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Abstract: The purpose of this retrospective study was to study the correlation between donor age (DA)
and non-relapse mortality (NRM) and relapse incidence (RI) among patients treated with allogeneic
hematopoietic cell transplantation (aHCT) for acute myeloid leukemia (AML) or myelodysplastic
syndrome (MDS) in a single Canadian center. Data from 125 consecutive patients transplanted with
a matched related or unrelated donor between 2015 and 2020 were analyzed using multivariable
models. After a median follow-up of 2.8 years, the cumulative incidences of NRM and relapse were
19% and 35% at 5 years. Despite being independently associated with NRM and relapse-free survival
(RFS), DA was not associated with RI. The independent determinants of NRM in addition to DA
were patient age and hematopoietic cell transplantation comorbidity index (HCT-CI), independently
of donor kinship. The effect of DA on NRM was found to be significantly increased over the age
of 50 years. DA was not associated with incidence of acute graft-versus-host disease (aGVHD) but
showed an association with the occurrence of chronic GVHD (cGVHD). In conclusion, younger
donors should be favored to limit NRM and increase RFS in HLA-matched aHCT. The etiological
mechanisms behind the association of DA with higher NRM remain to be elucidated.

Keywords: acute myeloid leukemia; myelodysplastic syndrome; allogenic hematopoietic cell
transplantation; donor age; non-relapse mortality; graft-versus-host disease

1. Introduction

Allogeneic hematopoietic cell transplantation (aHCT) is the only curative treatment for
most myeloid hematological malignancies [1]. In addition to the risk of malignancy relapse,
many factors compromise the full curative potential of aHCT, such as drug-induced organ
toxicity, infections and graft-versus-host disease (GVHD) [1,2]. Thus, determining the
clinical variables leading to such complications may help predict the outcome for patients
undergoing aHCT.

The median age of adult patients diagnosed with acute myeloid leukemia (AML)
and myelodysplastic syndrome (MDS) is 65 and 75 years old, respectively, with both
diseases being the main indications of aHCT in adults [3]. With the reduction in aHCT-
related toxicity [4], the procedure has become accessible to older patients and those with
comorbidities [1,3,5]. In clinical practice, an HLA-matched sibling donor remains the first
option [6], leading to a progressive increase in the age of HLA-matched related donors, as
their siblings are of similar age.
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In past studies, younger donor age (DA) has generally been correlated with benefi-
cial outcomes, but its differential effect on survival, relapse, non-relapse mortality (NRM)
and acute and chronic GVHD (aGVHD and cGVHD) remains unclear [7–12]. Further-
more, most studies looking at the impact of DA on the outcomes have included various
transplant indications, conditioning regimens, GVHD prophylaxis and pooled data from
different centers.

The aim of this study was to determine the association between DA and the outcomes
of aHCT for AML and MDS among patients treated according to similar procedures in a
single center. Our hypothesis was that younger donors are associated with better outcomes
following aHCT with a lower incidence of NRM and GVHD.

2. Materials and Methods

In this retrospective observational cohort, we included all consecutive adult subjects
who underwent their first HLA-matched (8/8) aHCT between 1 July 2015 and 30 June
2020 at our institution. The exclusion criteria were: aHCT from a haploidentical donor,
single or double cord blood unit transplants or an experimentally manipulated graft.
Data were collected from electronic medical records after approval from the Research
Ethics Committee.

The primary outcome was the cumulative incidence (CI) of NRM according to DA.
The secondary outcomes included cumulative incidences of relapse, aGVHD, cGVHD and
relapse-free survival.

Statistical Analysis

The Kaplan–Meier method was used for the estimation of overall and relapse-free
survival. The outcomes were timing from aHCT to relapse (or progression, if disease was
not in remission at aHCT), grade II to IV aGVHD, moderate & severe or severe grade
cGVHD and death. We estimated the cumulative incidences of relapse, NRM and GVHD
using the competing-risk cumulative function. Death was considered as a competing risk
for the estimation of cumulative incidences, except if occurring after 6 months for aGVHD
and 2 years for cGVHD. Multivariate analyses using the Cox proportional hazards model
and Fine–Gray model for cumulative incidences were used to study the association of
pre-aHCT characteristics, including DA, with outcomes. DA, patient-age-adjusted HCT-
comorbidity index (aaHCT-CI), Karnofsky performance status (KPS), donor type (matched
related (MRD) or unrelated (MUD)), conditioning regimen intensity, sex mismatch (female
donor to male recipient versus other), recipient CMV status, disease relapse risk (using
the EBMT Disease Risk Stratification System), anti-thymocyte globulin (ATG) use and
cell source (peripheral blood or bone marrow grafts) [13] were used as covariates when
appropriate for the study outcomes. DA groups using decades were used to better define
the association between DA and NRM.

3. Results
3.1. Baseline Characteristics

The studied cohort described in Table 1 included 125 patients. The median follow-up
was 2.8 years (95% confidence interval (95% CI): 2.4–3.3). The median recipient age was
56 years (range: 18–70). DA ranged from 18 to 74 years, with a median age of 32 years old,
with most MUDs under 50 and most MRDs over 50 years of age. Peripheral blood was the
major source of hematopoietic cells, and MUD was the most common type of donor (67%).
The conditioning regimens were myeloablative for 90% of the studied population, and most
of the GVHD prophylaxis regimens included a calcineurin inhibitor (either ciclosporin or
tacrolimus) combined with methotrexate (82%) or mycophenolate mofetil (18%). Rabbit
ATG was included in the GVHD prophylaxis in almost all MUD peripheral blood aHCT.
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Table 1. Population characteristics.

Total Number of Subjects 125 (%)

Recipient age, years (median/range/IQR) 56/18–70/50–62

Donor age, years (median/range/IQR) 32/18–74/24–52

Donor type

MRD (8/8) 41 (33)

MUD (8/8) 84 (67)

Donor age (years)/type

<50 MRD 10 (8)

<50 MUD 80 (64)

≥50 MRD 31 (25)

≥50 MUD 4 (3)

Disease

Acute Myeloid Leukemia 89 (71)

Myelodysplastic syndrome 36 (29)

Disease relapse risk (DRSS)

Low 23 (19)

Intermediate-1 72 (58)

Intermediate-2 16 (13)

High 9 (7)

Very high 4 (3)

Recipient Karnofsky Performance Status

<90% 47 (38)

≥90% 77 (62)

Recipient HCT-CI

0 37 (30)

1–2 46 (37)

≥3 40 (32)

Cell source

Bone marrow 33 (26)

TNC range (×108/kg) 1.20–6.51

Peripheral blood 92 (74)

CD34+ cell range (×106/kg) 2.44–14.45

CMV serostatus positive (recipient) 46 (37)

Sex mismatch (female donor to male recipient) 22 (18)

Conditioning regimen intensity

Myeloablative 112 (90)

Reduced intensity 13 (10)

GVHD prophylaxis

MTX/CnI 103 (82)

MMF/CnI 22 (18)

rATG * 46 (37)
Abbreviations. CMV: cytomegalovirus, CnI: calcineurin inhibitor, DRSS: Disease Risk Stratification System, HCT-
CI: hematopoietic cell transplantation comorbidity index, IQR: interquartile range, MMF: mycophenolate mofetil,
MTX: methotrexate, MRD: matched related donor, MUD: matched unrelated donor, rATG: rabbit anti-thymocyte
globulin, TNC: total nucleated cell. * Standard for peripheral blood MUD aHCT before 2015, introduced as
standard for MRDs in 2019.
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3.2. Survival and Relapse

The overall survival and RFS at 5 years were 59% (95% CI: 46–70) and 45% (95% CI:
28–61), respectively (Figure 1a). The cumulative incidences of relapse and NRM at 5 years
were 35% (95% CI: 20–50) and 21% (95% CI: 12–31), respectively (Figure 1b). DA was not
associated with OS, the incidence of relapse or RFS in the multivariate analysis.
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Figure 1. (a) Overall and relapse-free survival. (b) Cumulative incidences of relapse and non-
relapse mortality.

3.3. Association between Donor Age and Non-Relapse Mortality

The multivariable analysis for NRM as the dependent variable included recipient age,
HCT-CI, KPS, conditioning intensity, CMV serostatus, donor type, disease risk score and
sex mismatch. After model selection using the Bayesian information criterion, the only
variables showing a significant and independent association with NRM were recipient age,
HCT-CI (HR for aaHCT-CI: 1.90; p = 0.04) and DA (HR for DA as continuous variable: 1.04;
p = 0.03).

We then divided the patients into decade-based age categories (i.e., <30, 30–39, 40–49],
50–59 and ≥60) and found a strong but statistically non-significant association between DA
and NRM at age ≥40 (HR 2.03; p = 0.14). This association became statistically significant
at a DA ≥ 50 years (HR 3.35; p = 0.01) and even stronger at 60 years and older (HR 4.54;
p = 0.01) (Figure 2). This association between the DA and NRM is reflected in the PFS.

3.4. Association between Donor Age, Graft-versus-Host Disease and Non-Relapse Mortality

To test the hypothesis that older DA causes more GVHD, which in turn could explain
a higher NRM, we developed multivariable models with aGVHD grades II–IV, III–IV and
cGVHD grades of moderate–severe and severe with known and suspected risk factors,
including DA. There was no statistically independent and significant association between
aGVHD and DA, but the model selection yielded two independent and significant variables
associated with the occurrence of moderate–severe and severe cGVHD: previous aGVHD
(for moderate–severe: HR 5.6, p < 0.001, for severe: HR 5.2, p < 0.001) and DA (HR with
DA as a continuous variable for moderate–severe: HR 1.03, p = 0.017, for severe: HR 1.03,
p = 0.032). Unexpectedly, ATG use was not significantly associated with cGVHD (p = 0.41).
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4. Discussion

Since the 1980s, the beneficial effects of a younger donor on aHCT outcomes have been
suggested to be a lower risk of acute GVHD and even a lower risk of relapse in allogeneic
bone marrow recipients [14,15]. The association of an older donor with increased GVHD
and overall mortality was confirmed in a large cohort of nearly 7000 recipients of MUD
marrow grafts [9]. Later studies, mostly reporting data with peripheral blood stem cell
transplants, reported either no association of DA with transplant outcomes or even better
outcomes with older donors (MRD, mostly), with recommendations not to take donor age
into account for aHCT in elderly patients with AML [7,11,16–18]. In the more recently
published literature, younger DA was again being proven to be associated with better
survival due to lower incidences of GVHD and NRM [10,12,19,20]. The different results
looking at the relationship between DA and the outcomes of aHCT may be explained by
changes in the graft source over time (marrow to peripheral blood grafts), different GVHD
prophylaxis (e.g., in vivo T-cell depletion being more common in recent years) and better
donor selection (high-resolution HLA typing for MUD).
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Our cohort represents modern aHCT with high-resolution HLA-typing donor se-
lection, where most patients received ATG, particularly in peripheral blood stem cells
transplantation. With these conditions, DA remains associated with NRM, and to some
extent, with cGVHD. The higher mortality rate with older donors was initially attributed
to the increased incidence of GVHD and related complications [21], but the mechanism
behind better survival with younger donors was associated neither with lower NRM nor
lower GVHD [8]. This observation is in line with recent reports with modern haploidentical
aHCT using immunomodulation with post-transplant cyclophosphamide [22–25].

In our study, we observed higher incidences of NRM and cGVHD with older DA, but
cGVHD was not associated with a significant increase in NRM. It is indeed known that the
chronic form of GVHD does not carry a large burden of mortality. We therefore hypothesize
that other factors, such as infectious complications, dysimmunity and organ toxicities (not
mediated by GVHD), can explain the higher NRM observed with older DA. Infectious
complications are often not detailed in registry data and are therefore more difficult to
assess in large cohorts. Organ failures can be a consequence of infections, even months
and years after aHCT, and this hypothesis is supported by studies showing lower immune
reconstitution markers (lymphocyte populations, particularly CD4+) in aHCT recipients of
older donors [26–28].

The optimal cut-off for DA remains unknown, but worse survival has been shown with
donors over the age of 35 or 45 years old [29,30]. More recent data showed a continuous
relationship between aging DA and lower survival [19], which is concordant with our
observations. Our data show a linearly increasing risk of NRM according to DA, reaching
statistical significance over the age of 50. This age limit may, however, be influenced by the
relatively small sample size, as the point estimate of HRs starts increasing from the age of 40.

As to whether a younger MUD should be preferred over an older MRD, the question
remains open until a prospective trial is available. Nevertheless, recent data show similar
overall survival after MUD and MRD aHCT, although sometimes with less NRM but
increased relapse rates in MRD [31]. We believe that recent efforts to minimize GVHD, as the
use of ATG serum and post-transplant cyclophosphamide, will help overcome the higher
NRM associated with MUD transplants. In our cohort, older donors were predominantly
MRDs, and only 10% of those transplants included ATG, whereas 49% of MUD procedures
included ATG. Notwithstanding the inclusion of donor type and ATG use, the multivariable
analyses revealed the independent effect of DA on NRM and cGVHD. However, a certain
level of collinearity cannot be overcome even with multivariable analyses. Our cohort,
even treated in a single center, using uniform protocols, suffers from heterogeneity because
of changes in practice over time. Therefore, future studies using uniform in vivo T-cell
depletion are required to assess the independent effect of DA on GVHD and NRM.

Our study has limitations inherent to its retrospective nature, but all previous ob-
servations on DA and aHCT outcomes were also retrospective. Although we restricted
our study to the most frequent indications of aHCT in adults and used multivariable
analyses, we included a heterogenous group of donor types, cell sources, conditioning and
GVHD prophylaxis regimens. The absence of infection data in our cohort is a limitation of
our study.

5. Conclusions

In conclusion, understanding the factors impacting NRM remains challenging and
an impediment to achieving the full curative potential of aHCT. Our retrospective study
shows that in contemporary HLA-matched transplants, choosing a younger donor may
help reduce NRM. An optimal age cut-off for donor selection cannot be determined, as
the association of DA with NRM is continuous. The mechanisms behind worse outcomes
with older donors are not fully understood and are not solely mediated by GVHD. These
observations should be tested in prospective trials comparing MRDs to younger MUDs
with several aHCT indications and studying the impact of the waiting time to find the best,
youngest MUD when choosing over an MRD.
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