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ABSTRACT

Background: This study aims to compare the outcomes of bone marrow (BM) to peripheral
blood stem cells (PBSC) grafts in haploidentical hematopoietic cell transplantation using
post-transplant cyclophosphamide-based graft-versus-host disease (GvHD) prophylaxis.
Methods: A single-center retrospective analysis of all adult patients who underwent haploi-
dentical transplants with at least one year of follow-up was conducted. Bivariate analyses
were performed using chi-square tests and t-tests. Data were analyzed using SPSS with sta-
tistical significance being defined at p-value <0.05.

Results: The study included 176 transplant recipients: 65 % received PBSC and 35 % received BM
grafts. After a median follow-up of 21 months (range: 0—73 months), neither median overall
survival nor disease-free survival had been reached. One-year overall survival (BM 75 % versus
PBSC 74%; p-value=0.898) and one-year disease-free survival (63% both groups; p-
value =0.994) were similar between groups. PBSC recipients exhibited earlier neutrophil
engraftment (17 days versus 18 days; p-value =0.022). The incidence of cytokine release syn-
drome was higher in PBSC (90 % versus 37 %) grafts (p-value <0.001). The incidences of Grade
II-IV acute GVvHD, relapse, non-relapse mortality, platelet engraftment, one-year chronic GvHD,
and GvHD-free relapse-free survival were similar across both groups.

Conclusions: Haploidentical HSCT recipients observed similar outcomes regardless of graft
source. Marginally faster neutrophil engraftment was observed in PBSC recipients. These
findings suggest flexibility in using graft source for haploidentical transplants, though pro-
spective studies are needed to confirm these results.
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Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) serves as a crucial therapeutic approach for a range of
hematologic malignancies and non-malignant disorders [1].
However, its success relies upon the availability of suitable
human leukocyte antigen (HLA)-matched donors, a challenge
aggravated by donor scarcity [2]. Haploidentical stem cell
transplant (haplo-HSCT) donation, when combined with
post-transplant cyclophosphamide (PT-Cy), has revolution-
ized transplant accessibility for patients without fully
matched donors [3]. This approach has confirmed the feasibil-
ity of using partially matched-related donors, significantly
expanding available donor options. It demonstrates low rates
of severe graft-versus-host disease (GvHD) which are compa-
rable to those seen when bone marrow (BM) is used instead of
peripheral blood stem cells (PBSC) in haplo-HSCT [4]. Addi-
tionally, high-dose PT-Cy selectively removes alloreactive T
cells, effectively reducing the risk of GvHD while preserving
the graft-versus-leukemia effect [5,6]. This method has partic-
ularly broadened transplant accessibility in regions with lim-
ited donor availability [7—-9].

Published studies report that survival rates are comparable
between the two graft sources, with PBSCs demonstrating
lower relapse rates and faster engraftment [10,11]. However,
PBSC grafts are associated with increased transplant-related
mortality, primarily due to a higher incidence of GVvHD [12]. In
this study, the outcomes of haplo-HSCT using PT-Cy-based
GVHD prophylaxis were analyzed, comparing the results
based on the graft source. The aim was to clarify the relative
efficacy and safety profiles of each graft source and to explore
their clinical implications, thereby enhancing transplant
practices and optimizing patient outcomes in haplo-HSCT.

Methods
Design, setting, and patients

A single-center retrospective study was conducted at the Uni-
versity of KS Medical Center, examining all adult haplo-HSCT
recipients from August 2016 to July 2021. The study included
176 patients with at least one year of post-transplantation fol-
low-up. The cohort consisted of adult patients who received
their first allo-HSCT from donors mismatched at two or more
HLA loci, independent of conditioning regimen and indication
for allo-HSCT. Patients who received manipulated grafts (ex
vivo or in vivo T-cell depletion, or ex vivo engineered T cells)
were excluded as were those with matched unrelated, mis-
matched unrelated, matched related, or umbilical cord blood
donors. All recipients of haplo-HSCT were administered stan-
dard GvHD prophylaxis consisting of PT-Cy, mycophenolate
mofetil (MMF), and tacrolimus (continuing until Day +60 after
the transplant). The myeloablative and reduced-intensity
conditioning (RIC) regimens utilized are listed in Table 1. The
institutional review board approved the study.

Data collection, outcomes, and key definitions

Data were collected by review of the electronic medical
records. Demographic, clinical, and pathologic factors were
ascertained at the time of HSCT. The primary objective of this
study was to compare overall survival (OS) between the
groups. The secondary objectives were to compare rates of
acute and chronic GvHD, cytokine release syndrome (CRS),
neutrophil and platelet engraftment, non-relapse mortality
(NRM), relapse, and disease-free survival (DFS). Neutrophil
recovery was defined as achieving an absolute neutrophil
count (ANC) >0.5 x 10%/L for three consecutive days. Platelet
recovery was defined as achieving a platelet count >20 x 10%/L
without transfusion requirement for seven consecutive days.
Disease relapse, progression, and death were treated as
events. NRM was defined as time to death without relapse or
progression. Relapse was defined as the molecular, cyto-
genetic, or hematologic recurrence of the primary disorder.
DFS was defined as survival without relapse or progression.
Acute GVHD (aGvHD) was staged and graded according to the
Mount Sinai aGvHD International Consortium criteria [13].
CRS was graded based on American Society for Transplanta-
tion and Cellular Therapy Consensus Guidelines [14]. Chronic
GVHD (cGvHD) was staged and graded according to the 2014
National Institutes of Health criteria. Causes of death were
coded according to the Center for International Blood and
Marrow Transplant Research recommendations; specifically,
if a patient had an active or uncontrolled GvHD and concur-
rent infection at the time of death, then GvHD was coded as
the primary cause of death and infection was coded as a con-
tributing cause.

Statistical analysis

Descriptive statistics were used to compare baseline demo-
graphic characteristics. Categorical data were compared using
the Chi-square test. Continuous data were compared using
ANOVA or t-test. Univariate and multivariate Cox regression
analyses were conducted to investigate factors associated

Table 1 - Transplant conditioning regimens.

Regimen n
Myeloablative (n =55)
Flu/TBI 49
Bu/Flu/Cy 6
Reduced intensity (n=121)
Flu/Cy/TBI 105
Flu/Mel/TBI 9
Flu/Cy/TBI/ATG 6
Flu/Cy/TBI/ATG/Thio 1

Bu: Busulfan; Cy: Cyclophosphamide; Flu: Fludarabine; TBI: Total
body irradiation; Mel: Melphalan; ATG: Anti-thymocyte Globulin;
Thio: Thiotepa
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with OS, DFS, NRM, and relapse including the graft source; the
hazard ratio (HR) with 95% confidence intervals (95 % CIs)
were obtained. For regression models, PBSC recipients were
compared with reference to BM graft recipients. Univariate
regression analyses included correlation of key variables with
the post-transplant outcomes, including age, sex, ethnicity,
Karnofsky performance status (KPS), hematopoietic stem cell
transplantation-specific comorbidity index (HSCT-CI), hema-
tologic diagnosis, disease status (complete remission versus
others), recipient cytomegalovirus (CMV) serostatus, donor
CMV serostatus, donor age, donor sex, conditioning regimen,
and GvHD prophylaxis. Significant factors identified in uni-
variate analyses were entered into a multivariate analysis for
the respective outcome. Data were analyzed using SPSS ver-
sion 28 with statistical significance being defined as a p-value
>0.05.

Results
Baseline and clinical characteristics

The study encompassed 176 haplo-HSCT involving 114 (65 %)
PBSC and 62 (35 %) BM grafts. The median age of recipients
was 54 years (range: 18—74); 119 (68 %) were male. The racial
distribution was primarily Caucasian (123; 70 %), followed by
Hispanic (23; 13 %), Afro-American (16; 9 %), and other ethnici-
ties (14; 8 %). The most common hematologic diagnoses were
acute myeloid leukemia (AML) in 74 patients (42 %), other
myeloid disorders in 41 (23 %), acute lymphoid leukemia (ALL)
in 17 (10 %), lymphoma in 33 (19 %), and other conditions in 11
(6%). A pre-transplant HSCT-CI score of 3 or higher was
recorded in 93 patients (53 %). KPS was >90 % in 59 (34 %) and
60—80% in 117 (67 %) patients. RIC was administered to 121
recipients (69 %) and myeloablative conditioning (MAC) to 55
(31%). CMV seropositivity was identified in 109 recipients
(62 %) and 101 donors (57 %). At the time of transplantation,
111 recipients (63 %) were in complete remission. The median
CD34" cell dose was 5.0 x 10° per kg for PBSC recipients and
2.8 x 10° per kg for BM recipients (p-value <0.001). These data
are summarized in Table 2.

Primary and secondary outcomes

With a median follow-up of 21 months (range: 0—73 months),
OS and DFS were not reached in either the BM or PBSC haplo-
HSCT groups. The one-year OS rates were 75% for BM and
74 % for PBSC (p-value=0.898), and the one-year DFS rates
were identical at 63 % for both groups (p-value =0.994). PBSC
recipients experienced earlier neutrophil engraftment at
17 days compared to 18 days for BM recipients (p-
value = 0.022).

The incidences of Grade II-IV acute GvHD were nearly
identical at 50 % for BM and 51 % for PBSC (p-value =0.875).
Relapse rates were 22% for PBSC and 26% for BM (p-
value = 0.579), while NRM rates were 17 % for PBSC and 20 %
for BM (p-value =0.682). The median times to platelet engraft-
ment were 28 days for PBSC and 31 days for BM (p-
value = 0.092). Neutrophil recovery by Day +28 was 95 % for
PBSC versus 90% for BM (p-value=0.349), and platelet

recovery by Day +100 was 90 % for PBSC compared to 81 % for
BM (p-value =0.099). Rates of primary graft failure (PGF) and
one-year chronic GvHD were also similar, with PGF at 2 % for
PBSC versus 5 % for BM (p-value =0.347) and chronic GvHD at
35% for PBSC versus 38 % for BM (p-value =0.410). The one-
year GvHD-free relapse-free survival rate (GRFS) was 67 % for
PBSC and 61 % for BM (p-value = 1.00). The overall incidence of
CRS was 71 %, significantly higher in PBSC at 90 % compared
to 37 % for the BM group (p-value <0.001). CRS grades were
distributed as follows: Grade 1 occurred in 74 % of PBSC recipi-
ents versus 34 % for BM (p-value <0.001), Grade 2 in 14 % for
PBSC and 0 % for BM (p-value <0.001), and Grade 3 and Grade
4 were both seen in 1-2 % for both groups. In the subgroup
analysis stratified by conditioning intensity, neutrophil
engraftment (17 days versus 18 days; p-value=0.017) was
faster with PBSC compared to BM grafts and no statistically
significant association was noted in rates of acute or chronic
GVvHD, NRM, relapse, DFS or OS among the myeloablative
transplant recipients (n =55). Among the RIC transplant recip-
ients, no statistically significant differences were noted in
neutrophil and platelet engraftment, acute GvHD, NRM,
Relapse, DFS, and OS between the BM and PBSC groups
(Table 3).

Discussion

This retrospective single-center study analyzes the outcomes
of haploidentical allo-HSCT using either PBSC or BM as the
graft source, with PT-Cy for GvHD prophylaxis. The study
findings show comparable one-year OS and DFS rates
between the two graft sources. This aligns with several other
studies that have also found no significant differences in OS,
DFS, and NRM between different graft sources [7,15,16].

The choice of conditioning regimen is a critical factor in
haplo-HSCT and may interact with graft source to influence
outcomes. In the current cohort, RIC was more frequently
used in the BM group (87 % versus 59% in PBSC; p-value
<0.001), reflecting its common application in older and
comorbid patients. Subgroup analysis (Table 2) revealed faster
neutrophil engraftment with PBSC in MAC recipients (17 ver-
sus 18 days; p-value = 0.017), but no significant differences in
acute or chronic GvHD, relapse, NRM, DFS, or OS were
observed between graft sources in either the MAC or RIC
cohorts. Prior studies suggest RIC may mitigate GvHD risk
using PBSC grafts by reducing inflammatory responses,
though potentially at the cost of higher relapse rates in cer-
tain malignancies [15-17]. Conversely, MAC may increase
GvHD risk with PBSC due to higher CD34" cell doses (median
5.0 versus 2.8 x 10%kg in the present study; p-value <0.001).
The imbalance in conditioning regimens limits direct com-
parisons, and further studies are needed to elucidate how
conditioning intensity modulates graft source effects.

A notable imbalance in disease status was observed, with
77 % of BM recipients in complete remission (CR) at transplant
compared to 55% of PBSC recipients (p-value=0.005). This
disparity could bias outcomes toward the BM group, as CRis a
strong predictor of improved OS and DFS. To address this,
multivariate Cox regression analyses adjusted for disease sta-
tus, conditioning intensity, and other covariates were
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Table 2 - Patient and transplant-related characteristics of haploidentical transplants.

Total PBSC BM P-value
(n=176) (n=114) (n=62)
Age - median years (range) 54 (18—74) 53 (19-73) 54 (18—74) 0.706
Sex - n (%)
Male 119 (68) 81 (71) 38 (61) 0.238
Female 57 (32) 33 (29) 24 (39)
Ethnicity - n (%)
Caucasian 123 (70) 76(67) 47(76) 0.561
African American 23 (13) 17 (15) 6 (10)
Hispanic 16 (9) 12 (10) 4 (6)
Others 14 (8) 9(8) 5(8) 5
Karnofsky performance status - n (%)
>90 % 59 (33.5) 34 (30) 25 (40) 0.138
60—80 % 117 (66.5) 80 (70) 37 (60)
Hematopoietic stem cell transplantation-specific comorbidity index - n (%)
0-2 83 (47) 55 (48) 28 (45) 0.753
>3 93 (53) 59 (52) 34 (55)
Hematologic Diagnosis - n (%)
Acute myeloid leukemia 74 (42) 43 (38) 31 (50) 0.027
Myeloid disorders® 41 (23) 33(29) 8(13)
Acute lymphoblastic leukemia 17 (10) 10 (9) 7 (12)
Lymphoma 33(19) 24 (21) 9 (15)
Others 11 (6) 4(3) 7 (11)
Disease Status - n (%)
Complete remission 111 (63) 63 (55) 48 (77) 0.005
Others” 65 (37) 51 (45) 14 (23)
Recipient cytomegalovirus serostatus - n (%)
Negative 67 (38) 48 (42) 19 (31) 0.147
Positive 109 (62) 66 (58) 43 (69)
Donor cytomegalovirus serostatus - n (%)
Negative 75 (43) 46 (40) 29 (47) 0.429
Positive 101 (57) 68 (60) 33 (53)
Donor age - median years (range) 32 (10-65) 34 (11-65) 31 (10-64)
Donor sex - n (%)
Male 111 (63) 73 (64) 38 (61) 0.746
Female 65 (37) 41 (36) 24 (39)
Conditioning - n (%)
Myeloablative 55 (31) 47 (41) 8(13) <0.001
Reduced intensity conditioning 121 (69) 67 (59) 54 (87)
Graft cell dose (Median CD34 cells x10° per kg) 4.9 (4.3-5.0) 5.0 (5.0-5.2) 2.8(2.3-3.2) <0.001

a

myeloid disorders include myelodysplastic syndromes, myeloproliferative neoplasms, and chronic myeloid leukemia.

® Includes partial response (n = 36; 8 %), stable disease (n = 89; 20 %), progressive disease (n = 31; 7 %), and not available (n = 14; 3 %).

performed, revealing no independent effect of graft source on
OS (HR: 1.02; 95 % CI: 0.68—1.53; p-value = 0.898), DFS (HR: 1.00;
95 % CI: 0.67—1.49; p-value =0.994), relapse (HR: 0.88; 95 % CI:
0.47-1.65; p-value=0.579), or NRM (HR: 0.92; 95% CI: 0.49
—1.74; p-value =0.682). These findings suggest that while CR
status and conditioning are critical prognostic factors, they
do not significantly alter the comparative effectiveness of
PBSC versus BM in the current cohort. Nonetheless, these fac-
tors should be considered when selecting graft sources to
optimize patient outcomes.

While some studies have reported better OS with PBSC
(due to higher doses of CD34" cells potentially leading to
improved outcomes) [18], others have indicated poorer out-
comes associated with higher NRM rates in PBSC recipients
compared to those receiving BM grafts [8,18,19]. For example,
Nagler et al. noted worse life expectancy, OS, and GRFS with
PBSC [7,9,20]. The results of this study highlight the impor-
tance of considering multiple independent factors, including
pre-transplant disease status, the Hematopoietic Cell

Transplantation-Specific Comorbidity Index, and condition-
ing regimen, beyond the choice of graft source, which can sig-
nificantly impact transplant outcomes [8,15,16,20].

Recipients of PBSC exhibited an earlier neutrophil engraft-
ment by one day, indicating a potential advantage in the
speed of hematopoietic recovery with PBSC grafts. However,
this modest difference may not be clinically relevant. Several
other studies also reported earlier neutrophil engraftment in
patients who receive PBSC versus BM grafts [9,16,21]. Kato et
al. demonstrated an association of total CD34" dose to
engraftment regardless of graft source [21]. The results here
differ from other studies where similar median times for neu-
trophil and platelet engraftment were noted [8,18,22].

In line with previous literature [8,11,22—-25], similar inci-
dences of Grade II-IV acute GVHD were observed between BM
and PBSC recipients in this study. Consistent with previous
studies, similar incidences of one-year chronic GvHD were
also observed [8,16]. The incidence of GRFS, a composite out-
come of GvHD and RFS, was comparable in both groups.
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Table 3 - Outcomes after haploidentical transplants.

Total PBSC BM p-value
(n=176) (n=114) (n=62)

Follow-up - median months (range) 21(0.3-73) 21 (0.3-69) 22 (0.3-73) 0.331
Neutrophil engraftment - median days (95 % CI) 17 (17-18) 17 (17-19) 18 (18—20) 0.022
Day +28 neutrophil recovery (>0.5 x 10%/uL) - n (%) 164 (93) 108 (95) 56 (90) 0.349
Platelet engraftment - median days (95 % CI)

>20 x 10%/pL 27 (26—28) 27 (26—28) 28 (26-30 0.195

>50 x 10%/uL. 29 (27-31) 28 (27-31) 31(29-36 0.092
Day +100 platelet recovery (>20 x 10%/uL) - n (%) 153 (87) 103 (90) 50 (81) 0.099
Primary graft failure - n (%) 5(3) 2(2) 3(5) 0.347
Day +100 acute GVHD - n (%)

Grade 2—4 88 (50) 58 (51) 30 (48) 0.875

Grade 3—-4 14 (8) 9(8) 5(8) 1.000
One-year chronic GvHD - n (%)

All 62 (35) 43 (38) 19 (31) 0.410

Extensive 56 (32) 38 (33) 18 (29) 0.614
Relapse - n (%) 41 (23) 25 (22) 16 (26) 0.579
Non-relapse mortality - n (%) 40 (23) 0.998

One-year non-relapse mortality 31(18) 19 (17) 12 (20) 0.682
Cytokine Release Syndrome - n (%) 125 (71) 102 (90) 23 (37) <0.001
Cytokine Release Syndrome grade - n (%)

Grade 0 (No CRS) 51 (29) 12 (10) 39 (63) <0.001

Grade 1 105 (60 84 (74) 21 (34)

Grade 2 16 (9) 16 (14) 0(0)

Grade 3 2(1) 1(2) 1(1.5)

Grade 4 2 (1) 1(1) 1(1.5)
Cause of death - n (%)

Relapse/progression 22 (32) 13 (30) 9 (38) 0.599

GVHD 10 (15) 5(11) 5(21)

Infections 23 (34) 17 (39) 6 (25)

Organ failure 3(4) 2 (5) 1(4)

Graft failure 3(4) 1(2) 2(8)

Others, non-transplant-related 5(7) 4(9) 1(4)

Not available 2(3) 2(5) 0(0)
Disease-free survival

Median months (range) NR NR NR 0.994

One-year disease-free survival - n (%) 111 (63) 72 (63) 39 (63) 1.000
Overall survival

Median months (range) NR NR NR 0.898

One-year overall survival - n (%) 131 (74) 85 (75) 46 (74) 1.000
One-year GvHD-free Relapse-free survival - n (%) 117 (66.5) 76 (67) 41 (61) 1.000

BM: Bone marrow; PBSC: Peripheral blood stem cells; NRM: Non-relapse mortality; GvHD: Graft-versus-host disease.

Several other studies reported higher incidences of acute and
chronic GvHD in the PBSC compared to BM group
[9,15,16,18,21,22]. Various other pre-transplant factors such as
low body mass index (BMI) and older age, are independently
associated with a higher risk of GvHD [26,27]. No difference in
graft failure was found between both cohorts in the present
study. In a large retrospective study, Olsson et al. reported
lower rates of PGF in patients receiving PBSC compared to BM
[28]. They attributed this improvement to the higher doses of
graft cells typically administered in PBSC transplants.
Another factor contributing to PGF reported in literature is
donor-specific anti-HLA antibodies [29,30].

CRS after haplo-HSCT is often associated with early T-cell
reconstitution and low incidence of post-transplant relapse
[31]. However, research has noted an increased risk of infec-
tions following CRS, potentially due to its impact on neutro-
phil recovery [32]. In this study, the majority of CRS cases

were of mild severity (Grades 1-2), aligning with findings
from previous research [33]. Additionally, the higher inci-
dence of CRS observed in the PBSC group is consistent with
earlier studies [34]. In the present study population, infections
and relapse/progression of the disease emerged as the most
common causes of death, consistent with findings in previous
literature where GvHD-related death also featured promi-
nently [9,22,35].

This study has several limitations inherent to its retro-
spective design, including selection bias, confounding by indi-
cation, and limited statistical power. With a sample size of
176 patients, the analysis may be underpowered to detect
small but clinically meaningful differences in outcomes such
as GVHD, relapse, or GRFS, particularly in subgroups defined
by conditioning intensity or disease status. The heteroge-
neous patient population, encompassing diverse hematologic
malignancies, ethnicities, and conditioning regimens, further
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complicates the generalizability of the findings. Additionally,
the relatively short median follow-up of 21 months may not
capture late events.

Conclusion

These findings suggest that haplo-HSCT with PT-Cy yields
comparable rates of acute and chronic GvHD, relapse, NRM,
DFS, and OS between BM and PBSC graft sources. A slightly
faster neutrophil engraftment with PBSC offers a potential
advantage, though its clinical significance is limited. Imbalan-
ces in disease status and conditioning intensity highlight the
importance of patient-specific factors in graft selection. These
results suggest flexibility in choosing either BM or PBSC,
allowing clinicians to tailor decisions based on donor avail-
ability and patient characteristics, such as CR status and con-
ditioning regimen. Prospective randomized trials are needed
to confirm these findings and optimize transplant strategies.
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