-21 or without11,16,17 systemic chemotherapy, represents the most appropriate first-line management of
patients with Ph+ ALL in terms of rates of complete hematologic remission (CHR) and disease-free survival (DFS).
Imatinib has been incorporated into different schedules
either in induction5-7,10,12-14,18-21 or following induction8,10 in
cohorts including also elderly patients,8 with CHR rates
varying from 72% to 96%. Moreover, the use of imatinib
can also act as a “bridge” to an allo-SCT for those patients
eligible.26-30
In the first TKI-based GIMEMA protocol (LAL 0201),
imatinib alone (plus steroids) was used as induction treatment for elderly (>60 years) Ph+ ALL patients.11 The results
showed for the first time that a treatment strategy based
on a TKI alone [plus steroids and central nervous system
(CNS) prophylaxis] and no systemic chemotherapy was
associated with a CHR in virtually all elderly patients with
no deaths in induction;11 some patients are alive ten years
later (S Chiaretti, personal data, 2016). These data provided
the starting point for the design of the subsequent
GIMEMA LAL 1205 protocol, based on the use of the second-generation TKI dasatinib alone for 12 weeks as firstline induction treatment for all Ph+ ALL over 18 years of
age, with no upper age limit; all evaluable patients
obtained a CHR with an overall good compliance and no
deaths and relapses during induction.16 In the GIMEMA
LAL 1205 protocol, post-induction therapy was left to the
investigator’s choice. The issue that still remained after
this study was how best to consolidate patients who
were in CHR following TKI induction, and this is being
addressed in the current dasatinib-based GIMEMA 1509
total therapy protocol.17
The GIMEMA LAL 0904 trial was initially designed for
both Philadelphia negative (Ph–) and Ph+ ALL cases.
When available, imatinib was added for Ph+ ALL
patients. The protocol underwent different amendments
(see Methods). In the last amended protocol (3rd amendment), imatinib plus steroids was used as induction without systemic chemotherapy, followed by a uniform
intensive consolidation chemotherapy plus imatinib and
a subsequent hematopoietic SCT [allo-SCT or autologous (auto)-SCT if a donor was not available]. We report
the final results of the 3rd amendment for the management of adult Ph+ ALL.
haematologica | 2016; 101(12)

Between October 2004 and April 2010, 100 patients with de
novo Ph+ ALL, aged 15-60 years, were enrolled in the GIMEMA
0904 protocol. In the first version of the protocol, Ph+ patients
received chemotherapy as induction and consolidation. When
imatinib became available, it was administered as maintenance.
The protocol underwent a first (1st) amendment based on the use
of a novel asparaginase formulation. The protocol was subsequently amended a second time (2nd) and imatinib was incorporated into the induction and post-remission phase. This scheme was
associated with an unacceptably high rate of induction deaths:
2 deaths were recorded (due to fungal infection and liver toxicity,
respectively) among the first 9 patients enrolled. The protocol
underwent a final amendment (3rd) and imatinib (600 mg/day for
50 days) plus steroids (60 mg/m2/day) were used as induction, followed by a HAM cycle plus imatinib (Figure 1 and Online
Supplementary Appendix) and a hematopoietic SCT, either allogeneic or autologous if no donor was available. A donor search
was carried out first among family members, and if a related donor
was not available an alternative donor search was made according
to the policy of each center.
The enrollment periods, centers, overall survival (OS) and DFS
of the 3 amendments are detailed in the Online Supplementary
Appendix, while the results presented here refer to the patients
enrolled in the 3rd amendment only. The objective of this study
was to evaluate the role of imatinib as induction treatment followed by a uniform consolidation treatment based on the HAM
regimen and a transplant procedure, when possible.
The study was approved by the Ethics Committees of all participating centers and all patients gave their written informed consent in accordance with the Declaration of Helsinki.

Response assessment
Bone marrow (BM) evaluations and molecular monitoring were
performed at baseline, at day +35, +50 (end of induction) and post
consolidation. Patients were considered in CHR in the presence of
5% or less BM blasts, absence of blasts in the peripheral blood
(PB), no extramedullary involvement and a full PB count recovery
(i.e. polymorphonucleates >1.5x109/L and platelets >100x109/L).
Steroid response was based on the PB blast reduction (threshold
≥75%) after the steroid pre-phase. Hematologic relapse was
defined as the presence of blasts in the PB or any non-hematologic
site, or 5% or more BM blasts.

Molecular diagnosis and minimal residual disease
monitoring
Molecular analyses were performed at “La Sapienza” University
of Rome, Italy. Total RNA was extracted from BM samples using
the TRizol reagent or the Qiagen extraction kit. A reverse transcriptase multiplex polymerase chain reaction (RT-PCR-multiplex)31 was performed to detect the p190 or p210 forms of the
BCR-ABL1 fusion product within the 7-day steroid pre-phase.
Minimal residual disease (MRD) monitoring was performed by
quantitative real-time PCR (Q-RT-PCR).32,33 BCR-ABL1 transcript
levels were normalized to the number of the ABL1 control gene
and expressed as BCR-ABL1/ABL1 x100; the level of BCR-ABL1
expression was then converted into a base 10 logarithmic scale. A
complete molecular response was defined as a BCR-ABL1/ABL1
ratio equal to zero.

Statistical analysis
Overall survival and DFS were estimated using the KaplanMeier method. Cumulative incidence of relapse (CIR) was calcu1545
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Imatinib maintenance

lated using the cumulative incidence method (Online
Supplementary Appendix).
A 1.3 log-reduction cut off was chosen on the martingale residual analysis on the univariate Cox model; an increasing smoothed
martingale residual plot indicated a prognostic effect of log BCRABL1 reduction levels on DFS. The statistical significance for
reduction of BCR-ABL1 levels was assessed using the MannWhitney test.
The log-rank test was used to compare risk-factor categories for
the Kaplan-Meier curves and the Gray test for the incidence
curves. Multivariate analysis was performed by the Cox model;
results were expressed as Hazard Ratios (HR) ± 95% confidence
intervals (95%CI). The role of transplant was evaluated in a Cox
model with a time-dependent covariate. All tests were two-sided;
P<0.05 was considered significant. Analyses were performed
using SAS v.9.4 software (SAS Institute, Cary, NC, USA).

Results
Patients
From July 2007 to April 2010, 51 adult Ph+ ALL were
enrolled in the 3rd amended protocol; 28 were females and
23 males. Median age was 45.9 years (range 16.9-59.7) and
median white blood cell (WBC) count was 28.0x109/L
(range 1.4-597.0). Thirty-nine patients had the p190 form
of BCR-ABL1, 7 the p210 form, and 5 both p190 and p210
(for all analyses, these latter two groups were considered
together).

Induction treatment response and toxicity
Of the 51 patients enrolled, 49 were evaluable for
response, while 2 discontinued treatment for medical decision. After the steroid pre-phase, 79% of patients showed
a PB blast reduction of 75% or over and 21% less than
1546

Figure 1. Schematic representation of the
GIMEMA 0904 3rd amendment. Steroid prephase: oral prednisone at increasing doses (1060 mg/m2/day) for seven days. Induction therapy: oral imatinib at a dose of 600 mg daily for 50
days; prednisone (60 mg/m2/day) until day +24,
then tapered and stopped at day +32; intrathecal methotrexate (15 mg) on days +21 and +35.
Consolidation treatment: HAM regimen plus oral
imatinib at a dose of 600 mg daily. Post consolidation: a hematopoietic SCT, either allogeneic or
autologous (if no donor was available) was
offered; otherwise, patients continued treatment
with imatinib. Patient flow-chart is also provided.
pts: patients; CR: complete remission; Progr: progression; allo-SCT: allogeneic stem cell transplantation; Auto-SCT: autologous stem cell transplantation; AraC: cytarabine.

75%. At the end of the induction treatment with imatinib
plus steroids, 47 of 49 evaluable patients (96%) achieved a
CHR; of the remaining 2 patients, 1 had a partial response
and the other was refractory to induction and both were
rescued with the HAM chemotherapy scheme and
achieved a CHR.
Overall, treatment was well tolerated; adverse events
(AE) were recorded in 24 patients and were grade 3 or
over only in 7 (Table 1). The most frequent AE were represented by grade 1-2 gastrointestinal disorders (n=6) and
increase in alanine/aspartate aminotransferase levels
(n=4). No deaths were recorded during the induction
phase.

Post-remission treatment
Of the 47 patients in CHR after the induction phase
with only imatinib plus steroids, 43 performed the
planned consolidation therapy with the HAM regimen. Of
the remaining 4 patients, 1 refused further treatment and
3 did not undergo the treatment scheduled by medical
decision: 2 of 3 these patients directly underwent an alloSCT without additional chemotherapy and the other continued treatment with imatinib.
Both patients who achieved a CHR after HAM underwent an allo-SCT; one after receiving a consolidation cycle
with high-dose cytarabine (HD-ARA-C) and idarubicin, as
per protocol guidelines, while the other proceeded directly
to transplant.
After the planned consolidation chemotherapy, 20
patients underwent an allo-SCT with a myeloablative
conditioning regimen [8 siblings, 10 matched unrelated
donor (MUD), 2 haploidentical]. Twenty-four patients did
not receive a transplant for the following reasons: medical
decision in 8 patients, relapse in 7, toxicity in 5, refusal in
1, and no donor in 3. An auto-SCT was performed in the
3 patients for whom no donor was available.
haematologica | 2016; 101(12)
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The induction and post-remission results are shown in
Figure 1.
Considering the entire cohort, including also the
patients (n=5) who did not perform the planned therapy, 9
patients have died in CHR, either due to complications
following chemotherapy (6 of 26, 23.07%) or allo-SCT (3
of 23, 13.04%). Among patients who received only
chemotherapy, 3 experienced a fatal infection: 1 had a
hemorrhage and 1 a fatal neurotoxicity, while cause of
death is unknown for the other. Among allografted
patients, 1 experienced multiorgan failure, 1 died of infection and 1 of widespread graft-versus-host disease.

Minimal residual disease monitoring
BCR-ABL1 transcript levels decreased during the imatinib plus steroids induction therapy. The highest reduction was observed between the onset and day +35 of therapy (P<0.0001), while reduction did not reach statistical
significance (P=0.393) between days +35 and +50, thus
indicating that the greatest activity of treatment in terms
of MRD reduction is observed during the first four weeks
of treatment. Consolidation chemotherapy (HAM regimen) induced a further reduction of the BCR-ABL1 levels
compared to those obtained at the end of induction, even
if the log-reduction was not statistically significant
(P=0.103) (Figure 2). In particular, a disease reduction
greater than 1.3 log was observed in 72% of patients at
day +35, in 72% of patients at day +50, and in 90% of
patients after the post-consolidation therapy; 3% of
patients achieved a complete molecular remission at day
+50 of the current protocol.
Mean BCR-ABL1 levels remained significantly higher in
patients who subsequently relapsed compared with those
who remained free from relapse at the last follow up
(P=0.038). BCR-ABLp190 patients showed a more rapid
molecular response compared to BCR-ABLp210 patients and
this difference was statistically significant at day +50 (end
of induction) (P=0.023).

Relapses

Q-PCR levels (log scale)

At the last follow up (median 51.8 months, range 2.775.3), 17 relapses had occurred [11 hematologic, 5 central
nervous system (CNS) and 1 not defined], all after completing the induction phase. In those patients who
received the planned therapy, 5 relapses occurred in the

haematologica | 2016; 101(12)

20 allo-SCT patients (25%), 11 in the 21 non-transplanted
group of patients (52.4%), and an additional relapse was
recorded among the 4 patients (25%) who did not undergo consolidation therapy. Overall, the median time to
relapse from achievement of 1st CHR was 7.6 months
(range 2.1-32.9): this was 3.5 months (range 2.1-32.9) in
non-transplanted patients, while in transplanted cases it
was 8.6 months (range 5.7-12.2). In both subgroups, no
relapse was observed later than 33 months.
Among relapsed patients, there was a statistically significant difference in median WBC count at diagnosis
between relapsed versus non-relapsed cases (59.2x109/L vs.
19.5x109/L; P=0.01). Furthermore, relapse was associated
with female sex (5 men and 12 women in relapsed cases
vs. 18 men and 14 women among non-relapsed cases),
although this was not significant (P=0.07). Finally, fewer
relapses [not significant (n.s.)] occurred in patients with
the BCR-ABL1p190 form (12 of 39, 30.7%) than in patients
with the BCR-ABL1p210 form (5 of 12, 41.7%). We
observed no differences in age among the two groups
(median age 43.0 vs. 46.3 years, respectively).
We also analyzed the impact of MRD in relation to

Table 1. Adverse events in induction.

System organ class

Grade Grade Patients
1-2 ≥3
with
grade
≥3 AE

Gastrointestinal disorders
Vascular disorders, thrombosis
Nervous system disorders
Cardiac disorders
Respiratory, thoracic and mediastinal disorders
General disorders
Skin and subcutaneous tissue disorders
Infections and infestations
Laboratory investigations
Alanine and aspartate aminotransferase
Fibrinogen increased
Fibrinogen decreased

6
1
2
1
4
5
4
1
-

1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1

AE: adverse events.

Figure 2. Minimum residual disease (MRD)
monitoring during treatment. MRD monitoring was performed by quantitative real-time
PCR (Q-RT-PCR) and BCR-ABL1 expression
levels converted into a logarithmic (base 10)
scale. A highly significant (P<0.0001) disease reduction was observed between the
onset and day (d) +35, and an additional
decrease [P=not significant (ns)] between
days +35 and +50. Consolidation chemotherapy induced a further reduction (P=ns) of the
BCR-ABL1 levels compared to those obtained
at the end of induction.

1547
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Disease-free survival and overall survival
Median follow up of the study is 51.8 months (range
2.7-75.3). DFS at 60 months is 45.8% (95%CI: 33.6-62.5),
with a median DFS of 40.1 months (Figure 4A). OS at 60
months is 48.8% (95%CI: 36.4-65.3), with a median OS of
48.8 months (Figure 4B).
Overall survival and DFS were analyzed taking into
account MRD levels and post-consolidation treatment (i.e.
allo-SCT vs. no allo-SCT). With regard to MRD, DFS was
analyzed according to the molecular response at day +50,
i.e. the induction end point: estimations at 60 months
were 20% (95%CI: 5.8-69.1) for patients with BCR-ABL1
log reduction levels less than 1.3 log and 55.6% (95%CI:
39.0-79.3) for patients with log reduction levels of 1.3 log
or over (P=0.03) (Figure 5A). Accordingly, OS was significantly worse (P=0.02) for patients with BCR-ABL1 log
reduction levels less than 1.3 log (20%, 95%CI: 5.8-69.1)
than for patients with log reduction levels 1.3 log or over
(59.1%, 95%CI: 42.3-82.6) (Figure 5B).
Disease-free survival and OS were also analyzed on the
basis of the allo-SCT procedure (allo-SCT, n=23; no alloSCT, n=26). Patients undergoing an auto-SCT (n=3) were
not considered given the small number of patients. AlloSCT, considered as a time-dependent covariate in patients
undergoing HAM therapy as consolidation treatment,
impacted on all survival end points (DFS, P=0.06; OS,
P=0.03; CIR, P=0.06).

Univariate and multivariate DFS analysis
Taking into account in univariate analysis WBC count at
diagnosis (as continuous variable), age (as continuous variable), sex, response to the steroid pre-phase, type of
BCR-ABL1 transcript, BCR-ABL1 log-reduction at day +35,
day +50 and post consolidation, and allo-SCT, a significant
correlation was found with DFS for the WBC count
(P=0.03), with DFS and OS for response to the steroid prephase (P=0.004 and 0.0035, respectively) and BCR-ABL1
1.3 log-reduction at day +50 (P=0.04 and 0.028); concerning OS, a trend towards significance was only observed
according to age (P=0.06).
In multivariate analysis, only response to the steroid
pre-phase and a BCR-ABL1 1.3 log-reduction at day +50
correlated with DFS (P=0.002 and P=0.05, respectively)
and OS (P=0.002 and P=0.008, respectively).

Discussion
We report the final results of the GIMEMA LAL 0904
protocol for adult Ph+ ALL patients. This protocol was initially based on an induction and post-remission phase
based on chemotherapy, followed by imatinib administration as maintenance. Subsequently, it was modified to a
combined imatinib-chemotherapy induction treatment
which, due to toxicity, was amended to a sequential program schedule based on imatinib plus steroids in induction, followed by the HAM chemotherapy regimen and,
when applicable, a transplant procedure. The results
obtained indicate that not only in the elderly,11 but also in
1548

Figure 3. Cumulative incidence of relapse (CIR) on the basis of reduction in
minimum residual disease (MRD). Patients were stratified according to the 1.3
log reduction at day +50 (cut-point 1.3 log). CIR was significantly lower in
patients with an MRD reduction of 1.3 log or over (continuous line) at day +50
vs. those with an MRD reduction less than 1.3 log (dashed line) (60.0%, 95%CI:
21.6-84.3 vs. 20.5%, 95%CI: 7.2-38.6, respectively; P=0.01). CR: complete
remission.

young adult ALL patients (age 15-60 years), imatinib plus
steroids alone as induction treatment result in a marked
debulking of the neoplastic clone. In fact, at the end of the
induction phase, 47 of 49 of the evaluable patients (96%)
achieved a CHR and the 2 remaining patients obtained a
CHR with the HAM regimen. In terms of CHR, these
results compare favorably with those reported by other
studies in which imatinib was administered concomitantly to chemotherapy or in various schedules during induction or consolidation, with CHR rates ranging from 72%
to 96%.5,6,10,12,13,15,18-21,34,35 Furthermore, our schedule has the
advantage that there are fewer deaths during induction
treatment, in contrast to the majority of the combination
studies in which, with few exceptions,5 toxic deaths were
recorded in 2%-7% of cases.6,8,12-14,18-20 Indeed, toxicity was
recorded in the initial combination protocol
(imatinib+chemotherapy) that led to the final amendment
to a sequential strategy. These results indicate that the
induction treatment for adult Ph+ ALL can be effectively
based on the administration of imatinib plus steroids,
without systemic chemotherapy, which enables a CHR to
be obtained in virtually all patients with no deaths in
induction. The toxicity of the combination of a tyrosine
kinase inhibitor (TKI) with conventional chemotherapy
has also been reported by the PETHEMA group,19 and
more recently by Chalandon et al.36 who have shown that
imatinib can be effectively and more safely combined
with reduced intensity chemotherapy.
As expected, at day +50 (end of the induction), the
molecular disease was still present at low levels in the
majority of patients. Mean BCR-ABL1 levels appeared to
be more rapidly reduced in p190+ cases than in p210+
patients, as observed in our previous study based on dasatinib,16 confirming a significantly greater susceptibility of
BCR-ABLp190-expressing cells to TKI. In our analysis,
patients who reached lower levels of disease at day +50
had a significantly better outcome than those with higher
levels of residual disease at the end of induction, both in
terms of DFS (20.0% vs. 55.6%; P=0.03), reduced CIR
haematologica | 2016; 101(12)
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relapse and observed a significant difference in terms of
CIR between patients who had reached MRD levels
below 1.3 log at day +50 and those who did not (60.0%,
95%CI: 21.6-84.3 vs. 20.5%, 95%CI: 7.2-38.6, respectively; P=0.01) (Figure 3).

Probability of relapse

S. Chiaretti et al.

B

Survival probability

Survival probability

A

Figure 4. Survival of the whole study population. Median follow up is 51.8 months.
(A) Disease-free survival (DFS) at 60
months is 45.8% (95%CI: 33.6-62.5), with
a median DFS of 40.1 months. (B) Overall
survival (OS) at 60 months is 48.8%
(95%CI: 36.4-65.3), with a median OS of
48.8 months. CR: complete remission.

(20.5% vs. 60.0%; P=0.01), and OS (20.0% vs. 64.0%;
P=0.02) at 60 months. In particular, patients who maintained their remission state over time had achieved significantly lower levels of MRD at day +50 than patients who
subsequently relapsed. Therefore, MRD levels post induction or in consolidation is a significant risk factor for treatment failure. These results confirm the observations made
in our previous study based on the use of dasatinib in
induction,16 and are in line with the current general knowledge on the prognostic impact of MRD.12,19,37-43
Furthermore, they strengthen the notion that MRD negativity should be regarded as a major goal in Ph+ ALL treatment. Indeed, with few exceptions,20,38 it is now well
established that BCR-ABL1 transcript levels correlate with
response. Lee et al.37 were able to demonstrate that a 3-log
reduction in BCR-ABL1 transcripts after one month of
imatinib treatment strongly predicted a reduced risk of
relapse and confirmed these results in a subsequent
study.40 A correlation between MRD levels and outcome
has also been reported by Ravandi et al. in patients treated
either with imatinib or dasatinib and chemotherapy.41
Two studies44,45 analyzing the outcome of patients with
Ph+ ALL who underwent a transplant showed that the persistent expression of BCR-ABL1 during the first 100 days
post transplant was associated with a higher incidence of
relapse and a lower DFS. Both studies argue in favor of a
maintenance therapy with imatinib after transplant in
patients with a positive MRD evaluation, and this has also
been suggested in more recent studies.46,47 In contrast,
Yanada et al.38 observed no association between rapid
achievement of BCR-ABL1 negativity and long-term outcome after an initial imatinib/chemotherapy induction
regimen, and the GRAAL group also reported that early
MRD evaluation did not significantly influence patient
outcome, either in terms of OS or DFS.20
One issue that remains open to discussion concerning
the role of MRD is represented by the substantial differences in the way PCR for BCR-ABL1 detection is performed, how results are reported in different laboratories
worldwide, and the timing of MRD evaluation. The indications suggested by White et al.48 will hopefully lead to an
international standardization of the assessment of the levhaematologica | 2016; 101(12)

els of BCR-ABL1. With these premises in mind, the MRD
clearance obtained in the current study is inferior to that
reported by other groups in which the reported levels of
MRD, evaluated at different time points and with different cut-off points, ranged from 26% to 86%.5,7,10,13,18,19 This
could be explained by the fact that, in this trial,
chemotherapy was not part of the induction treatment.
However, in the 2nd amended version of this trial, where
both chemotherapy and TKI were simultaneously administered, 2 deaths in induction were recorded in the first 9
treated patients (1 fungal infection and 1 liver toxicity).
The protocol was, therefore, discontinued and modified
into a sequential strategy. In addition, it should be remembered that imatinib has per se a less profound molecular
debulking effect compared to dasatinib, which in vitro has
a 325-fold greater potency in inhibiting BCR-ABL1.49 In
line with this, in our previous GIMEMA LAL 1205 trial16
based on dasatinib administration and steroids as induction (without a uniform post-induction treatment), we
documented a more pronounced MRD clearance at the
end of induction; in fact, 16% of patients achieved a complete molecular response at day +57 and 20% at day +85
(end of induction) compared with 3% at day +50 in the
current protocol.
One of the aims of the present study was to see whether
a uniform post-induction therapy was capable of improving outcome. The comparison between this regimen and
the dasatinib study leads to two main conclusions. 1)
Dasatinib exerts a more potent anti-leukemic activity
compared to imatinib, mostly in terms of MRD clearance.
2) It confirms the importance of a uniform consolidation
chemotherapy regimen (HAM) and transplant when possible; in fact, this translated into significantly better DFS
and OS rates compared to the LAL 1205 protocol in which
the post-consolidation phase was open (Online
Supplementary Figure S2).
A formal comparison with other studies, with the limitation that the follow-up period is extremely heterogeneous, shows that our data compare favorably in terms of
both short- and, in particular, long-term DFS and OS. In
fact, in our study, OS and DFS at 24 months were 66.4%
and 54.6%, respectively; these results are in line with
1549
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tinib). OS and leukemia-free survival (LFS) significantly
increased among the 3 categories, being 16% and 11%,
48% and 39%, and 57% and 52%, respectively. In our
study, only 3 patients underwent an auto-SCT and it is,
therefore, impossible to draw any conclusion on this topic;
nevertheless, 2 of 3 patients are in continuous complete
remission at 42.8 and 57.2 months, respectively, confirming
that this procedure may indeed be effective in this subset of
patients. In conclusion, this study shows that in adult Ph+
ALL a sequential strategy based on an induction with ima-

Survival probability

A

B

Survival probability

studies from the MDACC,5 GRAAL8 and GRAAPH-200310
trials, and with a more recent report from the MDACC14
based on dasatinib administration. With regard to the
long-term follow up, our data show that the OS and DFS
at 60 months are 48.8% and 45.8%, respectively. In the
Italian NILG 09/00,12 Spanish CSTIBES02,13 French
GRAAL,20 English UKALLXII/ECOG299321 and MDACC35
studies, the 4-5 year OS and DFS rates were 38% and
39%,12 30% for both,13 52% and 44%,20 38% of OS and
50% at four years of relapse-free survival,21 and 43% for
both.35 Thus, our long-term outcome results appear superior; this could be due to the fact that we have had no
deaths in induction nor major toxicities associated to
chemotherapy, which was delivered to patients (96% of
cases) already in hematologic remission. All relapses
occurred after completing the imatinib plus steroids induction phase and took place during/after the post-consolidation therapy; in fact, the median time to relapse from
achievement of the first CHR was 7.6 months. Five of the
17 relapses were at the CNS level. Notably, no CNS
relapses were observed in our previous dasatinib-based
study, thus confirming the scarce penetration capability of
imatinib;50-52 indeed, Pfeifer et al. reported that treatment
with imatinib without CNS prophylaxis is associated with
meningeal leukemia in 12% of cases.50 In line with this,
Takayama et al.51 showed that the concentration of imatinib in the cerebrospinal fluid is roughly 92-fold lower
than that in the blood.51 Finally, Porkka et al. reported that
dasatinib is capable of increasing survival in a K562
intracranial chronic myeloid leukemia (CML) mouse
model, whereas imatinib is not.52 Overall, these results
indicate that a more active CNS prophylaxis must be
administered when using imatinib as front-line therapy.
This study was not powered to define the efficacy of
allo-SCT but rather the feasibility of a sequential therapeutic strategy that contemplated also a transplant. (alloSCT was administered to patients with an available donor,
mostly siblings, and to those deemed fit to proceed to
transplant procedures.) Nevertheless, allo-SCT, that is still
the standard curative approach in this subset of patients,
was associated with a better DFS, OS or CIR in this imatinib-based protocol. It must be noted that the non-transplanted group included patients who experienced an early
relapse, the main reason for not undergoing an allo-SCT,
and older patients. It is also worth underlining that in both
transplanted and non-transplanted patients relapses were
not observed later than 33 months, suggesting that a subgroup of patients might be spared transplant procedures
and the related morbidities.
Finally, it has recently been proposed12,36,53,54 that auto-SCT
might have a role in Ph+ ALL since the introduction of TKI
and the precise quantification of MRD. The NILG group12
reported a 5-year cumulative survival of 67% for 9 autografted patients. Chalandon et al.36 showed that, among the
29 autografted patients in major molecular response, there
was no statistically significant difference in outcome from
that of allografted cases. Similarly, the CALGB Study 10001
(Alliance)53 proved that an auto-SCT, performed in 19 individuals, gave results similar to those obtained with an alloSCT (n=15). Finally, Giebel et al.54 extensively evaluated the
role of auto-SCT in a cohort of 177 adult Ph+ ALL. Patients
were subdivided into 3 categories, according to the period
in which the procedure was performed: 1996-2001, 20022006 (during which sporadic cases received TKI during therapy), and 2007 onwards (when all patients received ima-

Figure 5. Survival at 60 months on the basis of the reduction in minimal residual disease (MRD). (A) Disease-free survival (DFS) was significantly better for
patients with BCR-ABL1 log reduction levels of 1.3 log or over (55.6%, 95%CI:
39.0-79.3, continuous line) than for patients with log reduction levels less than
1.3 log (20.0%, 95%CI: 5.8-69.1, dashed line) (P=0.03). (B) Overall survival (OS)
at 60 months is 59.1% (95%CI: 42.3-82.6) for patients with BCR-ABL1 log
reduction levels of 1.3 log or over, and 20% for patients with log reduction levels
less than 1.3 log (95%CI: 5.8-69.1). CR: complete remission.
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tinib and steroids followed by chemotherapy and, when
possible, by a SCT is feasible, well tolerated and provides
superior results in terms of CHR achievement, long-term
DFS and OS compared to other studies in which
imatinib/dasatinib are administered together with
chemotherapy during the induction phase or following
chemotherapy. Based on a case series of almost 200 adult
patients with Ph+ ALL, with no upper age limit, the
GIMEMA group has observed that, with the use of a TKI
alone (plus steroid and intrathecal treatment), more than
95% of cases can obtain a CHR with no deaths in induction. We continue, therefore, to support a strategy that
allows a CHR to be obtained in virtually all patients, including the elderly, based on this chemotherapy-free approach.
Furthermore, our study confirms the importance of MRD,
the negativity of which should be a major objective in this
disease: a higher rate of MRD negativity is likely to be
achieved with the inclusion of 2nd- and, more likely, 3rd-generation TKI such as ponatinib, which have been proven to
have a greater debulking effect,9,14,16,55 and might possibly be
more active in patients with the BCR-ABLp210 form, given
the lower MRD clearance observed in this subgroup of
patients. As far as ponatinib is concerned, a recent study
from the MDACC55 on 37 patients has indeed shown that
its use as upfront therapy, combined with chemotherapy, is
able to induce extremely promising results with 2-year
event-free survival (EFS) and OS of 81% and 80%, respectively, although 6 toxic deaths were recorded.55
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