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A B S T R A C T

Allogeneic hematopoietic cell transplantation (alloHCT) is curative for patients with acute lymphoblastic leu-
kemia (ALL) who achieve complete remission (CR1) with chemotherapy. However, the benefit of consolidation
chemotherapy remains uncertain in patients undergoing alloHCT. We compared clinical outcomes of 524 adult
patients with ALL in CR1 who received ≥2 (n = 109), 1 (n = 93), or 0 cycles (n = 322) of consolidation before
myeloablative alloHCT from 2008 to 2012. As expected, time to alloHCT was longer with increasing cycles of
consolidation. Patients receiving ≥2, 1, or 0 cycles of consolidation had an adjusted 3-year cumulative inci-
dence of relapse of 20%, 27%, and 22%; 1-year transplant-related mortality (TRM) of 16%, 18%, and 23%; adjusted
3-year leukemia-free survival (LFS) of 54%, 48%, and 47%; and 3-year overall survival (OS) of 63%, 59%, and
54% (all P values >.40). Multivariable analysis confirmed that consolidation was not prognostic for LFS (rela-
tive risk, 1.20, 95% confidence interval, .86 to 1.67; P = .28 for no consolidation; RR, 1.18, 95% confidence interval,
.79 to 1.76; P = .41 for 1 cycle versus ≥2 cycles = reference). Similarly, consolidation was not associated with
OS, relapse, TRM, or graft-versus-host disease. We conclude that consolidation chemotherapy does not appear
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to provide added benefit in adult ALL patients with available donors who undergo myeloablative alloHCT in
CR1.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Allogeneic hematopoietic cell transplantation (alloHCT) is

a potentially curative treatment for adult acute lymphoblas-
tic leukemia (ALL) patients achieving initial complete remission
(CR1) with cytoreductive chemotherapy [1-3]. Although most
adult ALL treatment protocols include post-remission con-
solidation chemotherapy, it remains uncertain whether
consolidation is beneficial in patients with an immediately
available donor who is being considered for a prompt alloHCT.
The MRC UKALL XII/ECOG 2993 trial mandated 2 cycles of in-
duction chemotherapy (phase I and phase II) followed by
intensification with high-dose methotrexate for adult ALL pa-
tients assigned to the alloHCT arm, even when CR1 was
achieved after initial phase 1 induction [1,4]. Similarly, the
GRAALL-2003 and LALA-94 prospective study protocols
allowed alloHCT for high-risk CR1 ALL only after completion
of several cycles of postinduction consolidation chemother-
apy [5,6]. In contrast, other ALL induction protocols allowed
patients with available donors to proceed with alloHCT when-
ever CR1 was achieved [7-9]. Because time from CR to
postremission therapy has been found to be an independent
predictor for relapse and overall survival (OS) in adults with
ALL [10], postremission consolidation chemotherapy is rou-
tinely used in clinical practice while the donor search is in
progress. However, among ALL patients in CR1 with an avail-
able allogeneic donor, the impact of further consolidation
chemotherapy on clinical outcomes after transplantation
remains uncertain. We hypothesized that consolidation che-
motherapy is not associated with a survival benefit among
alloHCT recipients with adult ALL in CR1. Therefore, we sought
to determine the role of pretransplant consolidation chemo-
therapy in adult ALL in CR1 before an early (as soon as CR is
achieved) versus delayed (postconsolidation) alloHCT ther-
apeutic strategy for patients with an available donor.

METHODS
Data Source

The Center of International Blood and Marrow Transplant Research
(CIBMTR) collects detailed data on consecutive alloHCT from a volunteer
network of more than 450 transplant centers worldwide. CIBMTR data are
reported to a centralized statistical center of the research headquarters located
at the Medical College of Wisconsin and the National Marrow Donor Program.
Patients reported to the CIBMTR are longitudinally observed on a yearly basis.
Data quality is ensured via computerized checks for errors and on-site audits.
All observational studies conducted by the CIBMTR are in compliance with
all applicable federal regulations to ensure the protection of all human re-
search subjects. The Institutional Board and the Privacy Officer of the Medical
College of Wisconsin granted a waiver of informed consent for the present
study that is in compliance with Health Insurance Portability and Account-
ability Act regulations.

Patient Selection
We included patients age 16 years and older with ALL in CR1 who re-

ceived their first myeloablative alloHCT from 2008 to 2012. Patients were
excluded if they had French American British (FAB) type L3 ALL (Burkitt’s
leukemia), received transplant from an identical twin or haploidentical related
donor, or were missing their 100-day comprehensive research data collec-
tion form or informed consent form, or those missing pre-HCT treatment
details. Conditioning intensity was defined using CIBMTR’s consensus cri-
teria [11]. In vivo T-cell depletion was defined as use of antithymocyte
globulin or alemtuzumab in conditioning. HLA-matching for unrelated donor
(URD) transplantation was classified using recommended criteria by CIBMTR
[12]. Poor risk cytogenetics was defined as a complex karyotype with ≥3 chro-
mosomal abnormalities, hypodiploid karyotype, or chromosomal

translocations t(9;22), t(4;11), t(8;14), and t(14;18). Other cytogenetic risk
was defined as having normal karyotype or chromosomal abnormalities other
than poor cytogenetics. We defined remission induction chemotherapy cycles
as those intensive chemotherapy cycles administered before achieving CR1.
CR was defined as no morphological evidence of leukemia and <5% of bone
marrow blasts after treatment [13]. We defined consolidation chemother-
apy cycles as those intensive chemotherapy cycles administered after CR1,
but before alloHCT. Intensive chemotherapy consisted of multiagent
cytoreductive chemotherapy regimens administrated such as HyperCVAD
[7,8], CALGB [9,14-16], and MRC UKALL XII/ECOG 2993 [1,4] or similar ALL
“adult”-type treatment protocols. Tyrosine-kinase inhibitor (TKI) adminis-
tration before or after transplantation was considered as TKI treatment or
maintenance therapy. Central nervous system (CNS) leukemia prophylaxis
was defined as receiving intrathecal chemotherapy, systemic high-dose in-
travenous methotrexate, cranial irradiation, spinal irradiation, or a
combination thereof for prevention of CNS involvement with leukemia.

Study Endpoints
The primary endpoint of the study was LFS of ALL patients in CR1 re-

ceiving ≥2, 1, or 0 cycles of consolidation chemotherapy before alloHCT. LFS
was defined as the time from transplantation to death or leukemia relapse.
Secondary endpoints included treatment-related mortality (TRM), inci-
dence of relapse (systemic or CNS), acute and chronic graft-versus-host disease
(GVHD), and OS. TRM was defined as death from any cause without any ev-
idence of leukemia relapse considering relapse as a competing event. Acute
and chronic GVHD grading was performed according to consensus criteria
[17,18]. Overall survival was defined as the time from transplant to death
from any cause; patients who were alive and remained in CR were cen-
sored at the last follow-up.

Statistical Analysis
Chi-square test for categorical variables and Kruskal-Wallis test for con-

tinuous variables were used to compare patient-, disease-, treatment-, and
transplant-related characteristics between patients receiving ≥2, 1, or 0 cycles
of consolidation chemotherapy before alloHCT. Univariate probabilities of
LFS and OS were estimated by the Kaplan-Meier method. Cumulative inci-
dence function was used to calculate probabilities of TRM, and relapse was
considered a competing risk and the converse for relapse with TRM as a com-
peting risk. Potential risks factors for clinical outcomes were tested using
Cox proportional hazards regression model. The assumption of proportion-
al hazards for each factor was tested using time-dependent covariates, and
a backward stepwise model was used to select all significant risk factors.
Factors that were significant at a 5% level were retained in the final model.
The main effect of consolidation cycle numbers, donor type and recipient
age were included in each step of model building regardless of their sig-
nificance, and the potential interactions between main effect and all significant
covariates were tested. The variables that were considered in the multi-
variable models included number of consolidation cycles, recipient age,
Karnofsky performance status, HCT comorbidity index, cytogenetic risk, WBC
count at diagnosis, time from diagnosis to CR1, detectable disease status at
transplant, recipient cytomegalovirus serostatus, donor type, graft source,
and in vivo T-cell depletion. Adjusted probabilities of LFS and survival, and
adjusted cumulative incidence functions of TRM and relapse, were calcu-
lated using the multivariate models, stratified on cycles of consolidation (≥2
versus 1 versus 0) and weighted by the pooled sample proportion value for
each prognostic factor [19,20]. All study analyses were performed using SAS
software (SAS version 9.3 Institute, Cary, NC).

RESULTS
Patient Characteristics

We identified 524 adult patients with ALL in CR1 from 116
transplant centers undergoing alloHCT with myeloablative
conditioning from 2008 to 2012: 109 patients received ≥2
cycles of consolidation chemotherapy, 93 patients received
1 cycle, and 322 patients received 0 cycles. Overall median
follow-up of survivors was 59 months (range, 6 to 79 months).
Patient, disease, treatment, and transplant characteristics
are summarized in Table 1. The median age was 35, 36,
and 40 years for patients receiving ≥2, 1, or 0 cycles of
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Table 1
Patient Characteristics

Variable Consolidation Chemotherapy

0 Cycles 1 Cycle ≥2 Cycles P Value

Number of patients 322 93 109
Number of centers 89 45 62
Age in decades .17

16–29 yr 97 (30) 36 (39) 39 (36)
30–39 yr 62 (19) 16 (17) 30 (28)
40–49 yr 90 (28) 20 (22) 22 (20)
50–59 yr 62 (19) 16 (17) 17 (16)
60–69 yr 11 (3) 5 (5) 1 (<1)
Median (range), yr 40 (16–68) 36 (17–67) 35 (16–65) .01

Gender .55
Male 191 (59) 51 (55) 59 (54)
Female 131 (41) 42 (45) 50 (46)

Karnofsky score .07
<90% 102 (32) 17 (18) 35 (32)
≥90% 215 (67) 76 (82) 72 (66)
Missing 5 (2) 0 2 (2)

ALL immunophenotype .55
B-lineage 265 (82) 75 (81) 92 (84)
T-lineage 51 (16) 14 (15) 13 (12)
Missing 6 (2) 4 (4) 4 (4)

WBC count at diagnosis .62
≤10 116 (36) 40 (43) 38 (35)
10–29 43 (13) 8 (9) 10 (9)
30–100 36 (11) 13 (14) 12 (11)
>100 22 (7) 8 (9) 11 (10)
Missing 105 (33) 24 (26) 38 (35)
Median (range) 8 (<1–432) 8 (1–429) 8 (1–1410) .95

HCT comorbidity index .04
0 191 (59) 64 (69) 61 (56)
1–2 78 (24) 16 (17) 33 (30)
≥3 52 (16) 10 (11) 14 (13)
Missing 1 (<1) 3 (3) 1 (<1)

Cytogenetics scoring* .30
Normal 72 (22) 18 (19) 22 (20)
Poor 188 (58) 55 (59) 66 (61)
Other 45 (14) 9 (10) 16 (15)
Missing 17 (5) 11 (12) 5 (5)

Ph+ .22
No 163 (51) 51 (55) 66 (61)
Yes 153 (48) 38 (41) 40 (37)
Missing 6 (2) 4 (4) 3 (3)

Extramedullary disease at diagnosis 1.00
No 264 (82) 77 (83) 91 (83)
Yes 48 (15) 13 (14) 15 (14)
Missing 10 (3) 3 (3) 3 (3)

Extramedullary or CNS leukemia at diagnosis .88
No 281 (87) 81 (87) 99 (91)
Yes 31 (10) 9 (10) 7 (6)
Missing 10 (3) 3 (3) 3 (3)

Number of induction cycles .72
1 278 (86) 77 (83) 93 (85)
2 30 (9) 14 (15) 11 (10)
3 11 (3) 2 (2) 4 (4)
4 3 (<1) 0 1 (<1)

CNS prophylaxis† .005
No 96 (30) 18 (19) 17 (16)
Yes 226 (70) 75 (81) 92 (84)

Time from diagnosis to CR1 <.001
0–2 mo 136 (42) 61 (66) 80 (73)
2–6 mo 138 (43) 24 (26) 25 (23)
≥6 mo 28 (9) 3 (3) 2 (2)
Missing 20 (6) 5 (5) 2 (2)

Number of consolidation cycles <.001
0 322 0 0
1 0 93 0
2 0 0 59 (54)
3 0 0 22 (20)
4 0 0 17 (16)
≥5 0 0 10 (9)
Missing 0 0 1 (<1)

Time from CR1 to HCT <.001
0–2 mo 144 (45) 17 (18) 9 (8)
2–4 mo 89 (28) 44 (47) 33 (30)

(Continued on next page)
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Table 1
(continued)

Variable Consolidation Chemotherapy

0 Cycles 1 Cycle ≥2 Cycles P Value

4–6 mo 38 (12) 15 (16) 31 (28)
≥6 mo 31 (10) 12 (13) 34 (31)
Missing 20 (6) 5 (5) 2 (2)

Cytogenetic CR status at HCT
(n = 379; poor + other)

.33

No 16 (7) 2 (3) 6 (7)
Yes 191 (82) 59 (92) 70 (85)
Missing 26 (11) 3 (5) 6 (7)

Molecular CR status at HCT
(n = 231; Ph+ patients only)

.66

No 43 (28) 8 (21) 10 (25)
Yes 77 (50) 24 (63) 20 (50)
Missing 33 (22) 6 (16) 10 (25)

TBI .63
No 26 (8) 8 (9) 6 (6)
Yes 296 (92) 85 (91) 103 (94)

<600 cGy 23 3 9
600–1200 cGy 148 40 62
>1200 cGy 125 42 32

Conditioning regimen .47
TBI + Cy 150 (47) 35 (38) 43 (39)
TBI + Cy + other 75 (23) 20 (20) 32 (29)
TBI + VP16 62 (19) 21 (23) 23 (21)
TBI + other 15 (5) 11 (12) 9 (8)
Bu + Cy 7 (2) 3 (3) 1 (<1)
Bu + Flu 13 (4) 3 (3) 1 (<1)

In vivo T-cell depletion .11
No 266 (83) 80 (86) 82 (75)
Yes 56 (17) 13 (14) 27 (25)

Type of donor .40
HLA-identical sibling 130 (40) 37 (40) 38 (35)
Well matched URD 96 (30) 23 (25) 31 (28)
Partially matched URD 22 (7) 10 (11) 10 (9)
Mismatched URD 2 (<1) 1 (1) 3 (3)
UCB 72 (23) 22 (23) 27 (25)

6/6 UCB 5 1 0
5/6 UCB 6 2 4
≤4/6 UCB 31 4 11
Matching unknown 30 15 12

Graft type .42
Bone marrow 39 (12) 19 (20) 14 (13)
Peripheral blood 211 (66) 52 (56) 68 (62)
Single UCB 22 (7) 5 (5) 6 (6)
Double UCB 50 (16) 17 (18) 21 (19)

Donor/Recipient CMV match .05
−/− 92 (29) 16 (17) 39 (36)
−/+ 112 (35) 33 (35) 35 (32)
+ /− 36 (11) 13 (14) 7 (6)
+ /+ 81 (25) 31 (33) 24 (22)
Missing 1 (<1) 0 4 (4)

Donor/Recipient sex match .44
M/M 115 (36) 28 (30) 30 (28)
M/F 73 (23) 28 (30) 21 (19)
F/M 71 (22) 23 (25) 24 (22)
F/F 52 (16) 14 (15) 26 (24)
Double UCB with sex mismatch 11 (3) 0 8 (7)

GVHD prophylaxis .16
Tacrolimus based 219 (68) 57 (61) 73 (67)
Cyclosporine based 87 (27) 29 (31) 35 (32)
Other 16 (5) 7 (8) 1 (<1)

TKI maintenance (pre- or post-HCT)
(n = 231; Ph+ patients only)

.10

No 82 (54) 17 (45) 14 (35)
Yes 71 (46) 21 (55) 26 (65)

Year of HCT .40
2008 97 (30) 28 (30) 33 (30)
2009 65 (20) 20 (22) 27 (25)
2010 56 (17) 15 (16) 13 (12)
2011 67 (21) 13 (14) 17 (16)
2012 37 (11) 17 (18) 19 (17)

Median follow-up of survivors (range), mo 50 (4–78) 61 (12–76) 52 (15–74)

CMV indicates cytomegalovirus; M, male; F, female.
* Cytogenetics scoring: poor: complex (≥3 abnormalities), t(9;22), t(4;11), t(8;14), t(14;18), hypodiploid ( other: everything else except poor and normal.
† Cranial or spinal radiation therapy, intrathecal chemotherapy or high-dose IV methotrexate.
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consolidation chemotherapy (P = .01), respectively. In addi-
tion, there were no reported comorbidities at HCT in 56%, 69%,
and 59% of patients receiving ≥2, 1, or 0 cycles of consolida-
tion chemotherapy (P = .04), respectively. Philadelphia positive
(Ph+) chromosomal abnormality was present in 44% of all
study patients, and only 21% of all patients had normal cy-
togenetics. Only a minority of patients had hyperleukocytosis
(defined as WBC count of >100 × 109/L; 8%) at diagnosis or
CNS involvement by leukemia (9%) at any time point before
HCT. An HLA-identical sibling donor was used in 205 (39%)
patients, URD in 198 (38%; 150 well matched, 42 partially
matched, and 6 mismatched), and umbilical cord blood (UCB)
in 121 (23%; 33 single and 88 double UCB). Peripheral blood
(63%) was the most commonly used graft source, followed
by UCB (23%) or bone marrow (14%). The majority of all pa-
tients (>80%) achieved CR1 with only 1 cycle of induction
chemotherapy; however, the median time from diagnosis to
CR1 was significantly longer among patients receiving no con-
solidation chemotherapy (2 months) than among patients
receiving 1 cycle (1 month) or ≥2 cycles (1 month) of con-
solidation chemotherapy (P < .001). In contrast and as
expected, the median time from CR1 to HCT was longer for
patients receiving ≥2 cycles (5 months) than for patients re-
ceiving 1 cycle (3 months) or no cycles (2 months) of
consolidation chemotherapy (P < .001). About half of pa-
tients (54%) receiving ≥2 cycles of consolidation received only
2 cycles of consolidation chemotherapy. Detectable minimal
residual disease (MRD) status before HCT either by cytoge-
netics or by molecular assessment was present only in a
minority of patients in the entire cohort, and it was similar
among the 3 groups (14%, 11%, and 18% [P = .12], respective-
ly). For those receiving ≥2, 1, or 0 cycles of consolidation,
pretransplant CNS prophylaxis was used in 84%, 81%, or 70%
(P = .005) of patients, respectively; and pre- or post-HCT TKI
maintenance chemotherapy among Ph+ patients (n = 231) was
used in 65%, 55%, or 46% (P = .10), respectively. Other patient,

disease, treatment and transplant characteristics were similar
among the 3 study groups.

Relapse and TRM
The cumulative incidence of relapse at 3-years for ≥2, 1,

or 0 cycles of consolidation chemotherapy was 20%, 26%, and
21%, respectively (P = .71; Table 2 and Figure 1). In addition,
when relapse was evaluated among the Ph + subgroup of pa-
tients, we identified no influence of consolidation on risks
of relapse after alloHCT. In multiple regression analysis con-
solidation chemotherapy did not influence risk of relapse
(Table 3). In addition, MRD before HCT did not influence the
relapse risk. Adjusted probabilities of 1-year TRM were 17%,
18%, and 23%, respectively (P = .56). In univariable analysis,
the donor type and graft source influenced TRM; however,
none of the other factors tested was significantly associated
with relapse incidence after alloHCT. Consolidation did not
influence the risks of TRM, but the choice of partially or mis-
matched URD (mmURD) (relative risk [RR], 3.11; 95% CI, 1.87
to 5.18; P < .0001) or UCB donor (RR, 2.46; 95% CI, 1.64 to 3.71;
P < .0001) significantly increased the risk of TRM after alloHCT.

LFS and OS
Univariate LFS probabilities at 3-years for ≥2, 1, and 0 cycles

of consultation therapy were similar at 54%, 48%, and 48%,
respectively (P = .48). Similarly, univariate OS probabilities
at 3 years were 63%, 58%, and 54%, respectively (P = .21). Donor
type was the only factor associated with LFS and OS. In con-
trast, LFS or OS were not affected by patient age, Karnofsky
performance status, HCT comorbidity index, cytogenetics, WBC
count at diagnosis, detectable disease status before HCT, time
from diagnosis to CR1, recipient cytomegalovirus serostatus,
in vivo T-cell depletion, or type of GVHD prophylaxis. In mul-
tiple regression analysis, consolidation chemotherapy did not
influence treatment failure (inverse of LFS) or overall mor-
tality. mmURD and UCB donor types increased the risk of

Table 2
Univariate Analysis

Consolidation Chemotherapy

0 Cycles (n = 322) 1 Cycle (n = 93) ≥2 Cycles (n = 109)

Outcomes n Probability (95% CI) n Probability (95% CI) Probability (95% CI) P Value

aGVHD grade II-IV 321 93 109 .86
100-day 37 (32-43) 41 (31-51) 41 (32-51)

cGVHD 321 93 109 .68
1 yr 48 (42-53) 47 (36-57) 52 (42-61)
3 yr 56 (50-62) NE* 58 (48-67)
5 yr 57 (51-62) NE* NE*

Relapse 321 92 109 .71
1 yr 17 (13-22) 18 (11-27) 17 (11-25)
3 yr 21 (17-26) 26 (17-36) 20 (13-28)
5 yr 22 (18-27) 26 (17-36) 20 (13-28)

TRM 321 92 109 .56
1 yr 23 (18-28) 18 (11-27) 17 (10-24)
3 yr 31 (26-36) 26 (17-35) 26 (18-35)
5 yr 33 (28-39) 34 (23-45) 28 (19-37)

LFS 321 92 109 .48
1 yr 60 (55-65) 63 (53-73) 66 (57-75)
3 yr 48 (42-53) 48 (38-59) 54 (44-63)
5 yr 45 (39-50) 40 (29-52) 52 (42-62)

OS 322 93 109 .21
1 yr 71 (66-76) 72 (63-81) 78 (70-85)
3 yr 54 (49-60) 58 (48-68) 63 (53-72)
5 yr 48 (42-54) 49 (37-60) 61 (51-70)

aGVHD indicates acute graft-versus-host disease; cGVHD, chronic graft-versus-host disease; NE, not evaluable.
* <15 cases at risk at specified time point.
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treatment failure (for mmURD: RR, 1.81; 95% CI, 1.19 to 2.73;
P = .005; for UCB: RR, 1.50; 95% CI, 1.10 to 2.05; P = .011) and
overall mortality (for mmURD: RR, 1.98; 95% CI, 1.29 to 3.05;
p = .002; for UCB: RR, 1.68; 95% CI, 1.21 to 2.34; P = .002). In
addition, among the Ph + subgroup, LFS after alloHCT was not
associated with consolidation or MRD-positive status.

Acute and Chronic GVHD
The cumulative incidence of acute GVHD at day 100 for

≥2, 1, and 0 cycles of consolidation chemotherapy was 41%,
41%, and 37%, respectively (P = .86). Similarly, the cumula-
tive incidence of chronic GVHD at 1 year was 52%, 47%, and

48%, respectively (P = .68). Consolidation chemotherapy was
not associated with the incidence of GVHD; however, acute
GVHD was influenced by graft source, and chronic GVHD was
influenced by time to CR1, graft source, donor type, and in
vivo T-cell depletion. In multiple regression analysis, con-
solidation was not found to be an independent predictor of
acute or chronic GVHD. In contrast, well-matched URD
(RR = 1.45, 95% CI, 1.05 to 2.01; P = .026) was associated with
increased risk of acute GVHD as compared with HLA-identical
sibling donor type, whereas in vivo T-cell depletion (RR, .55;
95% CI, .38 to .80; P = .002) significantly reduced the risk of
chronic GVHD.

Figure 1. Adjusted clinical outcomes of patients receiving ≥2, 1, or 0 cycles of consolidation chemotherapy before alloHCT.
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Table 3
Multivariable Analysis

n RR (95% CI) P Value

1. aGVHD grade II-IV
Number of consolidation cycles .98
≥2 109 1
0 322 .97 (.70-1.35) .87
1 93 .96 (.63-1.47) .85
Donor type .10
HLA-identical sibling 205 1
Well matched URD 150 1.45 (1.05-2.01) .026
Partially/mismatched URD 48 1.41 (.87-2.29) .17
UCB 121 1.42 (1.00-2.01) .053
Recipient age at HCT .36
16-39 yr 280 1
≥40 yr 244 .88 (.67-1.16)
2. cGVHD
Number of consolidation cycles .59
≥2 109 1
0 322 .94 (.70-1.26) .68
1 93 .82 (.56-1.20) .31
Donor type .082
HLA-identical sibling 205 1
Well matched URD 150 1.01 (.75-1.36) .96
Partially/mismatched URD 48 1.42 (.87-2.31) .16
UCB 121 .74 (.53-1.02) .066
In vivo T-cell depletion .0019
No 428 1
Yes 96 .55 (.38-0.80)
Recipient age at HCT .57
16-39 yr 280 1
≥40 yr 244 .93 (.74-1.18)
3. Treatment related mortality
Number of consolidation cycles .43
≥2 cycles 109 1
0 cycles 322 1.30 (.86-1.96) .22
1 cycle 93 1.12 (.66-1.91) .67
Donor type <.0001
HLA-identical sibling 205 1
Well matched URD 150 1.33 (.87-2.04) .19
Partially/mismatched URD 48 3.11 (1.87-5.18) <.0001
UCB 121 2.46 (1.64-3.71) <.0001
Recipient age at HCT .10
16-39 yr 280 1
≥40 yr 244 1.31 (.95-1.81)
HCT comorbidity index .56
0 316 1
1 75 1.06 (.65-1.74) .80
≥2 128 1.22 (.85-1.76) .28
4. Relapse
Number of consolidation cycles .67
≥2 109 1
0 322 1.15 (.71-1.87) .57
1 93 1.31 (.73-2.34) .37
Donor type .63
HLA-identical sibling 205 1
Well matched URD 150 .92 (.60-1.42) .71
Partially/mismatched URD 48 .81 (.38-1.70) .57
UCB 121 .71 (.42-1.21) .21
Recipient age at HCT .80
16-39 yr 280 1
≥40 yr 244 .95 (.66-1.38)
5. Treatment failure (1 - LFS)
Number of consolidation cycles .43
≥2 109 1
0 322 1.23 (.90-1.69) .19
1 93 1.19 (.80-1.77) .38
Donor type .0096
HLA-identical sibling 205 1
Well matched URD 150 1.11 (.82-1.51) .48
Partially/mismatched URD 48 1.81 (1.19-2.73) .0051
UCB 121 1.50 (1.10-2.05) .011
Recipient age at HCT .22
16-39 yr 280 1
≥40 yr 244 1.16 (.91-1.49)

(Continued on next page)
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DISCUSSION
We conducted a large analysis of CIBMTR data on 524

patients with ALL in CR1 to determine whether consolida-
tion chemotherapy affected clinical outcomes of myeloablative
alloHCT. We found that consolidation chemotherapy had
no demonstrable benefit for myeloablative alloHCT
recipients—an observation not previously reported. We ob-
served similar rates of LFS, OS, relapse, and TRM in CR1 ALL
patients independent of consolidation chemotherapy use.
Since many ALL treatment protocols for adults still incorpo-

rate mandatory consolidation even for those undergoing
alloHCT [21], this observation has practical importance for
clinicians because it suggests that consolidation is not nec-
essary for those patients with readily available donors
undergoing prompt myeloablative alloHCT for ALL in CR1,
especially when a negative MRD status can be verified. On
the other hand, our analysis showed that consolidation had
no negative effect on TRM or survival after alloHCT. Because
a previous report found that the time from induction che-
motherapy to consolidation was independently associated

Table 3
(continued)

n RR (95% CI) P Value

HCT comorbidity index .56
0 316 1
1 75 1.13 (.80-1.60) .50
≥2 128 1.07 (.81-1.43) .63
6. Overall mortality (1 - OS)
Number of consolidation cycles .19
≥2 109 1
0 322 1.38 (.98-1.94) .065
1 93 1.31 (.85-2.00) .22
Donor type .0015
HLA-identical sibling 205 1
Well matched URD 150 1.14 (.83-1.57) .43
Partially/mismatched URD 48 1.98 (1.29-3.05) .0019
UCB 121 1.68 (1.21-2.34) .0020
Recipient age at HCT .14
16-39 yr 280 1
≥40 yr 244 1.22 (.94-1.58)
HCT comorbidity index .16
0 316 1
1 75 1.22 (.85-1.76) .29
≥2 128 1.22 (.90-1.65) .19
7. Relapse (Ph + subset)
Number of consolidation cycles .75
≥2 40 1
0 153 1.05 (.47-2.35) .91
1 38 1.35 (.54-3.40) .53
Donor type .46
HLA-identical sibling 87 1
Well matched URD 65 .74 (.37-1.48) .39
Partially/mismatched URD 21 .96 (.35-2.61) .94
UCB 58 .53 (.24-1.20) .13
Recipient age at HCT .073
16-39 yr 99 1
≥40 yr 132 .59 (.33-1.05)
MRD status .84
No 115 1
Yes 67 1.21 (.63-2.32) .57
Missing 49 1.14 (.52-2.49) .74
8. Overall mortality (Ph + subset)
Number of consolidation cycles .84
≥2 40 1
0 153 1.04 (.64-1.70) .86
1 38 .89 (.48-1.67) .73
Donor type .64
HLA-identical sibling 87 1
Well matched URD 65 1.22 (.78-1.90) .38
Partially/mismatched URD 21 1.35 (.68-2.67) .39
UCB 58 1.27 (.80-2.02) .30
Recipient age at HCT .68
16-39 yr 99 1
≥40 yr 132 1.08 (.75-1.57)
MRD status .56
No 115 1
Yes 67 1.02 (.67-1.57) .92
Missing 49 1.27 (.80-2.02) .31
HCT comorbidity index .45
0 140 1
1 30 .96 (.54-1.69) .89
≥2 59 1.19 (.79-1.78) .41

RR indicates relative risk.
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with increased risk of relapse in ALL [10], our data suggest
that consolidation can be safely used to prevent leukemia
relapse in those waiting for suitable donor without increas-
ing the risk of TRM.

In this study, factors including patient age, comorbidities,
Ph + status, or WBC at diagnosis were not independently as-
sociated with clinical outcomes after alloHCT. In addition,
exclusion of patients younger than age 18 years (n = 29) had
no significant effect on any clinical outcomes after trans-
plantation (data not shown). Notably, no consolidation group
was enriched with older patients and patients with
comorbidities. Although factors determining the choice of of-
fering consolidation cannot be assessed in this retrospective
study, older age and patient comorbidities are common
reasons why consolidation might not be routinely adminis-
tered in clinical practice. Despite this, however, in our study
factors such as older age or comorbidities did not signifi-
cantly increase the risk of TRM or mortality in patients
receiving no consolidation.

Although the adverse influence of hyperleukocytosis
[22-26] or CNS leukemia [27] on clinical outcomes of ALL were
previously reported in several studies, this effect was not ob-
served in our analysis. However, our study had only a smaller
proportion of patients with hyperleukocytosis or CNS leu-
kemia (<10% for each); therefore, the effect of these factors
on transplant outcomes could not be robustly assessed.
Despite the high proportion of Ph + ALL cases (44%) in our
study cohort, we observed no influence of Ph + status on trans-
plantation outcomes. Our observation is consistent with
several prior reports of improved outcomes in myeloablative
alloHCT recipients with Ph + ALL [28-32]. The increased use
of TKI maintenance before or after alloHCT in recent years
might have influenced, in part, the improved outcomes of the
otherwise well-known adverse subgroup with Ph + ALL
[31-33].

Our study also highlights that achievement of CR1 with
upfront therapy is an acceptable benchmark for disease control
before myeloablative alloHCT. Several recent studies re-
ported increased risk of ALL recurrence in patients undergoing
alloHCT with positive MRD status using either flow cytometry
or more sensitive polymerase chain reaction molecular tech-
niques [34], particularly in a settings of reduced-intensity
conditioning transplantation [31,35-38] or myeloablative
alloHCT in CR2 [39]. In our analysis, MRD-positive status
(though not quantitatively reported) among the Ph + sub-
group of patients had no influence on ALL relapse or LFS after
transplantation. This observation is consistent with the UKALL
XII/ECOG2993 results demonstrating that MRD-positive status
had no adverse effect on outcomes of myeloablative alloHCT
[40], thereby emphasizing that myeloablative conditioning
could potentially overcome the increased risk of relapse after
transplantation of MRD-positive ALL in CR1. Although MRD
status by high-sensitivity flow cytometry assessment might
have differentially influenced our observation, such infor-
mation was not available for our analysis. However, we
analyzed data on either cytogenetic or molecular MRD status
in a majority of study patients and there was a similar dis-
tribution of detectable MRD cases among the 3 study groups.
Future studies could re-examine the role of consolidation in
flow cytometry detectable MRD to allow a better definition
of whether such patients require consolidation before trans-
plant to improve outcomes. At present, our study findings
must only be cautiously extrapolated to cases with flow
cytometry evidence of MRD and may not be applicable for
patients undergoing reduced-intensity conditioning alloHCT.

These patients received various upfront ALL chemother-
apy regimens and generally only “adult”-type ALL therapy.
More intense pediatric style intensification and consolida-
tion therapy might alter this risk-benefit equation and in some
subgoups might effectively substitute for the benefits of an
allograft [41].

These data support the conclusion that consolidation che-
motherapy does not appear to provide added benefit in adult
ALL patients who have an available donor permitting prompt
initiation of myeloablative alloHCT in CR1. Consolidation
should still be administrated to maintain CR1 before alloHCT
in those awaiting donor availability.
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