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Abstract

Introduction: A single-dose regimen of pegylated granulocyte colony-stimulating factor (Peg-G) may reduce the
physical and logistical burden of peripheral blood stem cell (PBSC) mobilization compared to a conventional
regimen of daily G-CSF (Daily G) for allogeneic hematopoietic cell transplantation (allo-HCT) donors. However,
comparative data on PBSC mobilization for donors and subsequent engraftment outcomes in recipients remain
limited.

Methods: We retrospectively analyzed 40 donor-recipient pairs who underwent their first PBSC collection and
first allo-HCT at our institution between 2017 and 2024 (Daily G: n=20; Peg-G: n=20).

Results: Median donor ages were 37 and 36 years-old in the Daily G and Peg-G groups, respectively, while me-
dian recipient ages were 44 and 57 years-old. Compared with Daily G, Peg-G was associated with a significantly
shorter median total apheresis time (213 vs. 157 min; p < 0.0001), a higher median CD34* cell yield (3.3 X 10%
kg vs. 5.9 X 10%kg; p=0.0009), and a lower product volume (247 mL vs. 150 mL; p < 0.0001). One donor in the
Peg-G group experienced self-limited splenic rupture, that did not require transfusion or surgical intervention.
Among recipients, median times to neutrophil and platelet engraftment were longer in the Peg-G group, which
may have been partly attributable to the higher proportion of haploidentical transplants using post-transplant
cyclophosphamide (PTCy) for graft-versus-host disease (GVHD) prophylaxis in this group.

Conclusion: Peg-G provided effective PBMC mobilization, yielding higher CD34* cell doses with shorter apheresis
times and smaller collection volumes than Daily G. Although a self-resolving splenic rupture occurred in one do-
nor, Peg-G was generally well tolerated. These findings suggest Peg-G is a practical and feasible mobilization
strategy that warrants further confirmation in larger prospective studies.
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transplant techniques and supportive care have substan-
tially broadened both access to and indications for allo-
HCT over the past decade. Although bone marrow was

Introduction

Allogeneic hematopoietic cell transplantation (allo-

HCT) is a curative therapy for a wide range of hema-
tologic malignancies, bone marrow failure syndromes,
and congenital immunodeficiencies'”. Advances in

Blood Cell Therapy-The official journal of APBMT-

historically the primary source of hematopoietic stem
cells, granulocyte colony-stimulating factor (G-CSF)-
mobilized peripheral blood stem cells (PBSCs) have be-



come the predominant graft source because of their
ease of collection and more rapid hematopoietic recov-
ery after transplantation®.

Conventional PBSC mobilization requires daily sub-
cutaneous administration of G-CSF over several con-
secutive days (Daily G), which may impose consider-
able physical and logistical burdens on healthy donors’.
Pegylated G-CSF (Peg-G), a long-acting formulation of
G-CSF, has emerged as an alternative approach that en-
ables PBSC mobilization with a single injection™. In
Japan, Peg-G was approved for allogeneic PBSC mobi-
lization in 2021°. Previous studies demonstrated that
Peg-G is safe and effective for allogeneic stem cell mo-
bilization™.

Nevertheless, comparative data using either Daily G
or Peg-G on donor collection outcomes and post-
transplant recipient outcomes remain limited. Therefore,
we conducted a single-center retrospective study to
evaluate the impact of Peg-G versus Dailly G mobiliza-
tion on donor collection efficacy and recipient engraft-
ment outcomes after allo-HCT.

Materials and Methods

Patient cohort

Patients were eligible if they underwent a first allo-
HCT for hematopoietic diseases at our institution be-
tween 2017 and 2024. The choice of G-CSF formula-
tion for donor mobilization was made jointly by the
treating physician and donor. Following its approval in
Japan in 2021, the use of Peg-G increased substantially.
A total of 40 donor-recipient pairs were included in the
analysis (Daily G: n=20; Peg-G: n=20). The Hema-
topoietic Cell Transplantation-Specific Comorbidity In-
dex (HCT-CI) and Disease Risk Index (DRI) were cal-
culated as previously described'"'. Adverse events were
graded according to the Common Terminology Criteria
for Adverse Events version 5.0 (CTCAE v5.0). This
study was approved by the Ethics Committee of Yama-
gata University Hospital (approval numbers 2024-321
and 2025-108) and conducted in accordance with the
Declaration of Helsinki. The requirement for written in-
formed consent was waived owing to the retrospective
nature of the study, and an opt-out consent process was
implemented in accordance with institutional policy.

Donor stem cell mobilization and collection

All donors underwent PBSC collection using the
Spectra Optia® apheresis system. In this study, day 1
was defined as the first day of G-CSF administration.
In the Daily G group, either filgrastim or lenograstim
was administered daily until completion of apheresis in
accordance with Japanese prescribing and licensing
guidance. Filgrastim was administered at 400 pg/m’/day
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and lenograstim at 10 ug/kg/day for 4-6 days. The dose
was reduced if the white blood cell (WBC) count ex-
ceeded 50,000/puL before apheresis and discontinued
when the WBC count reached 75,000/uL. Leukaphere-
sis was planned for day 4 or 5 and adjusted according
to the peripheral blood CD34" cell count. In the Peg-G
group, pegfilgrastim was administered as a single 7.2
mg subcutaneous injection on day 1. Donors were ad-
mitted on day 4, and leukapheresis was started on day
5 if peripheral blood CD34" cell counts measured on
the morning of day 5 were approximately = 30/uL. The
minimum target yield for successful collection was de-
fined as 2.0 X 10° CD34" cells/kg recipient body
weight. Since 2022, all collections have been performed
using the continuous mononuclear cell collection
(CMNC) mode of the Spectra Optia”™ system. The target
processed blood volume was generally set at approxi-
mately twice the donor’s total blood volume (TBV),
with adjustments made based on the peripheral blood
CD34" cell count on the day of collection and the target
CD34" cell dose required for transplantation.

Approximately 1 hour before the planned completion
of apheresis, an intermediate product sample was ob-
tained to estimate the final CD34" cell yield. Collection
was terminated when the target CD34" cell dose had
been achieved or was predicted to be achieved based on
the interim assessment. If the projected yield was insuf-
ficient, apheresis was extended within acceptable limits
after consideration of donor fatigue and procedural
safety.

Recipient conditioning and GVHD prophylaxis
regimens

Conditioning regimens were selected according to
performance status (PS), underlying disease, disease
status, and stem cell source. PS was estimated using the
Eastern Cooperative Oncology Group performance
status scale”. Patients with hematologic malignancies
received either a myeloablative total body irradiation
(TBI)-based regimen or a reduced-intensity conditioning
(RIC) regimen. Patients with nonmalignant disorders,
including severe aplastic anemia, received RIC regi-
mens. The most commonly used graft-versus-host dis-
ease (GVHD) prophylaxis consisted of tacrolimus
(TAC) or cyclosporine A (CsA) combined with
methotrexate (MTX) and/or mycophenolate mofetil
(MMF). Post-transplant cyclophosphamide (PTCy)-
based GVHD prophylaxis was used for haploidentical
hematopoietic cell transplantation (haplo-HCT).

Recipient engraftment outcome definitions
Neutrophil engraftment was defined as the first of 3

consecutive days with an absolute neutrophil count

2> 500/uL. Reticulocyte recovery was defined as a re-
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Table 1. Donor characteristics
Donor characteristics Daily G (n=20) Peg-G (n=20) p value
Age (years), median (range) 37 (24-64) 36 (21-59) 0.31
Sex, n (%)
Male 11 (55%) 8 (40%) 0.53
Female 9 (45%) 12 (60%) 0.53
Body weight (kg), median (range) 70.0 (46.0-123) 58.8 (42.5-100) 0.17

BMI (kg/m?2), median (range)
G-CSF formulation, n

Filgrastim 10
Lenograstim 10
Pegfilgrastim 0

25.2 (18.7-40.2)

21.8(18.3-31.9) 0.21

0
0
20

Comparisons of categorical variables were performed using Fisher's exact test, whereas
comparisons of continuous variables were performed using the Mann-Whitney U test.

BMI, body mass index.
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(A) Box plot showing WBC (/uL) trends. (B) Box plot showing CD34* cells (/uL) trends. All statistical compari-
sons between groups were performed using the Mann-Whitney U test.

ticulocyte count = 1% for 2 consecutive days. Platelet
engraftment was defined as a platelet count > 2 X 10%
puL without transfusion support for 7 consecutive days.

Statistical analyses

Continuous variables were compared using the
Mann-Whitney U test, and categorical variables were
compared using Fisher’s exact test. Missing data were
not imputed, and analyses were conducted using
complete-case data. All statistical analyses were per-
formed using EZR software (version 1.27)" and Graph-
Pad Prism (version 10).

Results

Donor characteristics, blood cell
counts, and safety

The characteristics of donors mobilized with Daily G
or Peg-G are summarized in Table 1. The median age
was 37 years (range, 24-64) in the Daily G group and

36 years (range, 21-59) in the Peg-G group (p=0.31).

peripheral

Median body weight was 70.0 kg (range, 46.0-123.0)
and 58.8 kg (range, 42.5-100.0), respectively (p=0.17).

Peripheral blood WBC and CD34" cell counts are
shown in Figure 1. WBC counts on day 4 and day 5
tended to be higher in the Peg-G group than in the
Daily G group, although the differences did not
reach statistical significance (day 4: 43,400/uL [range,
25,560-69,160] vs. 51,605/uL [range, 26,040-68,620],
p=0.09; day 5: 39,770/uL [range, 25,950-76,350] vs.
51,640/uL. [range, 28,950-78,530], p=0.09) (Figure 1
A). By contrast, peripheral blood CD34" cell counts
were significantly higher in the Peg-G group on both
day 4 and 5 (day 4: 29.0/uL [range, 8.7-71.0] vs. 90.8/
uL [range, 16.3-236.0], p < 0.01; day 5: 36.9/uL
[range, 19.9-67.6] vs. 93.0/uL [range, 42.7-234], p <
0.01) (Figure 1B).

Donor adverse events are summarized in Table 2.
Most adverse events were grade 1-2 in both groups.
Elevations in liver- and tissue-associated enzymes were
more frequently observed in the Peg-G group, with sig-
nificantly higher incidences of aspartate aminotrans-



Table 2. Donor adverse events
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Adverse events Daily G Peg-G p value
Grade 3-4 AE during mobilization, n (%) 0 (0%) 0 (0%)
AE leading to discontinuation, n (%) 0 (0%) 0 (0%) -
Serious AE after mobilization, n (%) 0 (0%) 11 (5%) > 0.99
Most common AEs during mobilization
AST Grade 1-2 1 (5%) 7 (35%) 0.04
Grade 3-4 0 0 -
ALT Grade 1-2 3 (15%) 5 (25%) 0.69
Grade 3-4 0 0 -
v-GTP Grade 1-2 1 (5%) 2 (10%) > 0.99
Grade 3-4 0 0 -
LDH Grade 1-2 13 (65%) 20 (100%) 0.0083
Grade 3-4 0 0 -
ALP Grade 1-2 7 (35%) 20 (100%) < 0.0001
Grade 3-4 0 0 -
Not assessed 5 (25%) 0 0.047
Bone/ Back Pain Grade 1-2 14 (70%) 16 (80%) 0.72
Grade 3-4 0 0 -
Fever Grade 1-2 0 1 (5%) > 0.99
Grade 3-4 0 0 -
Headache Grade 1-2 1 (5%) 2 (10%) 0.69
Grade 3-4 0 0

Comparisons of categorical variables were performed using Fisher’s exact test, whereas
comparisons of continuous variables were performed using the Mann-Whitney U test.
Not assessed indicates that the laboratory test was not performed.
AE, adverse event; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
v-GTP, y-glutamyl transpeptidase; LDH, lactate dehydrogenase; ALP, alkaline phospha-

tase.
T Splenic rupture occurred in one donor.

ferase (AST) elevation (1 vs. 7 donors, p=0.04), lactate
dehydrogenase (LDH) elevation (13 vs. 20 donors, p=
0.0083), and alkaline phosphatase (ALP) elevation (7
vs. 20 donors, p < 0.0001). No significant difference
was observed in alanine aminotransferase (ALT) eleva-
tion (3 vs. 5 donors, p=0.69). Bone pain was also more
common in the Peg-G group, although the difference
was not statistically significant (14 vs. 16 donors, p=
0.72). One serious adverse event, namely splenic rup-
ture, occurred in the Peg-G group. This occurred
shortly after PBSC collection on day 5 following Peg-G
administration and presented with left upper quadrant
abdominal pain. Computed tomography (CT) revealed
splenomegaly with a mild splenic rupture and a small
volume of perisplenic and pelvic hemoperitoneum. The
donor was managed conservatively with close observa-
tion. A follow-up CT demonstrated no progression of
the splenic injury and symptoms resolved without inva-
sive intervention or need for transfusion. A repeat CT
scan 1 month later confirmed complete resolution'.

Leukapheresis products
In the Daily G group, leukapheresis was performed
on day 4 only in 8 donors (40%), on day 5 only in 11

donors (55%), and on both days 4 and 5 in one donor
(5%). In the Peg-G group, all donors underwent leu-
kapheresis on day 5 as scheduled. Leukapheresis out-
comes are summarized in Figure 2. There was no sig-
nificant difference in the recipient-to-donor body weight
ratio (RBW/DBW) between the two groups (Figure 2
A). The median processed blood volume (PBV), PBV
relative to total blood volume (PBV/TBV), and total
time of apheresis (TTA) were significantly lower in the
Peg-G group than in the Daily G group (PBV: 9,212
mL [range, 6,428—-19,221] vs. 7,061 mL [range, 4,375—
10,909], p=0.0026; PBV/TBV: 2.1 [range, 2.0-4.2] vs.
2.0 [range, 0.90-2.7], p=0.0063; TTA: 213 min [range,
155-386] vs. 157 min [range, 107-244], p < 0.0001)
(Figure 2B-D). The median product volume was sig-
nificantly lower, and the median CD34" cell yield was
significantly higher in the Peg-G group than in the
Daily G group (product volume: 247 mL vs. 150 mL, p
< 0.0001; CD34" cell yield: 3.3 X 10° vs. 5.9 X 10°
CD34" cells/kg RBW, p=0.0009) (Figure 2E, F).

Recipient characteristics
Recipient characteristics are summarized in Table 3.
The median age was 44 years (range, 20—67) in the
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PBV 9212 (6428-19221) 7061 (4375-10900) 0.0026
PBVITBY 21(20-42) 20(0.90-27) 0.0063
Total Time of Apheresis 213 (155-386) 157 (107-244) <0.0001
Product Volume 247 (143-495) 150 (91-230) <0.0001
CD34" cells in product ( < 10°/RBW (kg) 3.3(1.8-83) 5.8(2.3-17) 0.0009

Abbreviations: RBW, recipient body weight; DBW, donor body weight; PBY, processed blood volume; TBY,

total blood volume.

Figure 2. Leukapheresis outcomes

(A) Ratio of recipient body weight to donor body weight (RBW/DBW). (B) Processed blood volume
(PBV, mL). (C) Ratio of processed blood volume to total blood volume (PBV/TBV). (D) Total time of
apheresis (TTA, minutes). (E) Leukapheresis product volume (PV, mL). (F) CD34* cell count in the leu-
kapheresis product, expressed as X 108 cells per kg of recipient body weight (X 108/kg RBW). One do-
nor in the Daily G group underwent leukapheresis on two consecutive days. All statistical comparisons
between groups were performed using the Mann-Whitney U test.

Daily G group and 57 years (range, 24-72) in the Peg-
G group (p=0.12). Because the introduction of haplo-
HCT with PTCy at our institution coincided with the
adoption of Peg-G mobilization, the Daily G group
tended to include more matched sibling donor trans-
plants (13 vs. 6, p=0.056), whereas the Peg-G group
tended to include more haploidentical donor transplants
(7 vs. 14, p=0.056). Disease status at transplantation
was comparable between the two groups, with similar
proportions of patients transplanted in complete remis-
sion (CR) and non-CR. HCT-CI scores were predomi-
nantly low in both groups. Although not statistically

significant (11 vs. 15 recipients, p=0.32), post-
transplant G-CSF administration was more frequent in
the Peg-G group, likely reflecting a higher proportion
of PTCy-based haplo-HCT.

Recipient engraftment outcomes
Times-to-engraftment analyses are shown in Figure
3. Median time to neutrophil engraftment was signifi-
cantly shorter in the Daily G group than in the Peg-G
group (14 days [range, 4-25] in Daily G vs. 18 days
[range, 13-27] in Peg-G, p=0.012). These differences
should be interpreted with caution because of the higher
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Table 3. Allo-HCT recipient characteristics

Recipient characteristics Daily G (n=20) Peg-G (n=20) p value
Age, median (range) 44 (20-67) 57 (24-72) 0.12
Sex, n (%)
Male 9 (45%) 12 (60%) 0.53
Female 11 (55%) 8 (40%) 0.53
Body weight (kg), median (range) 58.5 (41.0-86.8) 65.9 (35.4-92.2) 0.63
Disease, n (%)
AML/High-risk MDS 11 (55%) 10 (50%) > 0.99
ALL 2 (10%) 5 (25%) 0.41
ML 2 (10%) 1 (5%) > 0.99
CML 3 (15%) 2 (10%) > 0.99
MPN 1 (5%) 1 (5%) > 0.99
AA 1 (5%) 1 (5%) > 0.99
Donor type, n (%)
Matched related 13 (65%) 6 (30%) 0.056
Haploidentical 7 (35%) 14 (70%) 0.056
ABO matched, n (%)
Matched 11 (55%) 15 (75%) 0.32
Major mismatched 4 (20%) 3 (15%) > 0.99
Minor mismatched 5 (25%) 1 (5%) 0.18
Major-minor mismatched 0 (0%) 1 (5%) > 0.99
Disease status at HCT, n (%)
CR 8 (40%) 11 (55%) 0.53
CP 3 (15%) 2 (10%) > 0.99
non-CR 5 (25%) 4 (20%) > 0.99
PR 1 (5%) 1 (5%) > 0.99
NA 3 (15%) 2 (10%) > 0.99
HCT-CI, n (%)
0 17 (85%) 14 (70%) 0.45
1 1 (5%) 2 (10%) > 0.99
2 1 (5%) 1 (5%) > 0.99
3 0 (0%) 1 (5%) > 0.99
4 1 (5%) 1 (5%) > 0.99
5 0 (0%) 1 (5%) > 0.99
DRI, n (%)
Very High 2 (10%) 2 (10%) > 0.99
High 8 (40%) 11 (55%) 0.53
Intermediate 9 (45%) 5 (25%) 0.32
NA 1 (5%) 2 (10%) 0.55
Conditioning regimen, n (%)
MAC 8 (40%) 4 (20%) 0.30
RIC 12 (60%) 16 (80%) 0.30
TBI, n (%)
Yes 16 (80%) 18 (90%) 0.66
No 4 (20%) 2 (10%) 0.66
GVHD prophylaxis, n (%)
TAC/sMTX 7 (35%) 5 (25%) 0.73
CsA/sMTX 6 (30%) 0 (0%) 0.02
TAC/MMF/PTCy 6 (30%) 14 (70%) 0.026
TAC/sMTX/MMF/PTCy 1 (5%) 0 (0%) > 0.99
TAC/ATG/sMTX 0 (0%) 1 (5%) > 0.99
G-CSF post HCT, n (%)
Yes 11 (55%) 15 (75%) 0.32
No 9 (45%) 5 (25%) 0.32

Comparisons of categorical variables were performed using Fisher’s exact test, whereas comparisons of continuous variables were performed using
the Mann-Whitney U test.

AML, acute myeloid leukemia; MDS, myelodysplastic syndromes; ALL, acute lymphoblastic leukemia; ML, malignant lymphoma; CML, chronic my-
elogenous leukemia; MPN, myeloproliferative neoplasms; AA, aplastic anemia; HCT, hematopoietic cell transplantation; CR, complete remission; CP,
chronic phase of CML; PR, partial remission; NA, not applicable; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; DRI, disease
risk index; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; TBI, total body irradiation; GVHD, graft-versus-host disease; TAC,
tacrolimus; CsA, cyclosporine A; sSMTX, short-term methotrexate; MMF, mycophenolate mofetil; PTCy, post-transplant cyclophosphamide; ATG, anti-
thymocyte globulin.
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Figure 3. Recipient engraftment

(A) Median day of neutrophil engraftment (> 500/uL) post-HCT. (B) Median day of reticulocyte recovery
(= 1%) post-HCT. (C) Median day of platelet engraftment (> 20,000/uL) post-HCT. One patient who
did not recover blood cell counts is excluded. All statistical comparisons between groups were per-

formed using the Mann-Whitney U test.

proportion of haplo-HCTs with PTCy, which is known
to delay engraftment", in the Peg-G group. Neverthe-
less, neutrophil engraftment was achieved in all evalu-
able patients except for one patient who died of liver
failure on day 19 before engraftment. To explore the
potential impact of post-transplant G-CSF administra-
tion on engraftment kinetics, recipients were further
stratified according to whether post-HCT G-CSF was
administered (Supplementary Table 1). Delayed en-
graftment was observed among patients who did not re-
ceive post-transplant G-CSF, particularly with respect to
platelet recovery.

Discussion

In our cohort, peripheral blood CD34" cell counts in
the Peg-G group were markedly higher on day 5, con-
sistent with previous reports showing that CD34" cell
mobilization following single-dose Peg-G peaks around
day 5 in healthy allogeneic donors™. These findings
support the rationale for scheduling leukapheresis on
day 5 after Peg-G administration. The enhanced mobili-
zation observed with Peg-G translated into higher
CD34" cell yields, lower processed blood volumes, and
shorter apheresis times compared with Daily G, sug-
gesting improved collection efficiency and a reduced
procedural burden for donors.

Peg-G was generally well tolerated in our cohort.
Musculoskeletal symptoms, including bone and back
pain, were numerically more frequent in the Peg-G

group, although all events were grade 1-2 and resolved
spontaneously. Previous studies have identified younger
age and female sex as risk factors for G-CSF-related
bone pain'’. Because donors in the Peg-G group tended
to be younger and more frequently female, these char-
acteristics may have contributed to the higher incidence
of pain observed in our study. We also observed more
frequent elevations in liver and tissue-associated en-
zymes in the Peg-G group. This finding may partly re-
flect the fixed-dose administration of pegfilgrastim irre-
spective of body weight, resulting in relatively greater
drug exposure among lighter donors. Alternatively, the
greater mobilization efficiency of Peg-G may transiently
affect progenitor-cell trafficking and tissue turnover, al-
though the underlying mechanism remains unclear”?.
One serious adverse event, namely mild splenic rupture,
occurred in the Peg-G group'. This finding is consistent
with previous reports describing splenic rupture after G-
CSF administration” . The donor recovered unevent-
fully with conservative management alone. Overall, our
findings are consistent with previous studies demon-
strating the efficacy of Peg-G for PBSC mobilization in
healthy donors.

There are important limitations of this study to ac-
knowledge. First, this was a small single-center retro-
spective study with heterogenous recipient groups,
which limited our ability to robustly evaluate donor
mobilization-dependent recipient outcomes. The princi-
pal difference was the imbalance in donor type between
the study groups that likely caused substantial con-



founding. This imbalance reflected the increasing adop-
tion of PTCy-based haplo-HCT in Japan after approxi-
mately 2020”. Consequently, the delayed engraftment
observed in the Peg-G group should be interpreted with
caution, as it may have been attributable to the higher
proportion of PTCy-haploidentical transplantation rather
than to differences in the donor mobilization strategy it-
self". Several recent reports have suggested that a
higher infused CD34" cell dose (approximately 4-5 X
10°kg RBW) may improve transplant outcomes in
PTCy-based haploidentical peripheral blood stem cell
transplantation without increasing GVHD™'. However,
during the study period, our institutional minimum tar-
get yield remained 2.0 X 10° CD34" cells’kg RBW.
Based on these recent publications™', we are reconsid-
ering the appropriate minimum target CD34" cell dose
for future practice. In addition, prospective multicenter
studies are warranted to further clarify the impact of
Peg-G mobilization on donor collection efficiency and
recipient post-transplant outcomes.

Conclusion

Compared with conventional Daily G, Peg-G was as-
sociated with greater CD34" cell mobilization and more
efficient stem cell collection. Peg-G was generally well
tolerated by donors, although careful monitoring for
rare but potentially serious adverse events, such as
splenic rupture, remains warranted. These findings sup-
port the feasibility of Peg-G as a mobilization strategy
for allogeneic PBSC mobilization. Further studies with
larger, more uniform recipient cohorts are needed to
clarify its impact on recipient outcomes.
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