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ABSTRACT

Allogeneic stem cell transplantation is the standard approach to Philadelphia chromosome positive acute lym-
phoblastic leukemia. We hypothesized that imatinib plus sequential chemotherapy will result in significant leukemia
cell cytoreduction in patients with Philadelphia chromosome positive acute lymphoblastic leukemia, allowing collec-
tion of normal hematopoietic stem cells uncontaminated by residual BCR/ABL1* lymphoblasts and thus reduce the
likelihood of relapse after autologous stem cell transplantation for patients under 60 years of age without sibling
donors. We enrolled 58 patients; 19 underwent autologous and 15 underwent allogeneic stem cell transplantation on
study. Imatinib plus sequential chemotherapy resulted in reverse-transcriptase polymerase chain reaction-negative
stem cells in 9 patients and remained minimally positive in 4 (6 were not evaluable). Overall survival (median 6.0
years vs. not reached) and disease-free survival (median 3.5 vs. 4.1 years) were similar between those who underwent
autologous and those who underwent allogeneic stem cell transplantation. We conclude that autologous stem cell
transplantation represents a safe and effective alternative for allogeneic stem cell transplantation in Philadelphia chro-
mosome positive acute lymphoblastic leukemia patients without sibling donors (clinicaltrials.gov identifier:00039377).

Introduction

Imatinib mesylate has significantly improved the response
rate, and disease-free and overall survival (OS) for patients
with Philadelphia chromosome-positive (Ph; BCR/ABL1")
acute lymphoblastic leukemia (ALL). Three studies have
demonstrated a clear survival benefit for post-induction allo-
geneic (allo)-stem cell transplantation (SCT) over chemothera-
py alone with imatinib.' The optimal treatment for patients
who are not eligible for HLA-matched allo-SCT, however,
remains controversial. In the Cancer and Leukemia Group B
(CALGB) study 10001, patients under 60 years of age with
matched sibling donors proceeded to an allo-SCT and those
without matched sibling donors were offered autologous
(auto)-SCT to test the hypothesis that imatinib and sequential
chemotherapy will result in significant leukemia cell cytore-
duction allowing collection of large numbers of normal
hematopoietic stem cells uncontaminated by residual
BCR/ABL1" lymphoblasts and thus reduce the likelihood of
relapse after auto-SCT using an intensive preparative regimen.

Methods

Patients

Patients were eligible if they were 15 years of age or over and under
60 years of age, had an unequivocal diagnosis of t(9;22) or BCR/ABL1*
ALL, had achieved either partial or complete remission (CR) following

one course of induction chemotherapy with a 4- or 5-drug regimen,
and had received imatinib for no more than six weeks before study
enrollment (Online Supplementary Tables S1 and S2). All patients pro-
vided written informed consent. The study received Institutional
Review Board approval from each participating institution. Between
April 15* 2002 and April 30" 2010, 58 patients were enrolled; one was
ineligible. Twenty-two patients were taken off study for alternative
donor transplants or other reasons (see CONSORT diagram in the
Online Supplementary Appendix). One patient was treated and followed
without a transplant. The median OS of these 23 patients was 1.9
years. Disease-free survival (DFS) and OS of the whole cohort are
shown in the Online Supplementary Figure S1A and B. The following
analysis compares the outcomes of the 34 patients who underwent
allo- (n=15) or auto- (n=19) SCT on this study.

Treatment protocol
Details of the treatment protocol are available in the Ounline
Supplementary Appendix.

Karyotype
The diagnosis of Ph* ALL was based on the analysis of 20 or more
metaphases in bone marrow specimens and confirmed by central

karyotype review.”

Real-time polymerase chain reaction and mutation analysis
Real-time polymerase chain reaction (RT-PCR) was performed in
a central CALGB laboratory as previously described.® Sequencing
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* for ABL1 kinase domain mutation analyses was performed as  Table 1. Patients’ characteristics and outcome by transplant type
previously described’ with the following forward primer being Characteristic Allo-SCT Auto-SCT Total
used to amplify the p190 BCR/ABL{ transcript: 5'- (n=15) (n=19) (n=34)
ACCATCGTGGGCGTCCGCAAGA-3'.

Age, years
Previously established criteria were used for definitions of 30-39 2 (13%) 3 (16%) > (13%)
. . . 40-49 8 (53%) 5 (26%) 13 (38%)
hematologic CR, partial response (PR), OS and disease-free sur- 50-59 3 (20%) 9 (47%) 12 (35%)
vival (DFS).” Complete response was defined as recovery of mor- Median (min, max) 13 (2654) 49 (2457) 45 (24,57)

phologically normal bone marrow and blood counts (i.e. neu-
trophils =1.5x10°/L and platelets >100x10°/L), and no circulating G]\?ln?er 7 (48%) 9 (4T%) 16 (47%)
leukemic blasts or evidence of extramedullary leukemia, and per- 2l 9 g g
sisting for at least one month. PR required all of the CR criteria Female 8 (53%) 10 53%) 18 (53%)

except that the marrow may still contain 5-25% blasts. Disease- ~ Race

free survival was measured from the date of CR until the date of White . . 13 (87%) 10 (53%) 23 (68%)
relapse or death; patients alive and in CR were censored at last fol- El?;ll: or African American 1 (g%) 3 gizﬁ‘% i 8?3;0%
low up. Overall survival was measured from the date of study . . . 0 0
entry until the date of death, and patients alive at last follow up /l\\/lmerlc;:n Indian or Alaska Native 1 gly ! ((5)%) % (ggjo)
were censored. Cumulative incidence of relapse was calculated Or‘e't an one race (™) (3%)
from date of documented CR to ALL relapse (bone marrow or Eﬂ}mﬂt}_’ .
extramedullary) or death. Patients without relapse were uninfor- Egﬁﬂ?pg;il;atmo 1(1) g;/g)) 1(15 gz/g)) 2% gg;@)
matively censored, whereas those who experienced treatment- - g 4 g
related mortality were counted as a competirrig cause of failure.”” Liirn 4 (27H) 2(11%) 6 (18%)
Major molecular response (MMR) and complete molecular ~ ECOG performance status*
response (CMR) were defined as previously described.’ 0 9 (60%) 4 (21%) 13 (38%)
1 3 (20%) 14 (74%) 17 (50%)
Statistical methods 2 3 (20%) 1G%) 4 (12%)
The study was designed to test the hypothesis that the median ~ Induction included imatinib*
DEFS for Ph* ALL would exceed one year’ and to compare out- No 8 (53%) 7 (37%) 15 (44%)
comes following auto-SCT and allo-SCT. The planned sample size Yes 7 (41%) 12 (63%) 19 (56%)
was 60 patients. Given the total sample size of 34, the power to ~ WBC x10/uL)
reject the hypothesis was 0.73. The type II error was 1-0.73=0.27. Median (min, max) 6.9 (2.0,273.9) 5.5 (2.0,178.6) 5.6 (2.0,273.9)
The Kaplan-Meier estimator and the log rank test were used for  Karyotype®
survival analyses. The inferential results are two-sided and have £(9;22) 2 (22%) 2 (20%) 4 (21%)
not been adjusted to account for multiple testing. All analyses t(9;22) + additional aberrations 7 (78%) 8 (80%) 15 (79%)
were performed by the Alliance for Clinical Trials in Oncology  Trangcriptt
Statistics and Data Center. el/a2 8 (53%) 10 (53%) 18 (53%)
el/al 0 1 (5%) 1 (3%)
el/a/el3/a2 2 (13%) 3 (16%) 5 (15%)
Results el/al/el4/al 0 1 (5%) 1 (3%)
eld/a2 1 (7%) 0 1 (3%)
Characteristics of the whole cohort by transplant type eld/a2 2 (13%) 2 (11%) 4 (12%)
are described in Table 1 and adverse events are described ~ unknown 2(13%) 2 (11%) 4(12%)
in Online Supplementary Table S3. The cohorts differed by  Base-line response
their Eastern Cooperative Oncology Group performance PR 1 (7%) 1 (5%) 2 (6%)
status (P=0.0075) at study entry and time to transplant CR 14 (93%) 18 (95%) 32 (94%)
(P<0.0001) (Table 1) but not in their induction treatments  Median time to SCT**
(Online Supplementary Table S1). Stem cell mobilization (months; range) 36(33-45) 56(5.0-80) 52(33-80)

was successful in all 19 patients; the median autologous  ragian time to post-SCT ANC 73013920 11(10.79) 93 (1178
CD34" cell yield by leukapheresis was 70.2 (range 4.3- co?mlsrrle(l:?vzr)?i?lo;lonths (95% C.1) 33,220 1101079 23(L178)

) .
?ﬁif)l’g ;géiikfigpﬁ%ﬁikﬂo@iﬁtﬁefi}ii:fgeo?sf%%‘% Median time to postSCT platelet 58 (13,221) 29 (11,361) 44(12,79)
106; 9 (64%) had no detectable BCR-ABL1 (CMR); 4 had ~ count recovery inmonths (35% CI)

minimally detectable BCR-ABL1 (MMR); 6 were not S-year overall survival 53% o1% 51%
evaluable due to poor stem cell collection or because data from diagnosis (35% CI) (2ot (279 S N B T2
concerning the initial transcript was not available. The RT-  5-year disease-free survival from 46% 4% 46%
PCR status of the stem cell products had no effect on OS  diagnosis (95% CI) (26%,80%)  (29%,76%)  (31%, 67%)
or DES after auto-SCT (Figure 1A and B) although this *ECOG performance status was significantly higher at study entry in patients undergoing auto-
may be related to the small number of cases. SCT (P=0.0075). 'See Online Supplementary Tables S2 for the effect of imatinib on outcome.

_ : RM: . ‘Complete pre-treatment karyotype data are available for 9 allo-SCT and 10 auto-SCT patients.
Treatment-related mortahty (T 7 defined here as $Transcript data are available for 13 allo-SCT and 17 auto-SCT patients. 'Response from induction

death before Day 100) aSSOCiated Wlth auto-SCT occurred therapy at time of enrollment onto the current protocol. * *Median time to SCT was calculated from
in one (5%) of 19 patients7 while TRM associated with  study enroliment; time to SCT was longer in those undergoing auto-SCT (P<0.0001). ANC:

allo-SCT occurred in 3 (2 0 %) of 15 p atients. There was no absolute neutf'ophlll count; gll&SC T: allogeneic stem Cgl[ltransp[anl; auto-SCT: aulo[ogQus stem cell
transplant; CI: confidence interval; CR: complete remission; ECOG: Eastern Cooperative Oncology

StatiSti‘C.aI difference 11’1 TRM between the two SCT Group; PR: partial remission; SCT: stem cell transplant; WBC: white blood cell.
modalities (P=0.3); again, this may be due to the small
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numbers in this study. The TRM following allo-SCT is
within the range of TRM reported by other groups in this
patient population undergoing a myeloablative preparato-
ry regimen.'*"

A total of 8 patients (3 post auto-SCT and 5 post allo-
SCT) converted from MMR to CMR after SCT. The effect
of minimal residual disease (MRD) on outcome following
auto-SCT was studied. DFS and OS of patients who
achieved at least an MMR (n=8) at Day +120 (only one
achieved a CMR) was longer than those for patients who
did not achieve an MMR at that time point (P=0.09 and
P=0.026, respectively) (Figure 2A and B). As far as allo-
SCT is concerned, 7 of 10 patients who survived 120 days
had CMR; 2 additional patients achieved MMR and one
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patient had residual MRD over 0.001. However, the sam-
ple size was too small to analyze the effect of MRD on
outcome. Overall, these data suggest that patients who
have MRD at levels lower than or equal to MMR follow-
ing auto-SCT have prolonged survival. This may result
from additional exposure to imatinib maintenance follow-
ing auto-SCT.

Seven (47 %) of the allo-SCT patients remain alive in CR
and 8 (42%) of the auto-SCT patients remain alive in CR
(see. CONSORT Diagram in the Online Supplementary
Appendix). The median survival of the living patients was
4.8 years. Ten of the transplanted patients have relapsed (8
following auto-SCT and 2 following allo-SCT). Relapses
occurred at a median of 5.9 months following auto-SCT."*
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Figure 1. Disease-free (A) and overall survival (B) stratified by BCR-ABL status of the peripheral blood stem cell collection measured by Q-RT-
PCR. CMR: complete molecular response; DFS: disease-free survival; MMR: major molecular response.
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Figure 2. Disease-free (A) and overall (B) survival, stratified by minimal residual disease (MRD) at Day +120 following autologous stem cell
transplant (SCT); MRD <0.001 (major molecular response) versus >0.001 (lack of major molecular response).
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There was no statistical difference in relapse rates
between the two SCT modalities (P=0.1285). An ABL1
kinase mutation was detected in 7 (70%) of the 10 patients
on whom samples were available at relapse (Online
Supplementary Table S4).

Discussion

Our results with Ph* ALL demonstrate similar outcomes
for auto-SCT and allo-SCT (Figure 3A-C). The difference
between our results and those of Goldstone et al."* likely
stem from the ability of imatinib to purge the marrow
prior to stem cell collection, the intensity of the prepara-
tive regimen, and the ability to apply maintenance TKI
therapy following auto-SCT. Our results are supported by
several other publications’” demonstrating success of
auto-SCT in Ph* ALL. The availability of more potent
ABL1 kinase inhibitors offers the potential for even better
outcomes. Interestingly, the LAL 1205 trial evaluated dasa-
tinib combined with steroids for induction.” That study
demonstrated an OS of 69% and DFS of 51% at 20
months, although 32 of the 53 (60%) patients underwent
allo-SCT, auto-SCT or additional chemotherapy in first
CR, suggesting that dasatinib and steroids alone may not
be sufficient to achieve long-term DES. This is further
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Figure 3. Disease-free (A), overall survival (B) and
cumulative incidence of failure (CIF) (C) stratified by
transplant type; autologous (auto) stem cell trans-
plant (SCT) versus allogeneic (allo) SCT.

supported by the results from the recent publication of the
trial combining dasatinib and hyper-CVAD; there was no
plateau in the survival curve possibly because only a few
patients underwent SCT.” The use of dasatinib for remis-
sion induction followed by allo-SCT or auto-SCT in Ph*
ALL is currently being evaluated in the North American
Leukemia Intergroup study CALGB 10701 (Alliance). The
rationale to replace imatinib by dasatinib is based on its
more potent activity, resistance to most mutations, and
activity against Src kinases believed to play a role in Ph*
ALL but not in chronic myeloid leukemia.” In summary,
we demonstrate that auto-SCT represents a safe and effec-
tive alternative for allo-SCT in Ph* ALL patients without
matched donors, although SCT from alternative donors
was not tested in this study.
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