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Abstract

Background—Allogeneic hematopoietic cell transplantation (HCT) from human leukocyte
antigen (HLA) matched related donors (RD) and matched unrelated donors (URD) produce
similar outcomes in patients with acute myelogenous leukemia, while donor source has been
reported as a predictor of outcomes in myelodysplastic syndrome.

Methods—Post-HCT outcomes in 1458 ALL patients from 2000-2011 were analyzed,
comparing RD versus URD transplants.

Results—Median age was 37 years (range, 18-69). In multivariate analysis, HLA 8/8 allele
matched URD recipients had similar transplant-related mortality (TRM) and all-cause mortality
(hazard ratio [HR] 1.16 [95% C1 0.91-1.48] and HR 1.01 [95% CI 0.85-1.19], respectively)
compared to RD recipients; 7/8 URD had greater risk of TRM and all-cause mortality compared to
RD (HR 1.92 [95% CI 1.47-2.52] and HR 1.29 [95% CI 1.05-1.58], respectively). Risk of TRM
and all-cause mortality was also greater comparing 7/8 to 8/8 URD. Compared to RD, both 8/8
and 7/8 URD had lower risk of relapse (HR 0.77 [95% CI 0.62-0.97] and HR 0.75 [95% ClI
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0.56-1.00], respectively). Both 8/8 and 7/8 URD had greater risk of acute GVHD (HR 2.18 [95%
Cl 1.76-2.70] and HR 2.65 [95% CI 2.06-3.42], respectively) and chronic GVHD (HR 1.28 [95%
Cl 1.06-1.55] and HR 1.46 [95% CI 1.14-1.88], respectively) compared to RD.

Conclusions—In the absence of RD, 8/8 URD is a viable alternative with similar survival
outcomes, while 7/8 URD transplantation is associated with poorer overall survival.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a potentially life-saving treatment for
patients suffering from acute leukemia, lymphoma, and other hematologic diseases. Siblings
with matching human leukocyte antigen (HLA) are the preferred donor source, but only
about one-third of patients have an HLA matched related donor (RD). If a RD is not
available, a matched unrelated donor (URD) is sought. Depending on the recipient's race and
ethnicity, the likelihood of finding a fully HLA-allele matched (HLA-A, -B, -C, -DRB1
[8/8]) URD ranges from 16-75%, and 66-97% for a 7/8 HLA match.1> HCT from a URD
has been associated historically with higher incidence of graft failure, more graft versus host
disease (GVHD), and lower survival than RD transplants.® However, more recent data have
shown that survival rates for URD HCT have improved significantly, with two-year survival
rates for URD recipients with acute lymphoblastic leukemia (ALL) rising from 23% in
1987-1998, to 40% in 2003-2006.1.7

A recent analysis comparing the outcomes after RD transplant versus 8/8 URD versus 7/8
URD HCT for acute myelogenous leukemia (AML) patients demonstrated that 8/8 URD
HCT recipients had similar survival rates as RD HCT recipients, while 7/8 URD recipients
had higher early mortality, suggesting that contemporary use of URD and RD HCT produce
similar survival outcomes in AML.8 A subsequent study examined the same question among
patients with myelodysplastic syndrome (MDS), but unlike the findings in AML, donor
source was an important predictor of outcomes.? Recipients of 7/8 URD HCT had worse 3-
year survival compared to RD and 8/8 URD groups.® While AML patients had lower relapse
risks in 7/8 URD vs. RD recipients (HR 0.78 [95% CI 0.63-0.98]),8 this relationship was not
seen in MDS (HR 1.02 [95% CI 0.66-1.60]),° indicating there may exist a disease-specific
component to the GVL effect. Evaluating the role of donor source in determining outcomes
of HCT for specific diseases might clarify the potency of the graft-versus-leukemia (GVL)
effect. We investigated the outcomes of RD versus 8/8 URD versus 7/8 URD HCT for
patients with ALL. Furthermore, we sought to evaluate whether donor source impact on
outcomes differs by conditioning regimen intensity, given that patients undergoing RIC HCT
rely more on the graft-versus-leukemia (GVL) effect of their transplant to prevent disease
relapse.10
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The CIBMTR is a combined research program of the Medical College of Wisconsin and the
National Marrow Donor Program. The CIBMTR comprises a voluntary network of more
than 450 transplantation centers worldwide that contribute detailed data on consecutive
allogeneic and autologous HCT to a centralized statistical center. Observational studies
conducted by the CIBMTR are performed in compliance with all applicable federal
regulations pertaining to the protection of human research participants. Protected health
information used in the performance of such research is collected and maintained in the
CIBMTR capacity as a public health authority under the Health Insurance Portability and
Accountability Act Privacy Rule. Additional details regarding the data source are described
elsewhere.11

Patient Selection

The patient population consisted of adult patients (=18 years) with B-lineage ALL
undergoing their first allogeneic HCT in the United States between 2000-2011 who had
comprehensive data reported to the CIBMTR. A total of 1458 cases fulfilling the inclusion
criteria were identified. Of these, 440 received RD transplants from matched siblings, 729
received 8/8 HLA-matched URD transplants, and 289 received 7/8 HLA-matched URD
transplants. Patients receiving umbilical cord blood transplantation and patients receiving
stem cells from identical twins, HLA-mismatched, haploidentical, or nonsibling-related
donors were excluded. Patients whose disease status at transplant was missing were
excluded, and pre-HCT presence or absence of minimal residual disease was not assessed.
Patients whose grafts were depleted of T-cells ex vivo or underwent CD34 cell selection
were excluded. Patients receiving post-HCT cyclophosphamide for graft-vs-host disease
prophylaxis were also excluded. The population was limited to patients with B-cell lineage
disease only.

Study end points and definitions

The primary outcome studied was survival. Patients were considered to have an event at time
of death from any cause; survivors were censored at time of last contact. Leukemia-free
survival (LFS) was defined as time from transplant to treatment failure (death or relapse).
Relapse was defined as leukemia recurrence defined by hematologic criteria as reported by
the centers to the CIBMTR, and transplant-related mortality (TRM) was considered a
competing event. TRM was defined as death in remission, and relapse was considered a
competing event. Acute graft-vs-host disease (GVHD) was graded according to Consensus
criteria.12 Chronic GVHD was diagnosed by standard criteria.13 For cumulative incidence of
GVHD, death without GVHD was considered a competing event.

Statistical analysis

Overall survival and LFS estimates for RD, 8/8 URD and 7/8 URD recipients were
calculated based on Kaplan-Meier estimates, and the 95% confidence intervals were
calculated using the variance derived from Greenwood's formula. Cumulative incidence for
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TRM for the three groups was calculated using disease relapse as the competing risk, and
cumulative incidence for relapse was calculated using TRM as the competing risk. Similarly,
death was a competing risk for the cumulative incidence of acute and chronic GVHD.14
Kruskal-Wallis test for continuous covariates and Fisher's exact test for proportions were
used to compare patient, disease, and transplant-related characteristics between groups. Log-
rank tests were used to compare OS and LFS between RD, 8/8 URD and 7/8 URD.
Similarly, unadjusted comparison between the three groups of patients in terms of treatment
related mortality and relapse was performed via Gray's test for cumulative incidence curves.
All P values were two-sided.

The Cox proportional hazards regression model was used to compare 8/8 URD versus 7/8
URD versus RD in terms of overall survival, LFS, TRM, relapse, aGVHD, and cGVHD
after adjusting for other risk factors. Patient-related (age at diagnosis, sex, Karnofsky
performance score, race), disease-related (white blood cell count at diagnosis, cytogenetics,
tyrosine kinase inhibitor usage at any time pre-transplant, disease status at transplant, time to
achieve first complete remission (CR1) for patients transplanted in CR1, and duration of
CR1 for patients transplanted in second complete remission), and transplant-related
variables (donor age, donor-recipient sex matching, recipient CMV status, conditioning
regimen intensity, graft source, year of HCT, GVHD prophylaxis regimen, and use of
antithymocyte globulin) were included in the multivariate analyses using the Cox
proportional hazards regression with a stepwise variable selection technique; P < .05 was the
criterion for inclusion in final models. Optimal cut points for continuous covariates were
determined by maximizing the overall mortality hazard ratio. The main factor being tested in
this study was the effect of donor source (8/8 URD versus 7/8 URD versus RD) on clinical
endpoints; therefore this variable was included in all models. The proportional hazards
assumption was examined for each variable, and if violated, variables were included as time-
dependent covariates. The interaction between the main effect and significant covariates was
tested; no significant interactions were found. Multivariate analysis was also performed after
restricting the study population to patients transplanted in CR1 and CR2, or CR1 alone.

Patients—Baseline patient population characteristics of patients with B-cell ALL are
summarized in Table 1. Median follow-up times were 47, 61, and 71 months for RD, 8/8
URD and 7/8 URD, respectively. URD group patients were younger than RD patients.
Median age (range) for the entire cohort was 37 years (18-69 years). Karnofsky Performance
Scores were similar among all three groups. Across the three groups, patients were most
commonly Caucasian, with the 8/8 URD group having a higher proportion of white patients.
WABC count at diagnosis was similar across all three groups. Among patients with
Philadelphia chromosome ALL, the RD group had a greater percentage receiving a tyrosine
kinase inhibitor (TKI) as part of treatment. RD recipients were more likely transplanted in
first complete remission (CR1), in comparison to the URD groups, which had a relatively
higher percentage transplanted in second complete remission (CR2). The time from
diagnosis to achieving CR1 for all patients who achieved CR1, as well as the duration of
CR1 for patients transplanted in CR2 were similar across all groups. Conditioning regimen
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intensity and GVHD prophylaxis regimens were similar across all three groups. Use of in
vivo T-cell depletion (antithymocyte globulin (ATG) and/or alemtuzumab) was more
common in the URD groups. RD recipients received their transplants more recently than the
URD groups, and were more likely to have received peripheral blood stem cells (PBSC).

Multivariate Analysis

Survival—RD and 8/8 URD recipients (HR=1.01 [95% CI 0.85-1.19]) had the same risk of
death from any cause, while 7/8 URD recipients had an increased risk of death (HR=1.29
[95% CI 1.05-1.58]) compared to RD recipients (Table 2). Covariates with adverse effects
on overall survival included age>52, low KPS, non-white race, poor cytogenetic profile with
Philadelphia chromosome negative, use of cyclosporine (CsA), patients transplanted in CR1
who took longer than 4 weeks to achieve CR, transplants in CR2 with short duration of CR1,
and advanced disease status at transplant. The use of PBSC were also associated with higher
risk of mortality, however this risk only became apparent at two years post-transplant. There
was no significant difference in OS when comparing myeloablative conditioning +/- TBI and
reduced intensity/non-myeloablative conditioning (Supplemental Table 1). The 5-year
probability of overall survival, adjusted for other significant variables, was 35% (95% CI
30-40%), 36% (95% CI 32-40%), and 28% (95% CI 22-33%) for RD, 8/8 URD, and 7/8
URD recipients, respectively (Table 3; Figure 1).

Transplant-related mortality—There was no significant increased risk of TRM
comparing 8/8 URD to RD recipients (HR=1.16 [95% CI 0.91-1.48]), while 7/8 URD
recipients had an increased risk of TRM (HR=1.92 [95% CI 1.47-2.52]) (Table 2). Adverse
covariates for TRM were recipient age>52, low KPS, non-white race, CsA use, and use of
PBSC. PBSC use was only associated with higher rates of TRM starting at two years post-
HCT. Reduced intensity/non-myeloablative conditioning regimens were associated with
decreased risk of TRM. The 5-year cumulative incidence of TRM, adjusted for other
significant variables, was 27% (95% CI 22-31%), 32% (95% CI 28-36%), and 45% (95% ClI
38-52%) for RD, 8/8 URD, and 7/8 URD recipients, respectively (Table 3).

Relapse—Compared to RD recipients, 8/8 and 7/8 URD recipients had a decreased risk of
relapse (HR=0.77 [95% CI 0.62-0.97] and HR=0.75 [95% CI 0.56-1.00], respectively)
(Table 2). Adverse covariates for relapse included low KPS, non-white race, poor
cytogenetic profile with Philadelphia chromosome negative, conditioning regimen lacking
TBI, reduced intensity/non-myeloablative conditioning, transplants in CR2 with short CR1
duration, and advanced disease status at transplant. The adjusted 5-year cumulative
incidence of relapse was 43% (95% CI 38-48%), 33% (95% CI 29-37%), and 31% (95% ClI
25-36%) for RD, 8/8 URD and 7/8 URD recipients, respectively (Table 3).

Leukemia-free survival—There was no increased risk of treatment failure, defined as
death or relapse (the inverse of LFS), associated with 8/8 URD (HR=0.95 [95% ClI
0.81-1.12]) or 7/8 URD (HR=1.20 [95% CI 0.98-1.46]) recipients, when compared with RD
recipients (Table 2). Adverse covariates included age>52, low KPS, non-white race, poor
cytogenetic profile with Philadelphia chromosome negative, CsA use, transplant in CR2
after a short CR1, advanced disease status at HCT, and transplants prior to 2004. There was
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no significant difference in LFS when comparing myeloablative conditioning +/- TBI and
reduced intensity/non-myeloablative conditioning (Supplemental Table 1). The 5-year
probability of LFS, adjusted for other significant variables, was 32% (95% CI 27-36%), 34%
(95% CI 30-38%), and 25% (95% CI 20-30%) for RD, 8/8 URD and 7/8 URD recipients,
respectively (Table 3; Figure 2).

Graft-Versus-Host Disease—When compared to RD recipients, there was a greater risk
of acute GVHD in 8/8 URD (HR=2.18 [95% CI 1.76-2.70]) and 7/8 URD (HR=2.65 [95%
Cl 2.06-3.42]) (Table 2). Other adverse covariates for acute GVHD were the lack of use of
ATG/alemtuzumab, female recipient from male donor, use of CsA for GVHD prophylaxis,
and use of PBSC. Compared to RD recipients, 8/8 URD (HR=1.28 [95% CI 1.06-1.55]) and
7/8 URD (HR=1.46 [95% CI 1.14-1.88]) recipients had increased risk of developing
cGVHD (Table 2).

Cause of death—Table 4 summarizes the causes of death by donor source. The most
common cause of death was primary disease (47%, 38%, and 26% for RD, 8/8 URD, and
7/8 URD, respectively).

CR1 and CR2 Cohort Analyses—A subgroup analysis of outcomes restricted to
patients receiving HCT while in first complete remission (n=756) was performed, yielding
results largely similar to the results seen in the overall cohort (Supplemental Table 2). An
additional subgroup analysis restricted to patients receiving HCT either in CR1 or CR2 was
also performed, yielding the same results as the entire study population (data not shown).

Discussion

For adult patients with ALL, allogeneic HCT from a RD or URD has been shown to be a
potentially curative, life-saving treatment.16 We suspected a possible relationship between
relapse and TRM that is dependent on disease, due to the fact that each disease carries its
own unique population of patients varying in median age, co-morbidities, ability to tolerate
GVHD, and so forth. While a particular donor source may have high relapse rates and low
TRM in one disease, these outcomes may differ in other diseases. We therefore evaluated the
impact of donor source on allogeneic HCT outcomes in the setting of B-cell ALL.

Studies have looked at HCT outcomes among ALL patients as they relate to donor source
and have shown similar outcomes for RD and URD transplants; however, their patient
populations were limited in size.1516 We focused on a larger, more recent cohort of ALL
patients with high resolution HLA-matching performed on donors, which has contributed to
better outcomes in hematopoietic stem cell transplantation.1” Our results show no significant
difference between RD and 8/8 URD recipients in overall survival, leukemia-free survival,
and transplant-related mortality. In contrast, 7/8 URD recipients had a greater incidence of
adverse outcomes, with the multivariate model showing an increased risk of death from any
cause and transplant-related mortality. Recipients of 7/8 URD HCT had worse LFS
compared to RD and 8/8 URD, however this difference only reached statistical significance
when compared to 8/8 URD. We hypothesize that the 7/8 URD group's lower relapse rates
account for the similarity in LFS when compared to RD transplants. However, the 7/8 URD
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group's higher mortality risk can be attributed to the excessive TRM associated with this
donor source. Others have shown mismatched unrelated donor source to have a negative
impact on survival, however these studies were limited by small sample size or by restricting
their patient population to Philadelphia chromosome negative patients transplanted in first
remission.1819 We have confirmed these findings, and have done so over a broad spectrum
of ALL patients.

Tomblyn et al previously found similar outcomes when comparing RD with matched and
partially-matched unrelated donors, however their patient population was limited in size
(matched unrelated donor, n=19; partially-matched unrelated donor, n=23), and also focused
on an overall younger population.® Our study found that recipients age>52 was associated
with significantly worse OS compared to younger patients. Given that they also found
recipient age to have an impact on outcomes, their study's overall younger population may
account for some of the similarities in outcomes between related and unrelated donors. The
authors postulated that for patients transplanted in CR2, perhaps a longer duration of CR1
represented a prognostic indicator for risk of adverse outcomes, which our study has shown
to be true; OS, LFS, and relapse were all negatively impacted when patients were
transplanted in CR2 with a CR1 duration of <=30 months. Furthermore, when restricting our
population only to patients transplanted in CR1, we found results similar to that of the entire
study population.

Another aspect of HCT we aimed to address in this study was whether the graft-versus-
leukemia (GVL) effect plays a role in outcomes. Patients undergoing RIC HCT rely more on
the GVL effect of their transplant to prevent disease relapse.19 Reduced intensity
conditioning combined with RD transplant has been shown to be a viable option for those
not eligible for MAC, however, conditioning regimen intensity was only addressed for RD
transplants, without any comparison to URDs.20 Marks et al directly compared conditioning
regimens in adults with Philadelphia chromosome-negative ALL receiving RD or URD
transplants after undergoing full-intensity or reduced-intensity conditioning, finding similar
0S, LFS, and relapse rates regardless of conditioning intensity.2! We have also shown there
to be no difference in OS or LFS when comparing MAC with TBI versus MAC without TBI
versus RIC across all donor sources, however, given the small sample size of those receiving
chemotherapy-based myeloablative conditioning (n=164), the statistical power to detect a
difference is limited. Our multivariate analysis showed that URD recipients have a lower
relapse risk than RD recipients. The development of chronic GVHD has been previously
associated with decreased relapse rates.22 Mohty et al demonstrated that patients who
received a reduced intensity conditioning regimen and subsequently developed chronic
GVHD had greater OS than those without chronic GVHD.20 In our analysis, the URD
groups had a greater risk of cGVHD, which may account for the decreased risk of relapse in
these groups. While the URD groups had less risk of relapse, they did not benefit from
improved LFS, likely due to higher incidence of acute and chronic GVHD and subsequently
higher rates of TRM. Although URD recipients did suffer less frequent relapse, the
incidence in all three groups remains excessive, and further investigation should be made
into strategies to reduce this incidence.
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Additionally, while Philadelphia chromosome has traditionally been considered a prognostic
factor for adverse outcomes, 2324 Postow et al found that it may not be an adverse factor in
contemporary practice.2> Our results showed that presence of Philadelphia chromosome did
not have a negative impact on any outcomes, while Philadelphia chromosome negative
patients had greater risk of relapse compared to Ph+ patients. We speculate that this is due to
increased used of TKIs in the treatment of Philadelphia chromosome-positive ALL.

Historically, peripheral blood and bone marrow transplants have been shown to have similar
survival outcomes in both related and unrelated donor recipients with a wide array of
hematologic malignancies, though peripheral blood has been associated with greater
incidence of chronic GVHD.26:27 Qur study confirmed peripheral blood transplant as a risk
factor for cGVHD, as well as for acute GVHD. Furthermore, at >24 months post-HCT,
peripheral blood was associated with greater risk of TRM and all-cause mortality. The initial
results of BMT CTN 0201, a prospective trial comparing outcomes in BM vs PBSC
transplants, have shown similar OS, disease-free survival, and TRM between graft types,
higher rates of chronic GVHD in PBSC recipients, and superior 5-year psychological well-
being and quality of life scores in bone marrow recipients.2”-28 Given these results, as well
as our own findings, we recommend using BM grafts whenever possible.

In summary, our study confirms that in the absence of RD, use of 8/8 URD yields similar
survival, while 7/8 URD is associated with inferior survival. 8/8 URD was associated with
30% higher probability of chronic GVHD compared to RD. Therefore, despite similar
survival between 8/8 URD and RD, we conclude that RD remains the gold-standard. HCT
from an 8/8 URD should be considered a reasonable alternative when 8/8 URD is the only
available donor.

Future studies comparing haploidentical to 7/8 URD transplants will be critical in
determining optimal alternative donor type when a matched donor could not be identified.
These results should inform clinicians, patients, and researchers in their design of
prospective clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adjusted probability of overall survival in adult ALL patients by donor source
In multivariate analysis, 7/8 URD recipients had significantly greater risk of mortality

compared to RD and 8/8 URD recipients (HR 1.29, p=0.01 and HR 1.28, p=0.008,

respectively), while there was no difference in risk comparing RD and 8/8 URD (HR 1.01,

p=0.93).

Cancer. Author manuscript; available in PMC 2018 September 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Segal et al.

Page 12

Leukemia-free Survival
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Figure 2. Adjusted probability of leukemia-free survival in adult ALL patients by donor source
In multivariate analysis, 8/8 URD and 7/8 URD recipients had no difference in risk of

treatment failure compared to RD recipients (HR 0.95, p=0.55 and HR 1.20, p=0.07)
respectively. 7/8 URD had greater risk than 8/8 URD (HR 1.26, p=0.01).
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Table 1
Baseline characteristics of 1458 ALL patients undergoing allogeneic HCT from 2000-2011
and reported tothe CIBMTR
Variable RD 8/8 URD 7/18 URD P
N 440 729 289
Median age (range) 41 (18-69) 36(18-68) 34(18-68) pppro*
Recipient Age (years) 002247
<52 363 (83) 585(80) 253 (88)
> 52 77 (17) 144 (20) 36 (12)
Sex 015621
Male 256 (58) 431(59) 152 (53)
Female 184 (42) 298 (41) 137 (47)
Karnofsky Performance Score 051021
=90 268 (61) 435 (60) 187 (65)
<90 150 (34) 245 (34) 89 (31)
Missing 22 (5) 49 (6) 13 (4)
Race <0001%
Caucasian 355 (81) 664 (91) 242 (84)
African American 26 (6) 18 (3) 22 (8)
Asian 15 (3) 15 (2) 6 (2)
Pacific Islander 2(<1) 1(<1) 0
Native American 0 5(1) 2(<1)
Other 42 (10) 26 (4) 17 (6)
WBC count at diagnosis 016211
< 30 x 10(&005E) 9/mm? 275 (63) 431 (59) 171 (59)
> 30 x 10(&005E)9/mm?3 102 (23) 207 (28) 68 (24)
Missing 63 (14) 91 (12) 50 (17)
Cytogenetics & <0001
Diploid 163 (37) 218 (30) 89 (31)
Intermediate (1-2 abnormalities) 52 (12) 77 (11) 25(9)
Poor, Ph+, TKI used 97 (22) 58 (8) 33 (11)
Poor, Ph+, TKI not used 49 (11) 153 (21) 52 (18)
Poor, Ph+, TKI unknown 2 (<1) 21(3) 4(1)
Poor, Ph- 56 (13) 105 (14) 45 (16)
Missing 21 (5) 97 (13) 41 (14)
Disease status at transplant <0001 %
First Complete Remission (CR1) 275 (62) 353 (48) 128 (44)
CR2 69 (16) 193 (26) 72 (25)
CR3+ 10 (2) 27 (4) 23(8)
Never treated 0 1(<1) 0
PIF 21 (5) 45 (6) 12 (4)
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Variable RD 8/8 URD 7/18 URD P
First relapse 47 (11) 70 (10) 34 (12)
Second relapse 16 (4) 38 (5) 19 (7)
Third or greater relapse 2 (<1) 2 (<1) 1(<1)
Time from diagnosisto CR1 069597
< 4 weeks 66 (15) 119 (16) 50 (17)
> 4 weeks 286 (65) 500 (69) 183 (63)
Missing 88 (20) 110 (15) 56 (19)
Duration of CR1 for CR2 patients 019857
< 30 months 34 (8) 104 (14) 45 (16)
> 30 months 17 (4) 60 (8) 14 (5)
Missing 389 (88) 565 (78) 230 (79)
Donor Age (years) <0001
<33 138 (31) 253 (35) 73 (25)
33-50 177 (40) 260 (36) 117 (40)
> 50 106 (24) 33(5) 23 (8)
Missing 19 (4) 183 (25) 76 (26)
Donor/Recipient sex match <0001
M/M 145 (33) 319 (44) 95 (33)
M/F 111 (25) 109 (15) 57 (20)
F/M 95 (22) 177 (24) 75 (26)
FIF 89 (20) 120 (17) 59 (20)
Missing 0 4 (<1) 3(1)
Recipient CMV status <0001
Positive 226 (51) 220 (30) 93 (32)
Negative 191 (43) 437(60) 156 (54)
Missing 23 (5) 72 (10) 40 (14)
Conditioning regimen 065141
Myeloablative + TBI 346 (79) 567 (78) 227 (78)
Myeloablative — TBI 51 (12) 79 (11) 34 (12)
Non-myeloablative/Reduced Intensity 37 (8) 82 (11) 28 (10)
Missing 6 (1) 1(<1) 0
GVHD prophylaxis 01376 %
FK506 +/- others 309 (70) 532 (73) 210 (73)
CSA +/- others 119 (27) 191 (26) 76 (26)
Other prophylaxis 12 (3) 6 (1) 3()
Antithymocyte Globulin/Alemtuzumab use <0001
Yes 19 (4) 144 (20) 76 (26)
No 388 (88) 568 (78) 201 (70)
Missing 33(8) 17 (2) 12 (4)
Transplant year <oo01™
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Variable RD 8/8 URD 7/18 URD P
2000-2003 83 (19) 193 (26) 88 (30)
2004-2007 174 (40) 372(51) 138 (48)
2008-2011 183 (41) 164 (23) 63 (22)

Graft type <oo01 ™
Bone marrow 43 (10) 238 (33) 104 (36)
Peripheral blood 397 (90) 491 (67) 185 (64)

Median follow-up, months (range) 46 (12-140) 61 (7-145) 72 (8-145)

*
Kruskal-Wallis test
7 o
Pearson's chi-square test

’tFisher's exact test

DPoor cytogenetics defined as Ph+/t(9;22), t(4;11), 11923, MLL, hypodiploid, t(8;14), or =23 abnormalities
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Causes of death in adult ALL patientsundergoing allogeneic HCT from 2000-2011

Table 4

Cause, n (%) RD  &8URD 7/BURD p-gg024*
Primary disease 117 (47) 174 (38) 56 (26)
New malignancy 3(1) 5(1) 1(<1)
GVHD 27(11)  59(13)  36(17)
Interstitial Pneumonitis 15 (6) 21 (5) 17 (8)
Infection 43 (17) 83(18) 33(16)
Organ failure 28 (11) 73 (16) 42 (20)
Other cause 18 (7) 46 (10) 27 (13)

*
Fisher's exact test
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