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Introduction: While allogeneic hematopoietic cell transplant (alloHCT) offers cures for older
patients with acute lymphoblastic leukemia (ALL), disease relapse remains a major issue. Whether
matched sibling donors (MSD) are still the preferred donor choice compared to younger matched
unrelated donors (MUD), in the contemporary era of improved transplant practices, remains
unknown.

Methods: This retrospective cohort registry study queried the Center for International Blood
and Marrow Transplant Research database (CIBMTR) data in B-cell ALL patients 50 years or
older, undergoing alloHCT from older MSDs (donor age = 50) or younger MUDs (donor age <
35) between 2011 and 2018. The study included common allograft types, conditioning regimens,
and graft versus host disease (GVHD) prophylaxis strategies. The primary outcome was relapse
risk whereas secondary outcomes included non-relapse mortality (NRM), GVHD, leukemia-free
survival (LFS), and overall survival (OS).

Results: Among 925 eligible patients in the study cohort, 386 underwent alloHCT with an older
MSD (median donor age, 58) whereas 539 received transplant from a younger MUD (median
donor age, 25). In multivariable analysis, younger MUDs conferred a significantly decreased risk
of relapse (HR 0.68; p=.002) vs older MSDs. The adjusted cumulative incidence of relapse at

5 years was significantly lower with younger MUDs compared to older MSDs (26% vs 37%);
p=.001). Younger MUDs were associated with a greater risk of chronic GVHD compared to

older MSDs (HR 1.33; 95% CI, 1.10-1.61; p=.003). Compared to older MSDs, younger MUDs
conferred an increased NRM (HR 1.38; p=.02) and higher adjusted cumulative incidence of NRM
at 5 years (31% vs 22%; p=.006). There were no differences in OS or LFS rates of alloHCT with
younger MUDs vs older MSDs (OS: HR 1.09; p=.37; DFS: HR 0.95; p=.57).

Conclusion: Younger MUDs could be considered as a possible way to prevent relapse after
alloHCT in older adults with ALL. Combining the use of younger MUDs with improved strategies
to reduce GVHD is worth further exploration to improve outcomes.
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INTRODUCTION:

The ageing population has resulted in an increase in the incidence of adult acute
lymphoblastic leukemia (ALL). While the incidence of ALL is bimodal, the median age

of diagnosis in adults is 56 years (SEER database)!. Allogeneic hematopoietic cell transplant
(alloHCT) offers cure for adult patients with ALL2%. Incorporation of reduced intensity
conditioning (RIC) has made an increasingly older population eligible for alloHCT resulting
in an increase in its utilization over time>6. With the increasing median ages of patients,
HLA-matched sibling donors (MSD) for these patients are likely to be older, often with

a higher comorbidity burden. Older donor age impacts alloHCT outcomes via several
mechanisms. Senescence is associated with shorter leukocyte telomere lengths shown to
increase post-transplant non-relapse mortality (NRM)’. Additionally, a higher risk of clonal
hematopoiesis of indeterminate potential (CHIP), impaired regenerative potential of stem
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cells, and age-related gut dysbiosis may impact T-cell subtypes and alter the graft versus
host (GvH) and graft versus leukemia (GvL) balance8-11,

AlloHCT from MSD has historically been considered the ideal choice for transplant

in ALL, due to lower incidence and severity of graft-versus-host-disease (GVHD)2,
Studies pre-dating modern HCT practices established MSD as the standard-of-care (SOC)
donor type!3-18. GVHD, relapse, NRM, and survival outcomes were superior with MSD
compared to MUD donor types. However, transplant practices have improved considerably
over the last few years. GVHD prophylaxis strategies, infection prevention, surveillance,
and diagnostic methods, advancements in preparative conditioning regimens resulting in
decreased NRM, have improved HCT outcomes and have afforded the elderly population
increased HCT access'9. Consequently, there has been a dramatic increase in the proportion
of older patients undergoing HCT in recent years. According to the recent Center for
International Blood and Marrow Transplant Research (CIBMTR) HCT trend analysis, 26%
of all alloHCT recipients were older than 65 years in 2019 compared to only 2% in the
year 200019, Further, ALL continues to account for one of the commonest indications for
alloHCT. A four-decade trend analysis by CIBMTR demonstrated a decline in NRM and
GVHD but an increase in relapsel®. Hence, relapse reduction continues to remain the most
critical unmet need in the contemporary transplant eral9.20.

Evolving evidence in other disease settings indicates that younger MUD may confer superior
outcomes, particularly relapse, as compared to conventional MSD donors2L. However, in
patients with adult ALL, data either predate modern HCT practices or are limited to small
single-center studies. A recent single-arm, prospective trial (UKALL-14), conducted in 249
adult patients with ALL undergoing RIC-alloHCT in CR1, reported encouraging survival
outcomes and showed a lower relapse risk with unrelated donors?2. The current study
specifically aimed to address a practical question comparing relapse rates between older
patients with B-cell ALL undergoing standard alloHCT from an older MSD vs a younger
MUD (age cutoff <35 based on recent studies)21:23.

METHODS:

Study aims:

The aim of the study was to compare relapse, NRM, GVHD, leukemia-free survival (LFS),
and overall survival (OS) in older adult patients with ALL undergoing alloHCT either from
older MSDs or younger MUDs.

Data sources:

The CIBMTR is a working group of more than 500 transplant centers worldwide that
provide detailed patient, disease, transplant characteristics, and outcomes of consecutive
transplantations. The registry prospectively collects mandatory data on all consecutive
alloHCT performed in the United States (US) and holds the contract for the national

Stem Cell Therapeutic Outcome Database (SCTOD) as part of the Stem Cell Therapeutics
and Research Act (i.e., Stem Cell Act 2005). All subjects whose data were included in
this study provided institutional review board (IRB)-approved consent to participate in the

Transplant Cell Ther. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Abid et al.

Page 4

CIBMTR research database and have their data included in observational research studies.
The IRB of the Medical College of Wisconsin and the National Marrow Donor Program
(NMDP) approved this study. Protected health information used in conducting such research
is collected and maintained in the capacity of the CIBMTR as a public health authority
under the Health Insurance Portability and Accountability Act Privacy Rule.

Data collection and criteria for selection:

This retrospective, 2-cohort study from CIBMTR included data in B-cell ALL patients 50
years or older. First alloHCT from older (donor age>50) MSDs or younger (donor age<35)
MUDs between 2011 and 2018 were included. The study included common stem cell

(SC) sources (peripheral blood [PB] vs bone marrow [BM]), conditioning regimens (RIC/
non-myeloablative conditioning [NMA] vs myeloablative conditioning [MAC]), and GVHD
prophylaxis strategies (tacrolimus-based vs cyclosporin-based vs. others). Major exclusion
criteria were recipients of ex vivo T-cell depleted or CD34 selected allografts, mismatched
unrelated donor, haploidentical donor, cord blood or identical twin transplants. Further,
patients who received post-transplant cyclophosphamide (PTCy) for GVHD prophylaxis
were also excluded to ensure homogeneity. The cohort selection process is given in table S1.

Definitions and study endpoints:

The primary outcome was relapse rates whereas secondary outcomes included NRM,
GVHD, LFS, and OS. CIBMTR defines MUD as an unrelated donor who is 8/8 fully
HLA-allele matched (matched at HLA-A, HLA-B, HLA-C, and HLA-DRB1) and MSD

as a sibling donor who is 8/8 HLA-matched (allele level matching of HLA-A, B, C, and
DRB1)?4. GVHD was defined per the NIH consensus criteria2>. LFS was defined as survival
following alloHCT without leukemia relapse/progression. Relapse, progression of disease,
or death were considered events. NRM was defined as death without relapse/progression
with relapse accounted as the competing event. Correspondingly, NRM was the competing
event for relapse. Death from any cause was considered an event and surviving patients were
censored at the time of last follow-up. The causes of death (COD) were described.

Statistical analysis:

Baseline characteristics of the study population were summarized using descriptive statistics
with median and range for continuous variables and proportions for categorical variables.
Cumulative incidence (CI) estimates were calculated for competing risks outcomes. The
Kaplan-Meier method was used to estimate the probabilities for survival. To evaluate
potential risk factors, multivariable cox regression was used. The proportional hazards
assumption was examined and covariates that violated the proportional hazards assumption
were added as time-dependent covariates. A stepwise selection method was used to identify
the final model. Due to the potential for recipient age to influence outcomes, it was

forced on all multivariable models. Interactions between the main effect (donor age)

and significant risk factors were tested. Fine and Gray model was used for NRM and
relapse. In multivariable regression models, various covariates [patient age, race/ethnicity,
gender match, CMV match, Philadelphia (Ph) chromosome status, ALL cytogenetic risk
score, CR and measurable residual disease (MRD) status at HCT, comorbidities score
(HCT-CI), Karnofsky performance status (KPS), interval between diagnosis and transplant,
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conditioning regimen intensity, SC source (PB vs BM), GVHD prophylaxis, in vivo T-cell
depletion (anti-thymocyte globulin [ATG]/alemtuzumab), transplant year, and center effect]
were considered. Adjusted probabilities of LFS and OS and adjusted CI estimates were
generated from the final regression models stratified on treatment and weighted averages of
covariate values using the pooled sample proportion as the weight function. These adjusted
probabilities estimate likelihood of outcomes in populations with similar prognostic factors.
The influence of center effect was tested on the main effect for all outcomes and adjusted
accordingly. All analyses were performed at a significance level p<0.05 using SAS 9.4 (SAS
Institute, Cary, NC).

Baseline characteristics:

Relapse:

Among 925 eligible patients in the study cohort, 386 underwent alloHCT from an older
MSD whereas 539 received alloHCT from a younger MUD. Baseline characteristics of the
study cohort are summarized in table 1. Median recipient age was 59 years (range: 50-75)
in the older MSD arm and 60 years (range: 50-77) in the younger MUD arm. Both study
groups were uniform in terms of performance status, comorbidity burden, proportion of
patients with Ph+ALL, those with poor-risk cytogenetics, remission and MRD status, and
the time from diagnosis to alloHCT (median, 5 months).

As planned, the donor age was significantly lower in the MUD cohort (median age, 25 years
[range, 18-35]) compared to the MSD cohort (median age, 58 years [range, 50-75]) (p<.01).
Other differences are summarized in table 1. Among ALL patients who underwent MAC,

a lower proportion among younger MUD cohort received MAC-TBI compared to those in
the MSD group (23% vs 31%, p<.01). The median follow-up of patients in MSD and MUD
cohorts was 52 months (range, 3-112) and 49 months (range, 12-110), respectively (p=.02).

Relapse risk was significantly lower among recipients of younger MUD donor type at all
timepoints in univariate analysis (p=.004) (table S2). At 5 years, an alloHCT from younger
MUDs was associated with 26.3% (95% Cl, 22.3-30.4%) relapse compared to 35.3% (95%
Cl, 30.3-40.5%) with older MSDs (p=.006) (table S2). In multivariable analysis, younger
MUDs conferred a significantly decreased risk of relapse vs older MSDs (HR 0.68; 95%
Cl, 0.53-0.87; p=.002) (Table 2; Figure 1a). The adjusted CI of relapse at 5 years was
significantly lower with younger MUDs compared to older MSDs (26% vs 37%; p=.001)
(Table 3). Other significant predictors of increased relapse included older patient age, a
longer interval between diagnosis and alloHCT beyond 6 months, and disease not in CR1
(table S3).

Chronic graft-versus-host disease:

Younger MUDs were associated with a greater risk for chronic GVHD both in univariate
(table S2) and multivariate analysis (HR 1.33; 95% CI, 1.10-1.61; p=.003) compared to
older MSDs (Table 2; Figure S1). The adjusted 1-year (46% vs 38%; p=.02) and 3-year
incidences (61% vs 50%; p=.001) of chronic GVHD were significantly greater with younger
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MUDs compared to older MSDs (Table 3). Other factors significantly associated with
increased chronic GVHD included PBSC source and female-donor-male-recipient pairs,
whereas /in vivo T-cell depletion conferred a decreased chronic GVHD risk (table S3).

Non-relapse Mortality:

In univariate analysis, younger MUDs were associated with a greater NRM at 5 years
compared to older MSDs (30.5% vs 21.2%, p=.003) (table S2). In multivariable analysis,
an alloHCT from younger MUDs was associated with an increased NRM risk compared to
older MSDs (HR 1.38; 95% ClI, 1.05-1.82; p=.02) (Table2; Figure 1b). The adjusted CI of
NRM at 5 years was also significantly higher in B-ALL patients who underwent alloHCT
from younger MUDs compared to older MSDs (31% vs 22%; p=.006) (Table 3). The only
other significant predictors of increased NRM were diseases not in CR1 at the time of
alloHCT (table S3).

Survival:

There was no significant differences in OS or LFS rates between the 2 donor types in
univariate analysis at 5 years (OS 49% in MUD vs 52% in MSD, p=.43; LFS 43% in each,
p=.96) (table S2), multivariate analysis (OS, HR 1.09 [95% CI, 0.90-1.32], p=.37; LFS, HR
0.95 [95% ClI, 0.79-1.14], p=.57) (Table 2; Figure 2a&b), or in the adjusted 5-year OS and
LFS probability (OS, 48% in younger MUDs vs 51% in older MSDs, p=0.37; LFS, 44%
with younger MUDs vs 42% with older MSDs, p=.59) (Table 3). Other significant predictors
of LFS included recipient’s age and disease not in CR1 whereas the only significant OS
predictor was Philadelphia chromosome status (table S3).

Cause of death:

Compared to the younger MUDs, there was a trend for greater death due to relapse in the
older MSD cohort. Common CODs included primary disease (16% in MUD, 22% in MSD),
GVHD (6% in MUD, 4% in MSD), infections (6% in MUD, 5% in MSD), and organ failure
(4% each) (table S4).

DISCUSSION:

An ever-increasing number of older patients are being diagnosed with ALL and are living
longer. The past decade has also seen a marked rise in the average age of patients receiving
HCT and increasing numbers of MUD transplants!®. Newer induction and consolidation
regimens have afforded an increased proportion of elderly patients greater access to
alloHCT. However, there are no data comparing the 2 most common donor types (older
MSD vs younger MUD) in the contemporary transplant era that has witnessed significantly
improved GVHD prophylactic strategies resulting in lowered NRMZ9, In this CIBMTR
study, including 925 patients older than 50 years, we found that younger MUDs were
associated with a 32% reduction in the risk of relapse events compared to older MSDs. At
5 years, the cumulative incidence of relapse with younger MUDs was significantly lower
compared to older MSDs (26% vs 37%). In the modern era where the use of pediatric
protocols is increasing in the older population, many of those requiring a transplant are

at a higher risk of relapse due to underlying genetic profile, previous relapse or not
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achieving or maintaining a negative MRD state26:27. Qutcomes of patients with relapsed
ALL have been poor, but salvage options are increasing and allowing more patients to get
to a first and sometimes a second transplant28-30, Given that disease relapse continues to
remain the major cause of transplant failure1%20 and other causes of transplant failure are
potentially modifiable, our findings are significant and guide transplant centers in optimal
donor selection when both are available.

When comparing our results to prior analyses conducted in ALL, it is important to note
that most prior reports either predated the contemporary transplant practices and the use

of modern chemotherapy regimens and other cellular therapies, had a small sample size,
were conducted at a single center, or included a heterogeneous cohort of patients, including
pediatric and adult ALL patients. A retrospective multicenter analysis conducted at 9
European HCT centers in 221 adult ALL patients reported a statistically significant LFS
benefit with alloHCT from MSDs compared to MUDs. However, when the impact of donor
type was analyzed on LFS in the context of disease status, there was no difference between
the 2 donor types!3. Meta-analyses of trials conducted until 2007 (n=1274) confirmed a
beneficial effect of alloHCT from an MSD4. Similarly, a larger study from the Japanese
HCT registry examining 1139 patients with Ph-negative ALL in CR1 showed no difference
in 4-year OS between the 2 donor types — MSD and MUD, 65% vs 62% respectively (p =
0.19)16,

While small prior studies demonstrated that donor-recipient HLA disparity and older donor
age conferred inferior survival31-32, more recent reports in other disease settings indicate
better outcomes (particularly relapse) with younger MUDs compared to older MSDs2L. Prior
to the current study, one other study demonstrated similar results in patients with ALL but
the study was heterogenous as it included several donor types and was not specific to older
adults. That CIBMTR study, examining alloHCT outcomes by donor types in nearly 1450
adult (=18 years) ALL patients between 2000-2011, showed that compared with MSD,

8/8 MUD were associated with a lower relapse risk, greater GVHD, but similar TRM,

and survival®. An older NMDP analysis in 127 poor-risk adult ALL patients undergoing
alloHCT with an MUD showed encouraging survival and a stronger GVL effect associated
with a lowered relapse’8.

Concurrent with significant relapse reduction with younger MUDs, HCT-associated NRM
increased with younger MUDs in the current analysis. Among those with available COD
data, there were also fewer relapsing patients among the younger MUD arm than the older
MSDs. Lack of survival benefit despite significant relapse reduction with younger MUD
is likely due to increased chronic GVHD and NRM. This is consistent with previous data
as well as with our recent inclusive CIBMTR analysis in which we compared haploHCT
with PTCy (haploCy) with all other donor types in ALL patients and found no significant
differences in OS rates. However, GVHD and NRM were increased with younger MUDs
(NRM HR, 1.42; p=.02), compared to haploCy33. Another similar study comparing donor
types (haploCy vs MUD) and donor age (<35 and >35) showed that older donor age was
independently associated with inferior OS, whereas donor type (including haploHCT using
PTCy) was not34, Importantly, the relapse reduction in the current study was pronounced
starting 6 months post-transplant (Fig 1a) which may indicate a stronger GVL effect with
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younger MUDs, in congruence with previous datal83%, The relapse reduction with unrelated
donors in ALL is also in alignment with the UKALL14 results discussed above?2.

Although the conventional donor choice is MSD, these donors are likely to be older and
have age-related T-cell exhaustion resulting in a diminished GVL effect36:37. Younger
donor age is associated with reduced relapse risk likely due to more robust donor-derived
immunity, lesser CHIP, greater germline single nucleotide polymorphisms discordance,
lower secondary events or inherited susceptibility to myeloid malignancies resulting in
decreased early relapse compared to older donors3.

While the time to alloHCT is more important than donor matching in high-risk patients, it is
imperative that the time involved in finding a younger MUD does not compromise alloHCT
outcomes in racial/ethnic minority groups!2:39. Use of haploHCT is bridging the alloHCT
access gap for patients from racial and ethnic groups other than non-Hispanic whites!2.

As the CIBMTR does not capture data on physicians/centers’ discretion and choices, it

is plausible that this decision could impact the results. However, there was no difference
between the 2 arms in terms of the interval between diagnosis and transplant (5 months in
each). Additionally, the important variables of ‘time from diagnosis to alloHCT” as well as
‘center effect” were controlled for. The homogeneity of ALL in CR1 and CR2 ‘only’ further
minimizes that chance of physicians/centers’ discretion may have impacted the results in

a significant manner. Additionally, according to the most recent NMDP data, the median
time to find an MUD donor is 88 days (range: 17-183 days)%, which is considerably
shorter than the median time of 5 months in each of our 2 study arms. Notably, albeit

the time from diagnosis to alloHCT was comparable in the 2 study arms, our results may
not be applicable when the search for MUD might take longer than the current projected
NMDP timelines. Similarly, the possibilities of ALL cytogenetic risk, Ph+ status, and MRD
status (for patients in CR1) affecting the alloHCT timing and donor choice were thoroughly
assessed in multivariable models and no significant associations were found.

Despite the large sample size, limitations of the current analysis include lack of information
related to genetic mutations, donor clonal hematopoiesis, T-cell repertoire kinetics, and
physicians’ decisions. Secondly, granular information was unavailable on acute GVHD or
the severity of chronic GVHD due to data transitions within the registry. Additionally, while
the limitations inherent with retrospective studies remain, the sample size and strengths
associated with the CIBMTR registry (collection of high-quality data on all consecutive
alloHCT patients) mitigate some of these limitations, particularly given that a prospective
randomized clinical trial comparing these two donor types is not feasible. Lastly, PTCy

is likely to become the standard GVHD prophylaxis given the recent Blood and Marrow
Transplant Clinical Trials Network (BMTCTN) study results; hence, future analyses will be
needed once the PTCy practice is widely accepted®!.

CONCLUSION:

This is the largest study to date examining older ALL patients in a mature, registry cohort in
consecutive alloHCT data and found significant and homogenous relapse reduction in adult
B-ALL patients who underwent alloHCT with younger MUDs compared to older MSDs.
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The recent expansion in GVHD therapeutic landscape is expected to lower the incidence/
severity of GVHD, and related NRM, and will hopefully translate into a survival advantage.
The results aid in donor selection and guide physicians and transplant centers in decision
making in real-world clinical scenarios when both donor types are available, particularly if
the search for an MUD is likely to not take longer than MSD. The results further suggest
that a younger MUD should be selected when relapse reduction is a stronger consideration
than NRM such as those at a higher risk for post-alloHCT relapse. Further, combining the
use of MUDs younger than 35 with improved strategies to reduce GVHD is worth further
exploration to improve outcomes of adult patients with ALL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS:

. Younger MUDs (donor age <35) are associated with a significantly decreased
risk of relapse (HR 0.68; p=.002) compared to older MSDs (donor age >50).

. Younger MUDs are associated with a greater risk of chronic GVHD and an
increased NRM compared to older MSDs.

. Greater NRM likely abrogates the survival advantage, driven by reduced
relapse risk with younger MUDSs, and combining the use of younger MUDs
with improved strategies to reduce GVHD is worth further exploration to
improve outcomes.
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Figure 1B: Non-Relapse Mortality
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Figure 2B: Overall Survival
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Baseline characteristics

Table 1:

Page 16

Characteristic Matched sibling donor | Matched unrelated donor | P Value
No. of patients 386 539
Patient-related
Age at HCT - median (min-max) 59 (50-75) 60 (50-77) 0.01%
Age at HCT - no. (%) <014
50-59 227 (59) 260 (48)
60-69 150 (39) 246 (46)
>=70 9(2) 33(6)
Karnofsky score at HCT - no. (%) 0.344
90-100 208 (54) 265 (49)
<90 175 (45) 268 (50)
Missing 3(1) 6(1)
HCT-CI - no. (%) 0.464
0 69 (18) 88 (16)
1 53 (14) 63 (12)
2 60 (16) 74 (14)
3+ 201 (52) 312 (58)
Missing 3(1) 2(0)
Race and Ethnicity - no. (%) <.014
White non-Hispanic 276 (72) 488 (91)
Black or African American non-Hispanic 18 (5) 3(1)
Asian non-Hispanic 15 (4) 8(1)
Hispanic 66 (17) 26 (5)
Other 3(1) 4(1)
Missing 8(2) 10 (2)
Disease-related
Ph+ status - no. (%) 0.654
No 192 (50) 256 (47)
Yes 188 (49) 271 (50)
Missing 6(2) 12(2)
Cytogenetic score - no. (%) 0.064
Normal 50 (13) 49 (9)
Poor 233 (60) 319 (59)
Other 48 (12) 60 (11)
Missing 55 (14) 111 (21)
Disease status at time of HCT - no. (%) 0.354
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Characteristic Matched sibling donor | Matched unrelated donor | P Value
1st complete remission 339 (88) 462 (86)
2nd complete remission 47 (12) 77 (14)
MRD (for CR1 only) - no. (%) 0.434
Negative 185 (48) 268 (50)
Positive 142 (37) 173 (32)
N/A, Disease status not in CR1 47 (12) 77 (14)
Missing 12 (3) 21 (4)
Time)z from diagnosis to HCT (months) for CR1 cases - median (min- 5 (2-63) 5 (2-114) <018
max
Transplant-related
Graft type - no. (%) <014
Bone marrow (BM) 11 (3) 75 (14)
Peripheral blood (PB) 375 (97) 464 (86)
Conditioning regime - no. (%) <014
MAC 209 (54) 228 (42)
RIC/NMA 165 (43) 282 (52)
Missing 12 (3) 29 (5)
Conditioning regime - no. (%) <014
MAC-CHEMO 90 (23) 104 (19)
MAC-TBI 119 (31) 124 (23)
RIC/NMA 165 (43) 282 (52)
Missing 12 (3) 29 (5)
Donor/recipient sex match - no. (%) <014
M-M 125 (32) 207 (38)
M-F 77 (20) 185 (34)
F-M 87 (23) 53 (10)
F-F 97 (25) 90 (17)
Missing 0(0) 4(1)
Donor/recipient CMV serostatus - no. (%) <014
++ 168 (44) 163 (30)
e 47 (12) 47 (9)
-+ 82 (21) 195 (36)
-/~ 85 (22) 134 (25)
Missing 4(1) 0(0)
Donor age - median (min-max) 58 (50-75) 25 (18-35) <010
Donor age - no. (%) <014
1-19 0 (0) 33 (6)
20-29 0 (0) 421 (78)
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Characteristic Matched sibling donor | Matched unrelated donor | P Value
30-39 0 (0) 78 (14)
50-59 244 (63) 0(0)
60-69 132 (34) 0(0)
70-79 10(3) 0(0)
Missing 0(0) 7(1)
GVHD-Prophylaxis - no. (%) 0.124
FK-based 330 (85) 481 (89)
CSA-based 52 (13) 50 (9)
Other 4(1) 8 (1)
In-vivo T-cell depletion (ATG/alemtuzumab) - no. (%) <014
No 366 (95) 347 (64)
Yes 20 (5) 192 (36)
Year of HCT - no. (%) 0.024
2011 24 (6) 35 (6)
2012 11 (3) 38(7)
2013 36 (9) 51 (9)
2014 72 (19) 71 (13)
2015 60 (16) 70 (13)
2016 56 (15) 71 (13)
2017 57 (15) 106 (20)
2018 70 (18) 97 (18)
Follow-up - median (range) 52 (3-112) 49 (12-110)

Hypothesis testing:
a .
Pearson chi-square test

eruskaI—WalIis test
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Multivariable analyses of the impact of donor age (MUD vs MSD) on alloHCT outcomes

Table 2:

Outcome No. of patients HR (95% CI) P-value
Relapse:
MSD 385 1.00 (Reference) 0.002
MUD 519 0.68 (0.53-0.87)
NEM:
MSD 385 1.00 (Reference) 0.02
MUD 519 1.38 (1.05-1.82)
Chronic GVHD
MSD 386 1.00 (Reference) 0.003
MUD 537 1.33 (1.10-1.61)
LFS:
MSD 385 1.0 (Reference) 0.57
MUD 519 0.95 (0.79-1.14)
0s:
MSD 386 1.0 (Reference) 0.37
MUD 539 1.09 (0.90-1.32)
OS (Center effect):
MSD 386 1.0 (Reference) 0.39
MUD 539 1.09 (0.90-1.32)

Abbreviations:

Page 19

AlloHCT, allogeneic hematopoietic cell transplant; ALL, acute lymphoblastic leukemia; MSD, HLA-matched sibling donors; MUD, matched

unrelated donor; NRM, Non-relapse mortality; GVHD, graft-versus-host-disease; LFS, leukemia-free survival; OS, overall survival.
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Table 3:

5-year adjusted Cl of relapse and NRM and survival probability.

Outcome No. of patients at risk % (95% CI) P-value
Relapse:
MSD 81 37% (32%-43%) 0.001
MUD 98 26% (22%-30%)
NRM:
MSD 81 22% (18%-27%) 0.006
MUD 98 31% (26%-35%)
Chronic GVHD (1-year ClI)
MSD 37 38% (33%-43%) 0.02
MUD 73 46% (41%-50%)
Chronic GVHD (3-year Cl,
MSD 37 50% (45%-55%) | 0.001
MUD 73 61% (57%—-65%)
LFS:
MSD 81 42% (37%-47%) | 0.56
MUD 98 44% (40%-49%)
0s:
MSD 79 51% (45%-56%) 0.37
MUD 92 48% (43%-52%)

Abbreviations:

Page 20

AlloHCT, allogeneic hematopoietic cell transplant; ALL, acute lymphoblastic leukemia; MSD, HLA-matched sibling donors; MUD, matched

unrelated donor; NRM, Non-relapse mortality; GVHD, graft-versus-host-disease; LFS, leukemia-free survival; OS, overall survival.
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