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ABSTRACT

Objective: To compare donor graft characteristics and clinical outcomes in recipients of allogeneic heamatopoietic stem cell trans-
plantation (HSCT) using GCSF primed bone marrow (GBM) and steady-state bone marrow (SBM) as stem cell sources.

Study Design: Observational study.

Place and Duration of the Study: Department of Clinical Haematology, Armed Forces Bone Marrow Transplant Centre, Rawalpindi,
Pakistan, from August 2018 to October 2020.

Methodology: Eighty patients undergoing allogeneic HSCT were analysed. Among these, forty each received GBM and SBM from
HLA identical siblings. Graft characteristics, such as total nucleated cells, CD34+ cell yield; clinical outcomes such as neutrophil and
platelet engraftment, primary and secondary graft failure (GF), as well as the frequency of acute and chronic graft versus host
disease (GvHD), were recorded and compared using the t-test, with significance at p <0.05.

Results: A statistically significant difference was observed in CD34+ dose with median dose 7.68 (p=0.002) but not in TNC dose
with meadin dose 5 (p=0.86). Neutrophil engraftment occurred much more quickly with median of 13.43 days in the GBM than SBM
group (p=0.025). While no statistically significant difference (p=0.89) in platelet engraftment was reported in both SBM and GBM.
At the same time, patients with both GBM and SBM transplants showed a comparable ratio of acute to chronic GvHD and primary to

secondary GF.

Conclusion: GBM is associated with better CD34+ stem cell yield and quicker neutrophil engraftment in clinical outcomes.
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INTRODUCTION

The source of haematopoietic stem cells (HSCs) for allogeneic
stem cell transplantation has been changing throughout the
previous decades, from the cord blood and bone marrow (BM),
peripheral stem cells (PBSC) moblilised by combination with
BM and primed bone marrow (GBM).' Currently, the most
common source of allogeneic stem cells is PBSCs mobilised
with G-CSF. Many malignant and non-malignant illnesses can
be treated by allogeneic haematopoetic stem cell transplanta-
tion HSCT.
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According to the Center for International Blood and Marrow
Transplantation Research (CIBMTR), PBSC accounted forup to
80% of donations among people under the age of 20 years, and
BM accounted for up to 15% of stem cell sources worldwide
between 2007 and 2011.>Over the past 20 years, PBSCs have
replaced BM as the main source of stem cells due to their rapid
engraftmentand viability.?

Steady-state PBSCs and steady-state bone marrow (SBM) have
the same potential forengraftmentin autologoustransplants.*
Additional research has revealed that G-CSF-primed bone
marrow (GBM) may besafely givento patientsundergoingautol-
ogous transplantation and can produce engraftment equiva-
lenttothat of GCF mobilised PBSC. It also outperforms unprimed
BMintermsof success. The effects of various transplant prepar-
ative regimens and previous chemotherapy make autologous
transplantation a poor model system for determining the
viability of this concept.®’

Intheallogeneictransplant context, G-PBSCs offer some advan-
tages mainly due to the larger cell dose compared to SBM and
progenitor cells that are slightly more differentiated than BM,
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that result in rapid platelet and neutrophil engraftment with
rapid immune reconstitution.**However, disease-free survival
(DFS), transplant-related mortality (TRM), and overall survival
(OS) are similar for both sources. Although both acute and
chronic graft-versus-host disease (GvHD) depend on HSC
sources, their effect on survival, severity, susceptibility to
immunotherapy, disease type, and graft-versus-leukemia (GVL)
effect.’**

Patients receiving amount of HSCs and other immune cells,
suchas cytotoxic T cells and natural killers is crucial because it
affects both the onset and severity of GvHD, the most serious
side effect of allo-HSCT, at one hand while on the other hand,
they also determine the success or failure of the transplanta-
tion through GVL.***® Until now, there has been no published
data onthe comparison of various sources of stem cells usedin
HSCT in Pakistan. The rationale of the present study was to
compare GBM as a source of stem cells with SBM in allogeneic
bone marrow transplant, and its effect on stem cell dose,
engraftment, GvHD, GF, DFS, and OS. The objective of this
study was to compare donor graft characteristics and clinical
outcomes in recipients of allogeneic HSCT using GBM and SBM
asstemcellsources.

METHODOLOGY

This prospective observational study inducted patients under-
going allogeneic bone marrow transplants (BMT) at the Armed
Forces Bone Marrow Transplant Centre, Rawalpindi, Pakistan,
from August 2018 to October 2020. The analysis excluded
patients of haploidentical HSCT, second transplants, and
patientsreceiving PBSCalone or PBSCplusBMH. The finalanal-
ysis comprised 80 patients, 40 each received SBM and GBM.
Age, gender, diagnosis with risk categories, ABO, and gender
mismatch are among the data variable collected. Informed
consent was obtained from each volunteer prior to BMT and
approved by the Institutional Ethical Research Board (IRB/
FCPS-011/AFBMTC/Approved/20).

All donors and recipients were HLA-typed using PCR-SSP
(according to the user manual) for both HLA class | and I
alleles. Patients underwent myeloablative (MAC), non-
myeloablative (NMA) or reduced intensity (RIC), conditioning
regimens according to their status and the transplant proce-
dures. Antithymocyte globulin (ATG), Cyclosporin, and/or
Metho-trexate were utilised for GvHD prophylaxis. G-CSF 10
ug/kg subcutaneousinjection was giventodonors forfour days
tothe GBM arm (from Day 3to Day 0). BM was extracted onthe
day of a transplant from posterior and lateral iliac crests with
15-20 ml/kg of donor body weight under general anaesthesia.
Since GBM has high TNC due to high neutrophil count, the
authors corrected the TNC according to the following formula:
Corrected TNC =TNCx 45 /neutrophil% in BMH. This correction
was based on the mean neutrophil count obtained in un-
primed BMH that was found to be 45%. Using flow cytometry on
a BD FASC Caliber flow cytometer, CD 34+ count in the
collected bone marrow sample was evaluated. The donors

were closely watched for any untoward effects till complete
recovery.

Data were analysed using SPSS version 25.0 software. Mean
with standard deviation for numerical variables were calcu-
lated and tested using independent samples. Frequency and
percentage were determined for classification variables.
Paired t-test was used to evaluate the effect of GCSF priming
on platelet and neutrophil transplantation, primary and
secondary graft failure, and acute and chronic GVHD. A t-test
value of =0.05 was considered statistically significant

RESULTS

Atotal of 80 patients were included. Demographic characteris-
tics of the recruited donors and recipients for BMT are given in
Table I. G-CSF priming before the harvest was done in 50% of
cases, whiletheotherhalfreceived unprimed marrow. Theasso-
ciation of priming with stem cell yield, engraftment, graft
failure, and GvHD is given in Tables I, Il, and Ill, respectively.
Table Il presents BMT donors' CD34+ and TNC counts in SBM
and GBM. The median corrected TNC dose obtained from
primed marrow was 5.00x 10%kg (range = 2.96 - 6.64). The
median corrected TNC dose for unprimed marrow was 4.98 x
10%kg (range = 2.72 - 8.8). The findings were not statistically
significant between the groups (p=0.86) (Table II). The median
CD34+ dose from primed and unprimed marrow was 7.68 x
10°%/kg (range 2.96 - 6.64) and 4.5 x 10°/kg (range 1.53 - 12.6),
respectively. CD34 yields from primed marrow were signifi-
cantly higherthanunprimed marrow (p=0.001, Tablell).

Neutrophil engraftment occurred in all patients. The median
time to neutrophil engraftmentwas 12.5 days (10-16) in recipi-
entsof primed marrowand 13.0days (11-21) post-transplantin
unprimed marrow recipients. Neutrophil engraftment occurred
significantly earlier in primed marrow recipients (p=0.003)
(Table IIl). Platelet engraftment was achieved at a median of
day 19(10-40days)inprimed marrow andday 22 (14 - 64 days)
in unprimed marrow. The difference between the groups was
statistically significant (p=0.002, Table Ill). Of the 2 patients
who failed to engraft platelets despite achieving neutrophil
engraftment, onediedonDay 32 duetosepsis. The otherexperi-
enced secondary graftfailure on Day 60.

With a median follow-up of 1l-year, secondary graft failure
occurred in four patients, 1 of whom received primed marrow
andthreeunprimed.Thesamplesizeistoosmalltodrawamean-
ingful association between secondary graft failure and marrow
priming.

GvHD occurred in 37 of 79 patients (46%), out of them, 26
patients had acute, 5 patients had chronic, and six patients
developed both acute and chronic GvHD. Skin is the most
common organ, 22 patients had isolated skin GvHD, and
another 4 patients had combined skin and intestinal GvHD.
Isolated liver and gut aGvHD affect 1 patient each. The differ-
ence between primed and unprimed marrow and the incidence
of acute GvHD, 37% (n=15) vs. 42% (n=17), was not statisti-
callysignificant(p=0.58).
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Table I: Demographics characteristics of the recruited donor and recipient for BMT.

Age Gender Weight
Median age Minimun (years) Maximum (years) Female (n) Male (n) Female (kg) Male (kg)
Recipient (n=80) 8 0.7 42 58 (72.5%) 22 (27.5%) 28 37
Donor (n=80) 11.5 4 42 21 (26.3%) 59 (73.7%) 38.8 37
Table II: Graft characteristics comprising TNC and Cd34+ dose in SBM and GBM grafts.
TNC dose (10°/kg) CD34+ (10°kg) t-test
Mean S.D Median Min Max Mean S.D Median Min Max
GBM (primed) (n=40) 4.76 +1.2 5 2.72 7.6 9.22 +5.57 7.68 2.48 24.1 0.001
SBM (unprimed) (n=40) 4.77 +0.79 4.98 2.96 6.64 5.40 +2.67 4.5 2 12.68
Table llI: Clinical outcomes comprising neutrophil and platelet engraftment in SBM and GMB transplanted patients.
Neutrophil Engraftment Platelet Engraftment
Mean Median Mode SD N p-value Mean Median Mode SD N t-test
GBM 13.435 13 13 +3.17 40 0.003 20.05 19 19 +6.47 40 0.002
SBM 12.425 12.5 13 +1.33 39 2471 21 20 +13.3 38
DISCUSSION receiving 7 days protocol compared to 2 days protocol.

The CD34+ count was substantially greater in primed donors
than in unprimed donors in the current investigation,
however, there was no discernible difference in TNC yield
between primed and unprimed bone marrow collection. In G-
CSF primed bone marrow, early neutrophil engraftment was
detected, but this effect was not found for platelet recovery.
There was no difference in the occurrence of primary and
secondary graft failure, acute or chronic GvHD, or either.
The study involved 80 patients, with 40 in each group, and a
significant multicentre trial is required to draw firm conclu-
sions about the efficacy of primed bone marrow.

According to Schmitz et al., G-BM includes high CD34+ cells
than SBM, which is evident from the quicker neutrophil and
platelet engraftment. G-CSF-mobilised PBSC is virtually equi-
valent to G-BM in neutrophil and platelet engraftment to a
lesser extent.'’ The present results are in agreement as
more CD34+ cells and quicker neutrophil engraftment were
observed in GBM.

Faster neutrophil and platelet engraftment was seen in
comparing GBM and SBM patients. However, no changes in
the incidence of aGvHD were observed in the previous
studies. Isola et al. compared 112 patients as historical
controls receiving SBM with 17 patients who received GBM
grafts. The study found accelerated neutrophil and platelet
engraftment in the GBM group.™® This study is in concurrence
with the present study as faster neutrophil engraftment in
GBM and similar GvHD in both SBM and GBM groups were
observed. Couban et al. used bone marrow using G-CSF with
dose 10 ug/kg per day for four days and observed neutrophils
and platelets fast recruitment in GBM (n=29) compared to
historical transplant SBM (n = 20)." Ji et al. used two G-CSF
priming protocols, 10 ug/kg per day for two days and 3-4
ug/kg per day G-CSF for seven days, and reported quicker
neutrophil and platelet engraftment with GBM grafts

CD34+ counts were high among 7-day protocol.”® While Ji et
al. observed a lower cGvHD in 2-day G-CSF protocol
compared with 7 days. In another study by Ji et al.”*, both
SBM and GBM-treated patients, had a similar rate of cGvHD.
Ostronoff et al. compared the outcomes of 38 patients who
received GBM (5 g/kg per day G-CSF for five days) and BM
with historical patient data, showing that the GBM grafts had
quicker neutrophil engraftment and equivalent platelet
engraftment,” while in the current study faster neutrophil
engraftment in GBM, while similar platelet engraftment in
both GBM and SBM groups were observed. Similar to this
study’s RESULTS, aGvHD and cGvHD patterns in both GBM
and SBM groups were observed by Ostronoff et al.

CONCLUSION

GCSF-primed bone marrow offers advantages in terms of
CD34+ stem cell yield and faster neutrophil engraftment in
allogeneic HSCT. However, it does not significantly impact
total nucleated cell yield, platelet engraftment, or the inci-
dence of GvHD or graft failure. Further research is needed for
definitive conclusion.
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