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ABSTRACT

Background: Allogeneic hematopoietic stem cell transplantation (allo-SCT) is a key treatment for hematologic malignancies, but

donor selection impacts outcomes.

Results: In a cohort of 152 patients undergoing allo-SCT from 2012 to 2023, haploidentical donors with post-transplant
cyclophosphamide (PTCy) showed superior survival compared to 9/10 mismatched unrelated donors (MMUD). Cox regression
analysis revealed that patients not in complete remission (CR) before transplantation particularly benefited from haplo donors,
while those with 9/10 MMUD and lacking CR had worse outcomes.

Conclusion: These results highlight the importance of donor selection, suggesting that haplo donors with PTCy may be preferable
for patients not in CR, necessitating alternative approaches for others.

Clinical trial registration: The authors have confirmed clinical trial registration is not needed for this submission.

1 | Introduction

Allogeneic hematopoietic stem cell transplantation (allo-SCT)
is an important treatment option for high-risk hematologic
malignancies, but success hinges on finding HLA-compatible
donors. When fully matched donors are scarce, options like
partially HLA-matched related (haploidentical) and mismatched
unrelated donors (9/10 MMUD) expand transplant accessibility.
However, challenges such as graft-versus-host disease (GVHD)

and relapse persist with mismatched donor allo-SCT, necessitat-
ing research into effective prevention methods [1, 2].

Recent advances, notably post-transplant cyclophosphamide
(PTCy), have renewed interest in haploidentical donors, improv-
ing outcomes by overcoming previous compatibility issues [1]. In
contrast, 9/10 MMUD patients typically undergo T-cell depletion
with antithymocyte globulin (ATG), with PTCy showing promise
for future use [3, 4].
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When both haploidentical and 9/10 MMUD donors are available,
selecting the best donor requires considering individual patient
factors and treatment needs. While haploidentical donors may
offer advantages in certain scenarios, specific indications for
preference need clarification [5-7].

Based on our single-center experience, we offer valuable insights
into the donor selection process for patients, taking into account
factors such as remission status and other relevant considerations
like age, EBMT Gratwohl score, performance of total body
irradiation (TBI) and disease entity. This contribution enhances
the decision-making process and aids in optimizing donor choices
for improved patient outcomes.

2 | Methods

We retrospectively analyzed 152 patients with various hemato-
logical malignancies who underwent allo-SCT from mismatched
donors at our center between 2012 and 2023 (haplo PTCy (50
mg/kg d+3 and d+4) n = 38, 9/10 MMUD ATG (rabbit ATG
20 mg/kg per day, administered over 3 consecutive days (total
dose: 60 mg/kg)) n = 77, 9/10 MMUD PTCy (50 mg/kg d+3 and
d+4) n = 21). All individuals received identical diagnostic work
up and supportive care independent from donor source or GVHD
prophylaxis. Patients with 2nd or 3rd allo-SCT were excluded
from further analysis (Figure 1A). Disease entities, disease and
transplant characteristics, EBMT scores, and demographic char-
acteristics were evenly distributed among the groups (Figure 1B).
Complete remission at the time of transplant was defined as
follows: in AML, MDS, and CMML (the latter also requiring
monocytes <1 x 10°/L), CR was characterized by blasts <5% and
normalized blood counts. In MPN, CR was defined by normalized
blood counts, spleen regression, and the absence of molecular
markers. In ALL, CR was achieved when blasts <5%, normalized
blood counts, and MRD-negativity were confirmed. For NHL, CR
was defined by the absence of FDG activity on PET-CT and/or
no lymph nodes >1.5 cm with the resolution of all lesions on CT,
along with normalized blood counts and no remaining lesions.
Overall survival (OS) and progression-free survival (PFS) were
calculated from allo-SCT to death from any cause or last follow-
up, and until progression to molecular or hematologic relapse or
death, respectively. Cumulative incidence of relapse (CIR) and
non-relapse mortality (NRM) were calculated as competing risks.
Statistical analyses were conducted using GraphPad Prism() 5.01
and SPSS Statistics for Windows, with significance set at p < 0.05.
Further details are provided in the figure legend.

The study was approved by our local ethics committee (study
number 2023-2474)

3 | Results

After a median follow-up of 63 months (range: 6-120 months)
post allo-SCT, patients who underwent haploidentical donor
transplantation demonstrated better two-year overall survival (2y-
0OS) and two-year progression free survival (2y-PFS) compared
to those with 9/10 MMUD with 73% versus 56% (Figure 1C)
and 57% versuss 39% (Figure 1D), respectively. Additionally, the
CIR was observed to be lower in the cohort of patients with

haploidentical donors compared to those transplanted with 9/10
MMUD with a 2y-CIR of 26% versus 48% (Figure 1E), whereas the
NRM was similar with a 2y-NRM of 23% versus 27% (Figure 1F).

Haploidentical donor recipients transplanted in complete
remission (CR) exhibited a 2y-OS and a 2y-PFS of 83% and 62%,
respectively. Interestingly, patients who received transplants
from 9/10 MMUD while in CR had comparable 2y-OS and
2y-PFS rates of 67% and 55% to patients with haploidentical
donors who had active disease at the time of transplantation
(2y-OS 65% and 2y-PFS 52%). Conversely, individuals who
underwent transplants from 9/10 MMUD with active disease
experienced significantly lower 2y-OS and 2y-PFS rates of 47%
and 23%, respectively (p = 0.0414) (Figure 2A,B). Multivariate
Cox regression analysis showed that remission status prior to
allo-SCT had the greatest impact on OS and PFS, with significant
advantages for superior OS and PFS for patients who received a
graft from a haploidentical donor (HR OS: 2.305, p = 0.005; HR
PFS: 2.325, p = 0.003, Figure 2C). Factors such as age >60 years,
upfront transplantation, a high EBMT score or the performance
of TBI had no significant influence on OS and PFS (Figure 2C).

As anticipated, distinct disease entities exhibited varied out-
comes, yet they were evenly distributed across the main groups
(Figures 1B and S1A). Given the relatively small sample size
and our primary focus on remission status and other variables,
patients were analyzed collectively.

PTCy appears to be a useful alternative in patients with 9/10
MMUD and offers potential prognostic advantages in terms of
2y-0S (71% vs. 54%) compared to patients with 9/10 MMUD
receiving ATG (Figure SIB), although no statistical significance
was reached. Organ toxicities were similar between the three
groups; however, white blood cell engraftment (>1000/uL) was
delayed by a median of 3 days and platelet engraftment (>
20000/uL) by a median of 6 days in the haplo group. As a result,
the median hospital stay was 3 days longer in the haplo group
(Figure 2D). In transplants from 9/10 MMUD, the administration
of PTCy did not result in an overall reduction in GVHD activity
but a decrease of the incidence of chronic and severe acute GVHD
(Figure 2E).

4 | Discussion

Analyzing 152 patients who underwent transplants from mis-
matched donors at our center over the past decade, we provide
crucial insights into outcomes, informing clinical decisions and
optimizing patient care. Notably, haploidentical donor trans-
plantation demonstrated superior 2y-OS and 2y-PFS compared
to 9/10 MMUD, aligning with previous studies advocating for
haploidentical transplantation with PTCy for GVHD prophylaxis
[6-8].

Our findings underscore the impact of pre-allo-SCT remission
status on survival outcomes, particularly favoring haplo donors
for patients not in remission. Patients transplanted in CR
exhibited significantly better OS and PFS rates, consistent with
literature emphasizing the importance of disease status in allo-
SCT outcomes [7, 9]. Haploidentical transplantation appears to
offer better disease control, especially in patients not in CR.
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Patients’ demographics and clinical characteristics
No. %
Patients No. 136
Haplo (median age: 54y; range: 23-72y) 38 28
Sex
Male 25 66
Female 13 34
Entity
MPN 2 5
AML 19 50
MDS 6 16
CMML 2 5|
ALL 4 1
NHL 5 13
High-risk cytogenetics* 8 21
EBMT Gratwohl Score*
1+2 7 18
3 25 66
4+5 6 16
CR1 14 37
CR2 4 1
Upfront allo-SCT 6 16
TBI (2-12Gy) 32 84
Sequential FLAMSA based conditioning 11 29
9/10 MMUD 98 72
Sex
Male 59 60
Female 39 40
PTCy (median age: 57y; range: 29-65y) 21 21
MPN 0 0
AML 10 47
MDS 4 19
CMML 2 10
ALL 3 14
NHL 2 10
High-risk cytogenetics+ 5 24
EBMT Gratwohl Score*
1+2 5 24
& 12 57
4+5 4 19
CR1 10 48
CR2 3 14
Upfront allo-SCT 4 19
TBI (2-12Gy) 6 29
Sequential FLAMSA based conditioning 5 24
ATG (median age: 56y; range: 22-72y) 77 79
MPN 5 6
AML 29 38
MDS 19 25
CMML 7 9
ALL 10 13
NHL 7 9
High-risk cytogenetics+ 16 21
EBMT Gratwohl Score*
1+2 10 13
& 50 65
4+5 17 22
CR1 29 38
CR2 9 12
Upfront allo-SCT 20 29
TBI (2-12Gy) 16 21
Sequential FLAMSA based conditioning 20 26
Abbreviations: MPN, myeloproliferative neoplasia; AML, acute myeloid
leukemia; MDS, myelodysplastic syndrome; CMML, chronic myeloid
monocytic leukemia; ALL, acute lymphoblastic leukemia; NHL, non hodgkin
lymphoma; MMUD, mismatched unrelated donor; PTCy, post transplant
cyclophosphamide; ATG, anti thymocyte globuline; TBI, total body irradiation;
CR, complete remission
+MECOM rearrangements, monosomal and complex karyotype, chromosome 17p abnormalities.
“Gratwohl A. The EBMT risk score. Bone Marrow Transplant. 2012:47(6):749-75610
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(A) CONSORT diagram. (B) Patient’s demographics and clinical characteristics. Kaplan-Meier survival curve with overall survival (OS)
(C) and progression free survival (PFS) (D) month from allo-SCT of patients with 9/10 MMUD versus patients with haplo donors. Cumulative incidence
of relapse (CIR) (E) and non-relapse mortality (NRM) (F) as competing risks month from allo-SCT of patients with 9/10 MMUD versus patients with
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C Multivariate Analysis Haplo vs 9/10 MMUD
Overal survival (OS) Progression free survival (PFS)
Variable at transplant HR |2 HR P
Age 260 years 1.597 0.084 1.510 0.096
EBMT Gratwohl score 24 1.056 0.863 1.027 0.928
No complete remission 2.305 0.005 24325 0.003
Upfront allo-SCT 0.597 0.126 0.660 0.168
TBI (2-12Gy) 1.296 0.448 1.015 0.962

Platelet
engraftment

(>20,000/pl
for three days)

Engraftment and Toxicity

Leukocyte
._ . engraftment
Median: (>1,0001
for three days)
Haplo n=38 18
9/10 MMUD PTCy n=21 18
9/10 MMUD ATG n=77 15
E Haplo n=38

28
22
21

GvHD

9/10 MMUD PTCy n= 21

FIGURE 2 |

Maximum Maximum Duration of
Creatinine Bilirubin total inpatient stay
(mg/dl) (mg/dl) after Tx (days)
0.96 1.335 33
1.156 1.02 30
1.0 1.74 29

9/10 MMUD ATG n=77

Il aGvHD
E# aGvHD 23°
B cGvHD
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Kaplan-Meier survival curve with (A) overall survival (OS) and (B) progression free survival (PFS) month from allo-SCT of patients

with 9/10 MMUD versus patients with haplo donors, split by remission status before transplant. (C) Multivariate Cox regression analysis affecting overall

survival (OS) and progression free survival (PFS) of patients with haplo donors versus patients with 9/10 MMUD. Hazard ratio and p-values are given.

(D) Table with engraftment and toxicity data. (E) Pie charts demonstrating the occurrence of GVHD in the respective group.
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Furthermore, our results confirm the benefit of PTCy in 9/10
MMUD and are consistent with previous studies involving larger
cohorts [4]. This prompts the question of whether potential
negative effects of active disease status pre-transplant with 9/10
MMUD can be mitigated by the use of PTCy. Our experience
indicates that both haploidentical and 9/10 transplants are
equally feasible, the latter with either ATG or PTCy, with no
significant difference in NRM. Notably, there were no cases of
graft failure in the haplo PTCy group, which may be attributed
to our practice of incorporating at least 2 Gy TBI into the
conditioning regimen. When comparing ATG and PTCy, no
disadvantages were observed with PTCy, even in older patients
for whom cyclophosphamide might pose higher risks. Ongoing
studies are exploring dose reductions of cyclophosphamide to
further optimize patient outcomes.

It is important to acknowledge that our single-center, retro-
spective study with a relatively small cohort presents potential
biases, including heterogeneity in disease types, graft-versus-
host disease (GVHD) prophylaxis, and conditioning regimens,
which should be addressed in future studies involving larger,
more homogeneous cohorts. In conclusion, our study suggests the
potential superiority of allo-SCT with a haploidentical donor over
9/10 MMUD, particularly for patients who are not in remission
before transplantation. The impact of PTCy on survival rates in
patients with 9/10 MMUD who are not in remission warrants
further investigation through randomized prospective studies
with well-defined cohorts. This is crucial because outcomes
are likely influenced by multiple factors, including the specific
disease entity and pre-transplant disease status. Ultimately, these
findings provide important insights that can help refine donor
selection strategies and improve patient outcomes in clinical
practice.
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