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The GIMEMA LAL1509 protocol, designed for adult (≥18-60 years)
de novo Philadelphia chromosome positive (Ph+) acute lym-
phoblastic leukemia (ALL) patients, was based on dasatinib plus

steroids induction - with central nervous system prophylaxis - followed
by dasatinib alone in patients in complete molecular response or by
chemotherapy and/or allogeneic transplant in patients not reaching com-
plete molecular response. Sixty patients (median age 41.9 years) were
enrolled: 33 were p190+, 18 p210+ and nine p190/p210+. At the end of
induction (day +85), 58 patients (97%) achieved complete hematologic
remission. No deaths in induction were recorded. Eleven patients
(18.3%) obtained complete molecular response. Among the incomplete
molecular responders (n=47), 22 underwent an allogeneic transplant.
Seventeen hematologic relapses occurred (median 7 months; range, 3-
40.1): 13 during consolidation and four post-transplant. ABL1 mutations
(five T315I, three V299L, one E281K and one G254E) were found in ten
of 13 relapsed cases. With a median follow-up of 57.4 months (range,
4.2-75.6), overall survival and disease-free survival were 56.3% and
47.2%. A better disease-free survival was observed in patients who
obtained a molecular response at day +85 compared to cases who did
not. The presence of additional copy number aberrations - IKZF1 plus
CDKN2A/B and/or PAX5 deletions - was the most important unfavor-
able prognostic factor on overall and disease-free survival (P=0.005 and
P=0.0008). This study shows that in adult Ph+ ALL long-term survivals
can be achieved with a total-therapy strategy based on a chemotherapy-
free induction and, in complete molecular responders, also without fur-
ther systemic chemotherapy. Finally, the screening of additional copy
number aberrations should be included in the diagnostic work-up (clini-
catrial gov. Identifier: EudraCT 2010-019119-39).
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ABSTRACT



Introduction

Philadelphia positive (Ph+) acute lymphoblastic leukemia
(ALL) was historically recognized as the ALL subset with
the most unfavorable outcome. The Ph chromosome desig-
nates the shortened chromosome 22 which encodes the
BCR-ABL fusion gene/protein kinase. It arises from a
translocation termed t(9;22)(q34;q11) and leads to BCR-
ABL1 rearrangement.1 The incidence of the Ph+ ALL
increases with age, is detected in more than 50% of elderly
B-lineage ALL patients, and represents the most common
genetic abnormality in adult ALL.2-4

The advent of tyrosine kinase inhibitors (TKI) has dra-
matically changed the management and the prognosis of
this high-risk group of patients.5-9 In fact, in the pre-TKI era,
treatment with standard chemotherapy rarely produced
sustained complete remissions and less than 20% of Ph+
ALL patients were long-term survivors. Allogeneic stem cell
transplant (allo-SCT), when feasible according to age and
comorbidities, represented the only possibility of cure, if
complete hematologic remission (CHR) was achieved.10-12

Nowadays, TKI with5,9,13-15 or without7,8,16,17 systemic
chemotherapy in induction represent the gold standard
approach. TKI-based schemes have led to a significant
improvement in terms of CHR, reached in virtually all
patients, disease-free survival (DFS) and overall survival
(OS) rates. Nevertheless, the combination of TKI with con-
ventional chemotherapy is aggravated by toxicities and
treatment-related mortalities and a 2-7% death rate during
induction has been reported in different studies.9,13,18 De-
intensified chemotherapy regimens have been utilized to
limit toxicity associated with the combined use of a TKI
and standard chemotherapy.19,20

In order to overcome the treatment-related toxicity of the
combined TKI-chemotherapy approach, the GIMEMA
(Gruppo Italiano Malattie EMatolologiche dell’Adulto)
group has applied - over the past 15 years - a
chemotehrapy-free induction strategy using first, second or
third generation TKI in combination with steroids and cen-
tral nervous system (CNS) prophylaxis. The first trial with
imatinib (clinicaltrials gov. Identifier: LAL0201) was
designed for elderly patients (>60 years) and represented
the proof of principle that CHR could be achieved without
the use of systemic chemotherapy in Ph+ ALL.7 In the fol-
lowing study (clinicaltrials gov. Identifier: LAL0904) the
same induction backbone was applied to adults up to the
age of 60 years of age and patients received chemotherapy
as consolidation treatment; if feasible by donor availability
and clinical fitness, patients then underwent allo-SCT. The
results of this study showed an OS and DFS at 60 months
of 48.8% and 45.8%, respectively.17 The subsequent
GIMEMA trial (clinicaltrials gov. Identifier: LAL1205) used
the second generation TKI dasatinib for 12 weeks as first-
line induction treatment for all Ph+ ALL over 18 years of
age and with no upper age limit. All 53 patients obtained
CHR at the end of the induction with eight patients
(15.1%) being in complete molecular response (CMR) and
no deaths or progressions were recorded during induction;
consolidation was left to each treating center. At 20
months, the OS was 69.2% and the DFS was 51.1%.16 In
the subsequent GIMEMA LAL1509 protocol the same
induction strategy was utilized - dasatinib in combination
with steroids together with CNS prophylaxis - followed by
a consolidation strategy modulated according to the molec-
ular response upon induction: patients in CMR continued

dasatinib until relapse/progression, while patients who did
not reach CMR status continued with systemic chemother-
apy and/or allo-SCT. We herein report the final results of
the study.

Methods

Study design, therapy and endpoint
The GIMEMA LAL1509 trial (clinicaltrials gov. Identifier:

EudraCT 2010-019119-39) was designed for adult Ph+ ALL
patients (18-60 years). The identification of the BCR-ABL1 tran-
script was performed centrally within the steroid pre-phase (see
below). Induction consisted of 12 weeks of dasatinib administra-
tion (140 mg/day), preceded by a 7-day steroid pre-phase (escalat-
ing doses from 20 up to 60 mg/m2): steroids were administered for
24 days, then tapered until day 31. Patients continued treatment
with dasatinib until day 84 after induction, cases in CMR contin-
ued dasatinib until progression or minimal residual disease (MRD)
increase or occurrence of toxicity (grade ≥3). MRD-positive
patients were stratified according to transplant eligibility: i) those
with a promptly available human leukocyte antigen-compatible
donor proceeded to an allo-SCT (by protocol guidelines, a hap-
loidentical donor was not permitted); ii) those with a compatible,
but not readily available donor, received one chemotherapy con-
solidation cycle prior to allo-SCT; iii) those non-eligible for allo-
SCT received two chemotherapy consolidation cycles. The first
consolidation cycle consisted of clofarabine (40 mg/m2, days 1-5)
and cyclophosphamide (400 mg/m2, days 1-5); the second consol-
idation cycle consisted of 3 days of the same combination; dasa-
tinib was interrupted during the 5 and 3 days of chemotherapy
consolidation to avoid excessive toxicity and was restarted as soon
as possible, at hematologic recovery. Upon consolidation, patients
received dasatinib, until intolerance or relapse. Figure 1 summa-
rizes the treatment scheme and patients’ disposition.

CNS prophylaxis is detailed in the Online Supplementary
Materials and Methods.

The primary endpoint of the study was to evaluate the rate of
patients alive in CHR.

The study was approved by the Ethics Committees of all partic-
ipating centers; patients gave their written informed consent in
accordance with the Declaration of Helsinki.

Hematologic response assessment
CHR was defined as bone marrow (BM) containing less than

5% blasts, absence of blasts in the peripheral blood (PB) and no
extramedullary involvement. Hematologic relapse was defined as
the re-appearance of blasts in the BM and/or in extramedullary
sites.

Molecular diagnosis, definition of molecular response
and MRD monitoring

Molecular analyses were centrally performed at the Hematology
Center of the Sapienza University of Rome. Molecular testing was
carried out to identify the presence of BCR-ABL1 gene in BM sam-
ples at baseline and for MRD monitoring. MRD monitoring was
performed by quantitative real-time polymerase chain reacxtion21,22

during induction at days +22, +45, +57 and +85 (end of induction)
and at fixed time points according to the post-induction therapy
(Online Supplementary Materials and Methods). CMR was defined as
a BCR-ABL1/ABL1=0, with a confirmatory molecular BM aspirate
after 15 days. Molecular relapse was defined as an at least 2-log
increase of the BCR-ABL1/ABL1 gene expression confirmed in an
additional control, which was solicited as soon as a molecular
increase was documented.
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Mutational screening was performed in relapsed cases depend-
ing on material availability by Sanger sequencing (Online
Supplementary Materials and Methods).

Copy number aberrations analysis was performed on diagnostic
samples by Cytoscan arrays, as previously described.23

Statistical analysis
Survival was estimated using the Kaplan-Meier Product Limit.

Differences in OS and DFS were evaluated by means of the Log-
Rank test in univariate analysis and by the Cox regression model
in multivariate analysis, after assessment of proportionality of haz-
ards. The role of allo-SCT on DFS was evaluated in the Cox regres-
sion model by means of a time-dependent covariate. All analyses
were performed using the SAS system software (version 9.4). All
tests were two-sided, accepting P≤0.05 as statistically significant.
Study data were collected and managed using REDCap24,25 elec-
tronic data capture tools hosted at the GIMEMA Foundation.

Results

Patients
From July 2011 to October 2013, 60 patients with de novo

Ph+ ALL were enrolled in the GIMEMA LAL1509 trial.
Thirty-four patients were males and 26 females. Median
age at presentation was 41.9 years (range, 18.7-59.1). The
median white blood cell count (WBC) at diagnosis was
12.4x109/L (range, 1.4-178). A BCR-ABL1 p190 fusion tran-
script was detected in 33 patients (55%), a BCR-ABL1 p210
fusion transcript in 18 (30%), while 9 patients (15%) were
positive for both transcripts; p210 and p190/p210 were
grouped together for all statistical analyses. The median fol-
low-up was 57.4 months (range, 4.2-75.6) (Table 1).

Hematologic response during and after induction
After the steroid pre-phase, 38 of 60 patients (63%)

showed a PB blast reduction of ≥75%. All patients achieved
CHR by day +57, 51 patients (85%) by day +22. By the end
of the induction (day +85), all 60 patients were evaluable for
response: 58 patients (97%) were in CHR, while two
patients showed a disease progression between day +57
and day +85, both of these were p210-positive.

Minimal residual disease monitoring during and at the
end of induction

Molecular analysis showed that transcript levels rapidly
and constantly decreased during the induction phase. The
rate of transcript reduction was highly significant
(P<0.0001) between the onset of the disease and day +22,
between days +22 and +45, and between days +57 and
+85. Importantly, a significantly greater clearance was
observed in BCR-ABL1 p190 (n=33) versus p190/210 and
p210 (n=27) cases at every time point of MRD evaluation
(P=0.0032, P=0.0031, P=0.0016, P=0.007 at days +22, +45,
+57 and +85, respectively) (Figure 2A). 

At the end of the induction, CMR was obtained in 11
patients (18.3%). In these patients, the rate of BCR-ABL1
transcript clearance was significantly higher at every point
of MRD evaluation since day +22 (Figure 2B).

Post-remission treatment and response
Figure 1 summarizes the patients’ disposition. Of the 11

patients who were in CMR at the end of induction, seven
continued with dasatinib: four remain in CHR and CMR
after 64, 54, 55 and 53 months (one patient was allografted

after 6 months of dasatinib administration), one experi-
enced a hematologic relapse, one experienced a molecular
recurrence and one patient died of transplant-related com-
plications, performed after 6 months of dasatinib mainte-
nance while in CHR and CMR. The remaining four patients
stopped dasatinib maintenance: two due to a molecular
relapse (BCR-ABL1 T315I mutation was detected in one)
and were both allografted, and one patients for a protocol
violation due to a medical decision (i.e., transplant alloca-
tion within 6 months); all three patients are in CHR after 57,
58 and 60 months. Finally, one patient went off-study for
non-compliance.

The 47 patients who were in CHR but not in CMR at the
end of induction were evaluated for allo-SCT eligibility.
According to protocol guidelines, 25 of 47 patients were
considered eligible for the procedure. Seventeen patients
were transplanted, 11 after a consolidation cycle with clo-
farabine plus cyclophosphamide and of these, six patients
obtained CMR. Eight patients did not undergo an allo-SCT
due to: i) one case of patient’s refusal, ii) a documented
hematologic or extramedullary relapse in four cases, iii) an
unforeseen unavailability of the donor in one case and iv) a
medical decision in two cases (one major protocol viola-
tion). The remaining 22 of 47 patients were considered inel-
igible for transplant: 20 patients underwent at least one
cycle of clofarabine-cyclophosphamide and 13 received
both cycles, with six patients obtaining CMR, while two
patients went off protocol prior to consolidation treatment
due to a major violation. After the second cycle of clofara-
bine-cyclophosphamide, 11 of 13 patients started mainte-
nance with dasatinib. Five patients, initially deemed ineligi-
ble for transplant, could undergo the procedure after one
cycle of consolidation chemotherapy: in two cases for a
medical decision, in one case because of the presence of the
BCR-ABL1 T315I mutation and in two cases for dasatinib
interruption (hematologic toxicity in one and patient’s deci-
sion in the other). Overall, 22 patients underwent an allo-
SCT and after the procedure 12 patients restarted dasatinib
as maintenance treatment. After allo-SCT, five patients
were persistently MRD-positive and two of them went off
treatment due to the emergence of the BCR-ABL1 T315I
mutation and for a medical decision, respectively, whereas
the others restarted treatment with dasatinib. Thirteen
patients were MRD-negative after the transplant and in
nine patients dasatinib was restarted: i) in three patients
dasatinib was administered for the planned 6 months; ii) in
one patient for 5 months; iii) in one patient for 3 months; iv)
in two patients for 2 and 1 months each. 
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Table 1. Patients’ characteristics
Patients’ characteristics                                              N=60

Median age at diagnosis (range)                            41.9 years (18.7-59.1)
Sex 

M                                                                                          34 (56.6%)
F                                                                                           26 (43.3%)

Median WBC count at diagnosis (range)               12.4x109/L (1.4-178)
Type of fusion transcript 

p190                                                                                       33 (55%)
p210*                                                                                    18 (30%)
p190/p210*                                                                            9 (16%)

Median FU (range)                                                   57.4 months (4.2-75.6)
*Considered together for subsequent analyses: M: male; F: female; WBC: white blood
cell count;  FU: follow-up.



Relapse and cumulative incidence of relapse 
Seventeen relapses occurred at a median time of 7

months from the end of induction (range, 3-40.1), of which
two were extramedullary (one CNS and one psoas muscle):
13 patients relapsed during consolidation and four patients
relapsed after allo-SCT.

At a median follow up of 57.4 months, the cumulative
incidence of hematologic relapse (CIR) was 29.8% (95%
Confidence Interval [CI]: 18.4-42.1) (Figure 3). The CIR,
stratified according to the molecular response at day +85,
was 10% in CMR patients as opposed to 35.6% in non-
CMR patients; this difference did not reach statistical signif-
icance, probably due to the small number of relapses.

Toxicity and deaths 
Overall, 188 adverse events (AE) (grade >2) were record-

ed in 41 patients (Online Supplementary Table S1), the most
frequent were hematologic (124 of 177, 66%), gastrointesti-
nal (12 of 188, 6%) and infectious (12 of 188, 6%). As
expected, hematologic toxicity was mainly recorded during
induction and was most likely sustained by the disease
itself. The most frequent AE reported with dasatinib was
one registered case of pleural effusion and one registered
case of peripheral edema, while no cases of pulmonary
hypertension were recorded.

Eighteen severe adverse events (SAE) were recorded in
ten patients (Table 2), and six SAE were due to treatment:

infections and gastrointestinal disorders were the most fre-
quent (27% and 22%, respectively).

While no deaths occurred during the induction phase, 24
deaths were recorded in the post-induction phase: 12 for dis-
ease progression, 11 in CHR for toxicity and one for both.
Causes of death in CHR patients were represented by sepsis
in four patients, multi-organ failure (kidney and lung) in two
patients and transplant-related mortality in five patients (one
for graft versus host disease, two for viral pneumonitis, two
for an encephalitis and two for hemolytic anemia).

BCR-ABL1 mutations and copy number evolution analysis
BCR-ABL1 mutational screening was performed in cases

with biological material available at either MRD increase or
overt hematologic relapse. A total of 13 cases were screened
(ten with a hematologic relapse and three with MRD
increase) and the following BCR-ABL1 mutations were
detected in ten cases: five cases of T315I, three cases of
V299L (one of which with concomitant F317I and F317L
mutations), one case of E281K and one case of G254E. No
difference in the incidence of BCR-ABL1 mutations was
found between p190+ and p210+ patients. Notably, in the
three cases with a MRD increase a mutation was detected
(E281K, T315I and V299L), but it did not translate into a
subsequent hematologic relapse. A total of nine mutated
cases were retrospectively evaluated on the diagnostic
material and no mutations were detected.
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Figure 2. Minimal residual disease clearance. Patients were stratified according to fusion protein (A) and molecular status at the end of induction (B). CMR: complete
molecular response; d= day.



Single nucleotide polymorphism array analysis was car-
ried out at presentation in 39 cases; the most frequent aber-
rations were deletions of IKZF1 (84.6%), PAX5 (38.5%),
CDKN2A/B (33.3%), MLLT3 (33.3%), JAK2 (28.2%) and
RB1 (28.2%). Furthermore, in a small fraction of patients
(four of 37; 10.8%) a deletion involving MEF2C was identi-
fied.

Disease-free survival and overall survival
At a median follow up of 57.4 months, the DFS was

47.2% (95% CI: 35.6.0-72.6) (Figure 4A), with a median DFS
of 30.4 months, and the OS was 56.3% (95% CI: 44.5-71.3),
with a median OS not reached (Figure 4B). A better, though
not significant, DFS was observed in patients who obtained
a CMR at day +85, compared to cases with a MRD positiv-
ity (70% vs. 42%, P=0.08) (Figure 5A). The observed DFS
prolongation in CMR patients did not translate into a statis-
tically significant advantage in OS, even though better sur-
vival was observed (70% vs. 52.9%, P=0.27) (Figure 5B).
This is probably related to the number of patients and
because of the efficacy of consolidation treatments in induc-
ing MRD negativity. DFS was also evaluated on the basis of
the fusion protein and the presence of additional copy num-
ber evolution (CNA). There were no significant differences
in DFS between BCR-ABL1 p190+ patients compared to
p210+ and/or p190/p210+ cases (49.7% vs. 41.7%, P=0.4).
Likewise, OS was superimposable among the two subsets
(56% vs. 44.2%, P=0.9, not shown).

At variance, the presence of additional CNA cases with
the co-occurrence of IKZF1 plus CDKN2A/B and/or PAX5
(IKZF1 plus) at presentation had a strong impact on DFS and
OS had a significantly worse DFS and OS than cases with no
alterations and/or with IKZF1 deletions only: 0% versus
60% (P=0.0008) and 20% versus 69.5% (P=0.0068) at 60
months (Figure 6). Importantly, the presence of IKZF1 dele-
tions alone did not affect DFS. Unfortunately, as also report-
ed by Pfeifer and colleagues,26 the negative prognostic
impact was also not abrogated when adjusted by transplant

allocation. In addition, patients with IKZF1 plus CDKN2A/B
or PAX5 deletions showed a significantly increased CIR
(P=0.0031) i.e., all patients harboring these alterations
relapsed within 24 months from induction therapy. Patients
carrying a MEF2C deletion appeared to have a better DFS as
opposed to patients without it (80% vs. 39.6%, P=0.12).23

Finally, allo-SCT, evaluated in a Cox model by a time-depen-
dent covariate, did not impact on OS and DFS survival.

Univariate and multivariate survival analyses
Several factors (age, sex, WBC count, type of fusion pro-

tein, additional genetic lesions, etc.) were investigated in
univariate analysis to establish their impact on DFS:
patients who achieved a CMR after induction, showed a
better, though non-significant, DFS, also in multivariate
analysis (P=0.07). The co-occurrence of IKZF1 deletions
plus CDKN2A/B or PAX5 deletions was the only significant
factor associated with a worse DFS (P=0.0008) in our cohort
of patients. Along the same line, IKZF1 deletions plus
CDKN2A/B or PAX5 were the only significant factors
impacting on OS in both univariate (P=0.01) and multivari-
ate analysis (P=0.005).
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Figure 3. Cumulative incidence of relapse. CI: Confidence Interval; CHR: complete hematologic remission; yrs: years.

Table 2. Number and types of serious adverse events occurred during
the protocol.
Serious adverse events                   Total number         Events related
                                                      of events (N=8)      to dasatinib or 
                                                                                       chemotherapy

Gastrointestinal system                                   4                                    2
Nervous system                                                  2                                    1
Serous effusions                                                2                                    2
Infectious diseases                                           5                                    0
Cardiologic toxicity                                            1                                    0
General disorders                                             3                                    1
Graft versus host disease                                 1                                    0



Discussion

We herein reported the final results of the GIMEMA
LAL1509 trial for adult Ph+ ALL patients. This protocol
was based on a total therapy strategy that comprised a
chemotherapy-free induction based on dasatinib, plus
steroids and CNS prophylaxis, followed by a post-remis-
sion treatment tailored according the molecular response.
Patients in sustained CMR continued with dasatinib,
while patients in CHR who did not achieve CMR under-
went chemotherapy consolidation with clofarabine-
cyclophosphamide plus an allo-SCT for eligible patients.
The protocol was designed to evaluate the efficacy of a
post-induction treatment modulated on the basis of the
depth of molecular response and represents, so far, the
first protocol to investigate the possibility of chemother-
apy-free consolidation in adult patients (18-60 years) in
CMR.

This study confirms the effectiveness of chemothera-
py-free induction with dasatinib plus steroids in Ph+ ALL
adult patients in inducing a rapid clearance of a neoplastic
clone16 and also confirms that this strategy is less toxic
than combinational strategies,19,27-30 since no deaths during

induction were recorded, as already reported in previous
GIMEMA trials for Ph+ ALL.7,16,17

Of the 60 eligible patients, 97% reached CHR at the end
of the induction with two patients in CHR at day +57, both
harboring the p210 fusion protein, who relapsed between
day +57 and +85 of the induction phase. At the end of the
induction (day +85), CMR - confirmed by a second BM
aspirate after 15 days - was achieved in 11 cases (18.3%).
Seven of these 11 patients continued treatment with dasa-
tinib: four patients are still alive and disease-free (one under-
went allo-SCT while in CMR), one patient underwent allo-
SCT and died of transplant-related complications, one
patient experienced a hematologic relapse and one patient
suffered molecular recurrence; the latter two cases both had
an IKZF1-plus phenotype. The remaining four CMR
patients were rapidly switched to different therapeutic
options, two due to a molecular increase and two due to
protocol violations (i.e., transplant allocation and non-com-
pliance). With regards to the two cases with molecular
recurrence, a strict MRD monitoring prevented an overt
hematologic relapse (resulting in a benefit for patients) and
may thus represent a bias of the study; nevertheless, it fur-
ther highlights the importance of molecular monitoring,
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A

B

Figure 4. Survival estimates.
(A) Disease-free survival (DFS)
and (B) overall survival (OS).
CI: Confidence Interval; CHR:
complete hematologic remis-
sion; yrs: years.



mostly in an era in which a plethora of novel compounds
are available.

Even if the numbers are small and protocol violations rep-
resent a major limit, the DFS of the few cases in persistent
CHR and CMR seems to be better than that of patients
who did not achieve  CMR. This suggest that some
patients, regardless of their age, may be spared systemic
chemotherapy and transplant procedure. However, the
applicability of this strategy must be carefully evaluated
and possibly refined by additional genetic information.
Indeed, this chemo/transplant-sparing strategy is addressed
in an ancillary study (clinicaltrials gov. Identifier:
NCT03318770) to our recently published paper on adult
Ph+ ALL patients of all ages treated in induction with dasa-
tinib and consolidated with the bispecific monoclonal anti-
body blinatumomab.31

Regarding patients in CHR who did not achieve CMR, 35
received chemotherapy consolidation with clofarabine-
cyclophosphamide: overall, this treatment was capable of

inducing CMR in 12 cases (34.3%), thus indicating its effec-
tiveness and in some cases a valuable bridge to transplant.
Furthermore, this strategy was safe, since only 18 SAE were
recorded in ten patients. Similarly, allo-SCT proved effec-
tive in inducing MRD negativity in 32% of the patients.

Seventeen hematologic relapses (comprising two
extramedullary) and 11 deaths in CHR were recorded. We
observed a 5-year DFS of 47.2% and a 5-year OS 56.3%,
making the outcome of Ph+ ALL patients almost compara-
ble to that of Ph- ALL cases. These results represent a slight
improvement compared to our previous trial - GIMEMA
LAL090417 - based on a chemotherapy-free imatinib admin-
istration in induction, followed by consolidation and allo-
SCT, in which the 5-year DFS and OS were 45.8% and
48.8%, respectively. The finding that DFS was not signifi-
cantly superior might be related to the well-established fact
that dasatinib, even though more effective in rapidly eradi-
cating a leukemic clone, is not capable of overcoming the
occurrence of TKI-resistant mutations, particularly the
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Figure 5. Survival stratified according
to molecular response at the end of
induction. (A) Disease-free survival
(DFS) and (B) overall survival (OS). CI:
Confidence Interval; CHR: complete
hematologic remission; yrs: years.
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T315I mutation. Although mutations were not systemati-
cally screened in this trial, ten patients in hematologic
relapse were evaluated and seven indeed harbored a muta-
tion, with T315I being the most frequent (n=4). These
results are in line with our previous experience16 and with
Rousselot and colleagues who reported a high incidence of
T315I mutations (18 of 24 relapsing patients, 75%).32

Importantly, three cases were screened and proved positive
for ABL1 mutations at MRD increase and none of them
relapsed, thus corroborating the notion that an earlier detec-
tion can better drive therapeutic decisions. A 7.5% increase
in OS was observed in the current study compared to the
results of the LAL0904 protocol, from 48.8% to 56.3%.

Our results compare favorably also with other studies
based on a combination of dasatinib plus chemotherapy,
which were also aggravated by toxicities and treatment dis-
continuations.27,32 The European Working Group on Adult
ALL used dasatinib in combination with low-dose
chemotherapy in elderly patients with Ph+ ALL: 61 patients

were enrolled (median age 69 years), 96% of patients
achieved CR after induction, but three patients died.
Overall, the 5-year OS was 36%, suggesting that a propor-
tion of patients may experience long-term survival without
intensive therapies.32 Ravandi et al.27 published the final
results of their phase II study with dasatinib plus
HyperCVAD in 72 adult Ph+ ALL patients: they reported
CHR of 96% with 83% of complete cytogenetic responses
after induction with three early deaths. Overall, the 5-years
DFS and OS were 44% and 46%, respectively. The US
Intergroup reported the results of a multicenter trial for Ph+
ALL patients aged 18-60 years treated with dasatinib plus
HyperCVAD and allo-SCT for eligible patients.33 The over-
all complete remission/complete remission with incom-
plete hematologic recovery (CR-CRi) rate was 88% and the
3-year OS and DFS were 69% and 62%, respectively. The
shorter follow-up does not allow a direct comparison with
our study. In addition, a sizable proportion of patients
(n=34) had received one course of therapy prior to enroll-
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Figure 6. Impact of genetic lesions on
survival. (A) Disease-free survival
(DFS) and (B) overall survival (OS) of
IKZF1 deletion with or without other
abnormalities. CI: Confidence
Interval; CHR: complete hematologic
remission; yrs: years.
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ment in the study, including 16 who had already achieved
a CR or CRi.

In the pre-TKI era, allo-SCT in first remission was con-
sidered the standard of care for all eligible patients. After
the introduction of TKI, the use of allo-SCT in first CHR
has been questioned.19,34-38 Although our study was not
powered to define its role, allo-SCT did not seem to have
an impact on survival. This might be due to the small sam-
ple size of patients who performed the procedure and
may also be influenced by protocol violations, which rep-
resent a major limit of the study: indeed, five patients in
CMR after dasatinib induction underwent allo-SCT.
Finally, allo-SCT was aggravated by mortality in five
patients. In the report by Ravandi et al.27 only a small pro-
portion of patients underwent allo-SCT in first remission
without any improvement in survival. A recent report
from Chang and colleagues36 also reported no benefit in
OS and DFS at 3 years between transplanted and non-
transplanted patients in a retrospective study (76% vs.
71.3%, P=0.56; 70.5% vs. 80.1%, P=0.94, respectively) in
Ph+ ALL patients treated with dasatinib plus chemothera-
py followed or not by allo-SCT. In contrast, in the report
by the US Intergroup study, the landmark analysis at 175
days showed a significant advantage in both OS and
relapse-free survival (P=0.038 and P=0.0037, respectively)
in transplanted patients.33 In our cohort of transplanted
patients, for patients relapsed after allo-SCT, all of them
were MRD-positive before the procedure. This finding is
in line with a recent publication by Candoni and col-
leagues in which the 5-year CIR was higher in Ph+ ALL
patients that were MRD+ prior to the allograft.37

With regard to the specific biologic features investigated,
we observed, during induction, a significantly better clear-
ance of the BCR-ABL1 transcript in p190 patients as
opposed to p210 patients; interestingly, this, however, did
not translate into an improved DFS and OS, thus suggesting
that the kinetics of MRD clearance is different between the
p190 and p210 cases. Further investigations are ongoing on
this specific issue. Similarly, DFS was not statically better
for patients achieving CMR after induction, mostly because
of the small sample size and also indicating that patients
who failed to achieve CMR can be rescued by an effective
post-induction treatment.

At variance, patients with IKZF1 deletions plus
CDKN2A/B and/or PAX5 deletions had a significantly
worse DFS and OS, all relapsing within 24 months: this
finding held true also in cases that achieved  CMR. Also, the
IKZF1-plus signature was the only prognostic factor to have
an impact on DFS and OS in both univariate and multivari-
ate analyses. Therefore, screening for these genetic lesions

should be performed in all Ph+ ALL patients at the time of
diagnosis for a more refined prognostic stratification, and to
further optimize treatment.23,26,31

Taken together, the results of this study document that
durable remissions and long-term survival can be achieved
with a total therapy strategy based on a chemotherapy-free
induction, with an OS rate of 56.3% at a median follow-up
of 57.4 months. Even in the TKI era, allo-SCT still remains
an effective treatment for eligible adult patients; further
efforts need to be made to identify which patients may be
spared the procedure and its related toxicity, through the
design of trials with a larger sample size that allow patients’
stratification according to their molecular features. Whether
the use of more powerful BCR-ABL1 inhibitors such as
ponatinib, may improve OS in Ph+ ALL remains to be deter-
mined.38,39 The cardiovascular toxicity of ponatinib may
counteract the potential benefit of this drug in patients with
serious comorbidities. Finally, the upfront integration of TKI
with immunoconjugates or BiTE antibodies - such as blina-
tumomab - appears capable of inducing a high percentage of
molecular response in adult Ph+ ALL patients and could
eventually lead to higher rates of long-term responses.31
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