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STRUCTURED ABSTRACT

Background—The /in vivo depletion of recipient and donor T-lymphocytes using anti-thymocyte
globulin (ATG) is widely adopted in allogeneic hematopoietic stem cell transplantation (HCT) to
reduce the incidence of both graft failure and graft versus host disease (GVHD). However excess
toxicity to donor lymphocytes may hamper immune reconstitution, compromising anti-tumour
effects and increasing infection. Granulocyte-colony stimulating factor (G-CSF) administered
early after HCT may increase ATG-mediated lympho-toxicity.

Objective—Our study objective was to investigate the effect of an interaction between ATG and
post-transplant G-CSF on allogeneic transplant outcomes, using the Center for International Blood
and Marrow Transplant Research (CIBMTR) registry.

Study Desigh—We studied patients aged =18 years with acute myeloid leukemia (AML) and
myelodysplastic syndrome (MDS) who received thymoglobulin-containing preparative regimens
for HLA-matched sibling/unrelated or mismatched unrelated donor HCT from 2010-2018. The
effect of planned G-CSF that was started between pre-transplant day 3 and post-transplant day 12
was studied in comparison to transplantations that did not include G-CSF. Cox regression models
were built to identify risk factors associated with outcomes 1 year after transplantation.

Results—874 patients met study eligibility criteria; 459 (53%) received planned G-CSF. HCTs
with planned G-CSF significantly increased risk for non-relapse mortality (HR 2-:03, p<0:0001;
21% vs. 12%) compared to HCTs without G-CSF. The 6-month incidence of viral infections

was higher with G-CSF (56% vs. 47%, p=0-007), with a particular increase in EBV infections
(19% vs. 11%, p=0-002). The observed higher non-relapse mortality with planned G-CSF led to
lower overall survival (HR 1.52, p=0-0005; 61% vs. 72%). There was no difference in GVHD risk
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between treatment groups. We include two subgroup analyses showing our findings held true (i) in
patients aged =50 years and (ii) in centers where G-CSF was used in some but not all patients.

Conclusion—In allogeneic peripheral blood HCT performed with Thymoglobulin for AML and
MDS, G-CSF administered early post-transplant results in a two-fold increase in non-relapse
mortality and a 10% absolute decrement in survival. The use of planned G-CSF in the early
post-transplant period should be carefully considered on an individual patient basis, weighing any
perceived benefits against these risks.

Graphical Abstract

Disease-Free Survival Overall Survival
100 7 100 No G-CSF (72%)
= 4 i o ®
= a{}_ No G-CSF (58%) = 80
g 60 7 % 60 Yes G-CSF (61%)
a 1 Yes G-CSF (47%) a
2 40 g 40
2 1 4
2 2] P=0.0006 | < 20 P=0.0001
01 o7 —
4 2 4 3 8 10 12 4 2 4 6 8 10 12
Months. Months
Non-Relapse Mortality Relapse
4 100 ] s 100
5 1 P<0.0001 o P=0.17
1 2
§ %] 5 80
2 60 £ 60
2 1 2
3 40 7 3 40 - .
5 : Yos G-CSF (21%) 5 Yes G-CSF (31%)
% 20 ] % 20 No G-CSF (30%)
: No G-CSF (12% ;
20'—"""7-_ a..F.}.Eo... . .
4 2 4 6 8 10 12 A 2 4 6 8 10 12
Months Months

INTRODUCTION

The /n vivo depletion of recipient and donor T-lymphocytes using anti-thymocyte globulin
(ATG) is a widely adopted approach to reduce both graft rejection and graft-versus-host
disease (GVHD) in allogeneic hematopoietic stem cell transplantation (HCT). Randomized
control trials have convincingly shown that ATG decreases the incidence of GVHD and
improves quality of life but none of the studies have demonstrated a survival advantage.1-
Four recent meta-analyses evaluating the use of ATG in allogeneic HCT have also
reported a significant reduction in both acute and chronic GVHD without a difference in
overall survival or non-relapse mortality (NRM)®-2 and an international expert consensus
now recommends the inclusion of either thymoglobulin or anti-T lymphocyte globulin
with myeloablative conditioning regimens for HLA-matched sibling and HLA-matched

or mismatched unrelated donor peripheral blood HCT.19 The use of thymoglobulin or
anti-T lymphocyte globulin with reduced intensity conditioning regimens for hematologic
malignancy is considered appropriate, but is not uniformly employed due to a potential
higher risk of relapse.10

ATG has a long half-life and there is substantial inter-patient variability in its clearance.!
ATG exposure is mediated by dose, timing of administration and patient-related factors such
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as weight and lymphocyte count at time of ATG infusion.12:13 Pharmacokinetic studies have
shown that high ATG exposure post-transplant has an adverse effect on survival in adults
with hematologic malignancy.12 In children with myeloid malignancy, high ATG exposure
has been shown to decrease CD4+ cell immune reconstitution with higher risk for death
related to infections and increased risk for relapse.13

Granulocyte-colony stimulating factor (G-CSF) may be used to hasten hematopoietic
recovery after allogeneic HCT. Data from de Koning and colleagues suggest that this
practice might sensitize lymphocytes to the cytotoxic effects of residual ATG.14 G-CSF
drives myeloid precursor proliferation and differentiation while also functionally activating
phagocytosis, at least partially through induction of the 1gG receptor FcyR1.1%16 In ex vivo
experiments, G-CSF-primed neutrophils display dramatically higher antibody-dependent
cellular phagocytosis (ADCP) and antibody-dependent cellular cytotoxicity (ADCC) for
ATG-coated cells.* Thus we hypothesize that in the presence of residual post-transplant
ATG, G-CSF exaggerates donor lymphocyte clearance, with a net detrimental effect on
immune reconstitution similar to that seen with high ATG exposure. To test our hypothesis,
we evaluated allogeneic HCT performed with ATG (thymoglobulin)-containing preparative
regimens in patients aged =18 years with acute myeloid leukemia (AML) or myelodysplastic
syndrome (MDS) and compared outcomes in those who received planned G-CSF to those
who did not.

METHODS

Patients

Data were obtained from the Center for International Blood and Marrow Transplant
Research (CIBMTR), a working group of transplant centers who submit data on
standardized reporting forms with patients being followed longitudinally. Patients were
transplanted in the United States at 76 transplant centers from 2010 to 2018. Included

are patients aged =18 years with AML in first or second complete remission, or MDS
(refractory anaemia, refractory anaemia with ringed sideroblasts, refractory cytopenia with
multilineage dysplasia, refractory anaemia with excess blasts). Eighteen (24%) of 76
centers used planned G-CSF in all patients. Thirty-four (45%) centers used no planned
G-CSF in any patients and 24 (31%) centers performed transplants with planned G-

CSF in some but not all patients during the study period. Patients received peripheral
blood graft from HLA-matched sibling, HLA-matched or 1-locus mismatched unrelated
donors. Patients received myeloablative or reduced intensity conditioning regimens and
ATG (Thymoglobulin). GVHD prophylaxis included a calcineurin inhibitor with either
methotrexate or mycophenolate. Of the 874 eligible patients, 459 patients were recorded
as having received planned G-CSF. The first date of G-CSF administration ranged from 3
days before infusion of the graft to 12 days after infusion of the graft. Transplantations
that included G-CSF for a clinical indication (prolonged pancytopenia, infection or other
specified/unspecified clinical indications) were excluded. Also excluded were transplants
using equine-ATG or alemtuzumab. Patients provided written informed consent. The
Institutional Review Board of the National Marrow Donor Program study approved the
study.
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Relapse was the primary end point. Other endpoints studied included hematopoietic
recovery, acute and chronic GVHD, NRM, disease-free and overall survival. 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 20 x 10%/L unsupported
for 7 days. Grade II-1V acute and chronic GVHD were graded using previously described
criteria.1”18 Relapse was defined as molecular, cytogenetic or morphologic recurrence of
disease. Non-relapse mortality was defined as death in remission. Disease-free survival was
defined as being alive in remission. Surviving patients were censored at last follow-up and
death from any cause was considered an event.

Statistical Analysis

The characteristics of patients who received planned G-CSF and those who did not receive
G-CSF were compared using the Chi-square statistic. The incidences of neutrophil and
platelet recovery were calculated using the cumulative incidence estimator.1® Multivariate
analyses were performed using Cox proportional hazards models2° for acute and chronic
GVHD, relapse, NRM, disease-free and overall survival to examine the effect of planned
G-CSF versus none with adjustment for age, sex, race, Karnofsky performance status (KPS),
HCT co-morbidity score, cytomegalovirus serostatus, body mass index, disease risk index,
conditioning regimen, GVHD prophylaxis and transplant period. The start time for all
analyses was day+12 from the date of transplantation which allowed us to consider the
effect of planned G-CSF on transplant outcomes. A stepwise model building approach

was adopted, and variables that attained a p-value <0.05 were retained in the final model
with the exception of the variable for G-CSF administration which was held in the final
model regardless of its level of significance. The incidence of acute and chronic GVHD

and the probabilities of relapse, NRM, disease-free and overall survival were calculated
from the final Cox model.2122 The incidence of infections within 100 days and 6-months
after transplantation was calculated using the cumulative incidence estimator.19 An effect of
transplant center effect on survival was tested using the frailty model.23 Two subset analyses
to study the effect of planned G-CSF versus none were performed: 1) patients aged =50
years and 2) patients transplanted at the 24 centers that used planned G-CSF in some but not
all patients during the study period. All p-values are two-sided and analyses were done using
SAS version 9-4 (Cary, NC).

Role of the funding source

The funding sources had no role in study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the decision to submit this article for
publication. All authors had full access to the data and the corresponding author had final
responsibility for the decision to submit for publication.
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RESULTS

Patient, disease and transplant characteristics

Patient, disease and transplant characteristics by treatment group are shown in Table 1.
Four hundred and fifty-nine recipients received planned G-CSF for their transplantation and
415 recipients did not receive G-CSF. The characteristics of the patients in the treatment
groups were comparable except for age at transplant (18-49 years or 50-80 years) and
hematopoietic cell transplant co-morbidity score (<2 or =3). Compared to patients who
received planned G-CSF, patients who did not receive G-CSF were more likely to be aged
18-49 years (20% vs. 14%, p=0-02) and report co-morbidity scores <2 (51% vs. 43%,
p=0-03). The median age of patients who did not receive G-CSF was 62 years compared

to 64 years for those who received planned G-CSF. A third of patients had body mass
index greater than 30, meeting the Center for Disease Control and Prevention definition

of obesity. MDS was the predominant disease type in both groups. The proportion of
patients with intermediate and high disease risk index was similar between treatment groups.
HLA-matched unrelated donor was the predominant donor type in both treatment groups
accounting for approximately 80% of transplantations. However, HLA-matched sibling
transplantations were less common in the group that did not receive G-CSF compared

the group that received planned G-CSF (7% vs. 13%, p=0-03). An alkylating agent with
fludarabine was the predominant preparative regimen. Among recipients of myeloablative
regimens, fludarabine/busulfan regimen was more common in the group who received G-
CSF. All regimens included thymoglobulin and the median dose was 4-5 mg/kg for both
groups. A calcineurin inhibitor with methotrexate was the predominant GVHD prophylaxis
in both groups. The median follow-up was 49 months in the group that received planned
G-CSF and 50 months in the group that did not receive G-CSF.

Patient, disease and transplant characteristics of patients from the 24 centers that performed
transplantation with planned G-CSF in some but not all patients during the study period

are shown in Supplemental Table 1. The characteristics of the two patient groups in this
subset did not differ except fewer recipients of transplants without G-CSF received their
graft from HLA-matched sibling (4% vs. 13%), and more received calcineurin inhibitor with
methotrexate GVHD prophylaxis regimen (76% vs. 61%) and were transplanted between
2014 and 2018 (63% vs. 56%).

Hematopoietic recovery

The median time to neutrophil recovery in recipients of planned G-CSF was 12 days
(Inter-quartile range [IQR] 11-13 days) compared to 15 days (IQR 13-17 days) in untreated
patients. However, the corresponding day-28 incidence of neutrophil recovery was 98%
(95% ClI: 97-99%) and 98% (95% CI: 97-99%), p=0-97. The median time to platelet
recovery was 17 days (IQR 14-19 days) compared to 15 days (IQR 13-18 days). The
day-100 incidence of platelet recovery was delayed in G-CSF recipients; 93% (95% CI:
90-95%) versus 96% (95% Cl: 94-98%), p=0.023.
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Acute and chronic GVHD

The results of multivariate analysis are shown in Table 2. The incidence of acute and chronic
GVHD was not associated with use of planned G-CSF. Patients with MDS were at higher
risk for grade 11-1V and grade 111-1V acute GVHD. The adjusted day-100 incidence of grade
I1-1V acute GVHD was 39% (95% CI: 34-43%) and 38% (95% CI: 33-42%) in patients

who received planned G-CSF and those who did not receive G-CSF, respectively, p=0-74.
Similarly, grade 111-1V acute GVHD did not differ between treatment groups. The day-100
incidence of grade I11-1V acute GVHD was 14% (95% ClI: 11-17%) and 12% (95% CI:
9-15%), p=0-47 in patients who received planned G-CSF and those who did not receive
G-CSF. Patients with MDS were also at higher risk for chronic GVHD. The adjusted 1-year
incidence of chronic GVHD was 33% (95% Cl: 29-37%) 37% (95% CI: 33-42%) in patients
who received planned G-CSF and those who did not, respectively, p=0-21.

Relapse and Non-relapse mortality

The risk for relapse did not differ between treatment group after adjustment for disease

risk index, KPS and conditioning regimen intensity - the other factors associated with
relapse risk (Table 2). Poor performance status, high disease risk index and reduced intensity
regimen were associated with higher relapse risk and independent of use of G-CSF. The
adjusted 1-year incidence of relapse is shown in Figure 1A.

The risk for NRM was two-fold higher in patients who received planned G-CSF after
adjustment for HCT co-morbidity score and disease (Table 2). NRM risk was higher for
patients with HCT comorbidity score =3 and MDS and independent of use of G-CSF. The
adjusted 1-year incidence of NRM is shown in Figure 1B. Although it is unlikely the effect
of G-CSF given within 12 days after transplantation extends beyond the early post-transplant
period we examined for an effect of G-CSF on longer follow-up. The higher risk for NRM
with planned G-CSF persists with continued with follow up through 5-years (HR 1.56, 95%
Cl: 1.17-2:10, p=0-0028).

Disease-free and Overall survival

Disease-free survival was lower in patients who received planned G-CSF after adjustment
for KPS, disease risk index and regimen intensity (Table 2). Poor performance status,

high disease risk index and reduced intensity regimen were associated with lower
disease-free survival and independent of use of G-CSF. The adjusted 1-year incidence

of disease-free survival is shown in Figure 2A. Lower disease-free survival with planned
G-CSF persists with continued follow up through 5-years (HR 125, 95% CI: 1-05-1-48,
p=0-0106). Similarly, overall survival was lower in patients who received planned G-CSF
after adjustment for KPS, HCT-comorbidity score and disease risk index (Table 2). Poor
performance status, HCT-comorbidity score =3 and high disease risk index was associated
with lower overall survival and independent of use of G-CSF. The adjusted 1-year incidence
of overall survival is shown in Figure 2B. Lower overall survival with planned G-CSF
persisted with continued follow up through 5-years although the level of significance was
marginal (HR 1-19, 95% CI: 0-99-1.44, p=0-0624). We tested for an effect of transplant
center on survival using a gamma frailty model and found none (p=0-32). The effect of
planned G-CSF versus none on survival with a random frailty was HR 1-52, 95% CI 1-20 -
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1.94, p=0-0005 and without a random frailty was HR 1.53, 95% CI 1-20 — 1.95, p=0-0007.
The duration of index hospitalization did not differ by treatment group. For recipients of
planned G-CSF, median index hospitalization was 16 days (IQR 14 — 20) and for those who
did not receive G-CSF, 18 days (IQR 15 - 21).

The 3- and 6-month incidences of viral infection were higher after transplantations with
planned G-CSF (p=0-007). The 3-month incidence of viral infections after planned G-CSF
was 50% (95% CI 45 — 54) compared to 42% (95% CI 38 — 47) for transplants without
G-CSF. The corresponding 6-month incidences of viral infections were 56% (95% ClI

51 - 60) and 47% (95% CI 42 — 52). Among the viral infections, the incidence of
cytomegalovirus infection did not differ by treatment group (Table 3). However, the 3- and
6-month incidence of Epstein-Barr virus (EBV) infection was significantly higher in patients
who received planned G-CSF compared to none (Table 3). All other viral infections were
grouped together, and polyomavirus was the predominant organism in this group. The 3- and
6-month incidence of all other viral infections was higher with planned G-CSF compared

to none (Table 3). There was no significant difference between treatment groups in the
incidence of bacterial or fungal infections. The 6-month incidence of bacterial infections
after planned G-CSF was 48% (95% CI 43 — 53) compared to 42% (95% CI 38 — 47),
p=0-79. The corresponding 6-month incidences of fungal infections were 7% (95% CI 5 - 9)
and 7% (95% CI 4 - 9), p=0-89.

Subset Analyses

A subset analysis was undertaken to ensure our findings held true when the population was
limited to those aged =50 years (Table 4). Consistent with the main analysis, risks for NRM
were higher for transplantations with planned G-CSF and disease-free and overall survival
were lower. Risks for acute and chronic GVHD did not differ by treatment group (Table

4). NRM and overall survival models in patients aged =50 years were adjusted for HCT-
comorbidity score — 232 patients (51%) in the planned G-CSF group had HCT-comorbidity
scores =3 compared to 172 patients (41%) in the group that did not receive G-CSF.

A second subset analysis limited to the 24 centers that transplanted patients with planned
G-CSF in some but not all patients during the study period was performed. Consistent

with the main analysis, NRM (HR 179, 95% CI 1-10 — 2-92, p=0-0187) was higher and
disease-free (HR 1:65, 95% CI 1-24 — 2-21, p=0-0007) and overall survival (HR 1-67, 95%
Cl 1-18 — 2:34, p=0-0035) were lower after transplantations with planned G-CSF. However,
contrary to the main analysis, relapse risk was higher in the group that received planned
G-CSF (HR 166, 95% CI 1-16 — 2-38, p=0-0058). There were no differences in risks for
grade I1-1V GVHD (HR 0:93, 95% CI 0-68 — 126, p=0-64), grade I1I-1V acute GVHD (HR
1.09, 95% CI 0-65 — 1-80, p=0-75) and chronic GVHD (HR 0-91, 95% CI 0-65 — 129,
p=0-59).

Causes of Death

We examined the reported causes of death in the first year after HCT. There were 178 of 459
(39%) deaths among patients who received planned G-CSF and 116 of 415 (28%) deaths in
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patients who did not receive G-CSF. Recurrent disease was the most common cause of death
in both treatment groups. Of the 178 deceased patients who received planned G-CSF, 35%
died from recurrent disease, 17% from GVHD, 21% from infections, 4% from interstitial
pneumonitis, 11% from organ failure and 1% from other causes. Cause of death was not
reported for 17 patients. Of the 116 deceased patients who did not receive G-CSF, 52%

died from recurrent disease, 14% from GVHD, 16% from infections, 4% from interstitial
pneumonitis, 10% from organ failure and 3% from other causes. Cause of death was not
reported for 3 patients.

Discussion

De Koning et al. recently showed ex vivo that exposure to G-CSF increased neutrophil-
mediated ATG cytotoxicity by 40-fold.1* To our knowledge this interaction had not been
previously reported in clinical studies. As thymoglobulin and G-CSF are used widely for
allogeneic HCT in adults with myeloid malignancy, we sought to study whether planned
G-CSF that was initiated between 3 days prior to transplantation and 12 days after
transplantation with thymoglobulin-containing myeloablative or reduced intensity regimens,
had an adverse effect on relapse or survival. The most striking finding of our study is

the twofold increase in NRM risk and consequently lower overall survival at 1-year when
G-CSF was administered at a time when residual thymoglobulin levels are likely to be still
above lymphotoxic thresholds. We acknowledge that patients who did not receive G-CSF
were relatively younger and more likely to report co-morbidity score <2. We addressed

any potential bias of age on NRM and survival by performing a subset analysis limited to
patients aged 50 years and above, and confirmed that the findings of the main analyses hold.
As expected NRM was higher and survival lower for those with co-morbidity scores =3 but
this effect was independent of the effect of planned G-CSF. We also observed higher rates of
EBYV reactivation and viral infections other than CMV reactivation in patients who received
planned G-CSF.

G-CSF-mobilized peripheral blood has been shown to have reduced T-cell proliferative
responses, impaired antiviral functionality of T-cells, and reduced NK cell activity as well
as reduced numbers of NK progenitors.24-27 ATG impairs CD4+ T cell recovery for up to
6 months post-transplant and compromises the generation of the naive T cell compartment,
reducing T cell responses to infection and increasing the risk for EBV reactivation.28 Here
we show that post-transplant exposure to G-CSF amplifies this effect.

We observed a mixed effect of G-CSF on relapse with a higher risk for relapse in a

subset of patients who received planned G-CSF, but only in centers where planned G-CSF
was not consistently used. This suggests that in those centers, planned G-CSF may have
been used preferentially for higher risk patients. When the analysis was restricted to a
comparison between centers using a consistent policy of planned G-CSF in all or in none,
no effect of G-CSF on relapse was found. Historically there has been concern that G-CSF
could promote myeloid leukemic cell proliferation where malignant precursors express
G-CSF receptors.1® This concern has largely been assuaged by clinical experience outside
of patients with G-CSF receptor mutations or monosomies of chromosome 7.15 Limited
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data has even suggested some anti-leukemic efficacy of single agent G-CSF in post-HCT
leukemic relapse.29:30

A potential advantage to planned G-CSF is shorter duration of index hospitalization which
we did not observe in the current analyses. To our knowledge this is the first study that
has specifically examined the effects of planned G-CSF for myeloablative and reduced
intensity transplants performed using Thymoglobulin. None of the previously published
studies examined or took into account a possible interaction between ATG exposure

and G-CSF. Our study has several limitations. First, we lack data on CD4+ recovery

and are unable to confirm our initial hypothesis that G-CSF in the presence of residual
thymoglobulin increases neutrophil-mediated lymphotoxicity with impaired CD4+ cell
recovery. An examination of lymphocyte subsets and the pace of immune recovery is of
particular interest and should be studied in a prospective manner. Second, other types of
antithymocyte globulin and alemtuzumab-containing regimens were excluded a priori as
these agents are not commonly used in the United States. As such our findings are limited
to thymoglobulin-containing regimens for AML and MDS. Third, the ideal approach to
study treatment outcomes is a randomized trial. To our knowledge there are no such trials
that are on-going. Fourth, although we performed a carefully controlled analysis adjusting
for patient, disease and transplant characteristics, we acknowledge there are unknown and
unmeasured factors that were not adjusted for in our analyses. In a subset analysis, we
studied outcomes at centers that performed HCTs with planned G-CSF in some but not

all patients during the study period and confirmed higher NRM and lower survival with
planned G-CSF use. However, based on the available data on patient, disease and transplant
characteristics we are unable to explain the choice of planned G-CSF in some patients and
not others.

A two-fold increase in NRM and a 10% absolute decrement in overall survival observed
with administration of G-CSF beginning 3 days before infusion to 12 days later cannot

be ignored. We conclude that in allogeneic peripheral blood transplantation performed
using thymoglobulin for AML and MDS, the practice of planned G-CSF in the early
post-transplant period must be cautiously considered and any relative benefit with planned
G-CSF weighed against the risk of higher non-relapse mortality and lower survival.
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Highlights

. ATG reduces graft failure and GVHD after HCT but may delay lymphocyte
recovery.

. G-CSF given early after HCT may increase ATG-mediated lymphotoxicity.
. We examine peripheral blood HCT performed with Thymoglobulin for AML

and MDS.

. Planned post-transplant G-CSF adversely impacts disease-free and overall
survival.

. G-CSF also doubles non-relapse mortality and increases viral infection.
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Figure 1: Relapse and Non-relapse mortality
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A: Relapse: The 1-year adjusted incidence of relapse was 31% (95% CI 27-35%) after
planned G-CSF and 30% (95% CI 26-35%) without G-CSF, p=0-17
B: Non-relapse mortality: The 1-year adjusted incidence of non-relapse mortality was 21%

(95% CI 18-25%) after planned G-CSF and 12% (95% CI 9-15%) without G-CSF, p<0-0001
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Figure 2: Disease-free Survival and Overall Survival
A: Disease-free survival: The 1-year adjusted incidence of disease-free survival was 47%

(95% CI 43-52%) after planned G-CSF and 58% (95% CI 53-63%) without G-CSF,
p=0-0006

B: Overall survival: The 1-year adjusted incidence of overall survival was 61% (95% CI
56-65%) after planned G-CSF and 72% (95% CI 68-76%) without G-CSF, p=0-0001
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Table 1.

Patient disease and transplant characteristics

Variables HCT with G-CSF | HCT without G-CSF | P-value

Number 459 415

Age, years 0-02

18-49 66 (14%) 85 (20%)
50-80 393 (86%) 330 (80%)
Sex 0-32
Male 284 (62%) 243 (59%)
Female 175 (38%) 172 (41%)
Karnofsky Performance Status (KPS) 0-62
90-100 250 (54%) 237 (57%)
<90 201 (44%) 178 (43%)
Not reported 8 (2%) -

Hematopoietic cell transplant co-morbidity 0-04
<2 200 (43%) 209 (51%)
>3 258 (56%) 205 (49%)

Not reported 1 (<1%) 1 (<1%)

Body mass index 0-27

18-24.9 127 (28%) 99 (24%)
25-29.9 176 (38%) 159 (38%)
30-34.9 100 (22%) 88 (21%)
>35 55 (12%) 67 (16%)

Not reported 1 (<1%) 2 (<1%)

Disease type 0-56
Acute myeloid leukemia 207 (45%) 179 (43%)
Myelodysplastic syndrome 252 (55%) 236 (57%)

Disease risk index 0-94

Low 21 (5%) 18 (4%)
Intermediate 232 (51%) 217 (52%)
High 196 (43%) 176 (42%)
Not reported 10 (2%) 4 (1%)
Donor type 0-03
HLA-matched sibling 58 (13%) 31 (7%)
HLA-matched unrelated 352 (77%) 330 (80%)
1-locus HLA-mismatched unrelated 49 (11%) 54 (13%)
0-99

Conditioning regimen *

Myeloablative

Transplant Cell Ther. Author manuscript; available in PMC 2022 December 01.
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Variables HCT with G-CSF | HCT without G-CSF | P-value
Fludarabine + busulfan + ATG 145 (32%) 109 (26%)
Busulfan + cyclophosphamide + ATG 33 (7%) 39 (9%)
Total body irradiation + fludarabine + ATG 18 (4%) 29 (7%)

Reduced intensity
Fludarabine + busulfan + ATG 171 (37%) 145 (35%)
Fludarabine + melphalan + ATG 60 (13%) 65 (16%)
Total body irradiation + fludarabine + ATG 32 (7%) 28 (7%)

Graft vs. host disease prophylaxis 0-13
Calcineurin inhibitor + methotrexate 313 (68%) 263 (63%)
Calcineurin inhibitor + mycophenolate 146 (32%) 152 (37%)

Transplant period 0-38

2010-2013

155 (34%)

152 (37%)

2014-2018

304 (66%)

263 (63%)

Page 17

*

Median total ATG dose per kg (IQR) by regimen: HCT with G-CSF: Myeloablative: Fludarabine + busulfan + ATG: 4.0 (4.0, 5-0); Busulfan +
cyclophosphamide + ATG: 5.0 (3-5, 5-0); Total body irradiation + fludarabine + ATG: 5-0 (4-5, 6:0). Reduced intensity: Fludarabine + busulfan
+ ATG: 6:0 (4-0, 6-5); Fludarabine + melphalan + ATG: 4-0 (4-0, 5:0); Total body irradiation + fludarabine + ATG: 3-75 (3.0, 4-5). HCT without
G-CSF: Myeloablative: Fludarabine + busulfan + ATG: 4.5 (4-0, 5:0); Busulfan + cyclophosphamide + ATG: 5-0 (4-0, 6:0); Total body irradiation +
fludarabine + ATG: 4-5 (4-0, 5:0). Reduced intensity: Fludarabine + busulfan + ATG: 5.0 (4-5, 6-0); Fludarabine + melphalan + ATG: 4.5 (3:5, 5-5);
Total body irradiation + fludarabine + ATG: 4-5 (3.5, 4.5).

Abbreviation:

HCT = hematopoietic cell transplant

G-CSF = granulocyte colony stimulating factor

ATG = rabbit derived anti-thymocyte globulin
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Table 2.

Effect of G-CSF on GVHD, relapse, non-relapse mortality, disease-free and overall survival

Outcome Number Hazard Ratio p-value
Events/Evaluable | (95% confidence interval)

Grade 2-4 acute GVHD ™

HCT without G-CSF 166/403 1.00

HCT with G-CSF 185/449 1.03 (0-83-1:27) 0-80

Grade 3-4 acute GVHD ™™

HCT without G-CSF 56/406 1.00

HCT with G-CSF 67/440 1.14(0-80 - 1.62) 0-48

Chronic GVHD

HCT without G-CSF 153/409 1.00

HCT with G-CSF 142/445 0-99 (0-79 — 1-25) 0-97
Relapse"’

HCT without G-CSF 123/409 1.00

HCT with G-CSF 139/448 1.19 (0:93 -1.52) 0-17

Non-relapse mortality%

HCT without G-CSF 471409 1.00

HCT with G-CSF 96/448 2:03 (1-43-2:88) <0-0001

Disease-free survival

HCT without G-CSF 170/409 1.00

HCT with G-CSF 235/448 1.42(1:16 - 1.73) 0-0006

Overall survival®

HCT without G-CSF 111/409 1.00

HCT with G-CSF 173/448 1.52(1:20 - 1.94) 0-0005

Abbreviation:
HCT = hematopoietic cell transplant
G-CSF = granulocyte colony stimulating factor

GVHD = graft-versus-host disease

*
Model adjusted for disease: grade 2-4 acute GVHD was higher with myelodysplastic syndrome (HR 144, 95% CI 1.16 — 1.78, p=0-0009)

*:

ok

Model adjusted for disease and KPS: grade 3-4 acute GVHD was higher with myelodysplastic syndrome (HR 1-56, 95% CI 1.09 — 2.26,
p=0:0157) and poor performance status (HR 1:65, 95% CI 1.16 — 2:33, p=0-0049)

Ak

*
Model adjusted for disease: chronic GVHD was higher with myelodysplastic syndrome (HR 1.31, 95% CI 1-03 — 1.65, p=0.0252)

#

Model adjusted for disease risk index, KPS and condition regimen intensity: relapse was higher with intermediate (HR 3:11, 95% CI 0-99 — 9-80,
p=0:0528) and high (HR 6-02, 95% CI 1.92 — 18-89, p=0-0021) DRI, poor performance status (HR 1-31, 95% CI 1.02 - 1.67, p=0-0335) and
reduced intensity conditioning regimen (HR 1-51, 95% CI 1-16 — 1.96, p=0-0023)

#Model adjusted for disease and hematopoietic comorbidity score: non-relapse mortality was higher with myelodysplastic syndrome (HR 1-61,
95% CI 1-15 - 2-26, p=0:0051) and high comorbidity score (HR 1:55, 95% CI 1.11 — 2.16, p=0-0108)

Transplant Cell Ther. Author manuscript; available in PMC 2022 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Orfali et al. Page 19

//Model adjusted for disease risk index, KPS and condition regimen intensity: disease-free survival was lower with intermediate (HR 1.09, 95% CI
0-63 — 1-88, p=0-76) and high (HR 1-93, 95% CI 1-12 — 3-32, p=0-076) DRI, poor performance status (HR 1-39, 95% CI 1.14 — 1.69, p=0-0011) and
reduced intensity conditioning regimen (HR 1:27, 95% CI 1.03 — 1.56, p=0-0233)

$Mode| adjusted for KPS and hematopoietic comorbidity score: survival was lower with poor performance status (HR 1-51, 95% CI 1-19 — 1.90,
p=0:0005) and high co-morbidity score (HR 1:30, 95% CI 1-03 — 1.65, p=0:0279).
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Incidence of viral infections

Table 3.

HCT with G-CSF

HCT without G-CSF

p-value

CMV

Within 3-months after HCT

32:1% (95% CI 28-37)

28:1% (95% ClI 24-33)

0-196

Within 6 months after HCT

33:9% (95% CI 30-38)

29:1% (95% CI 25-34)

0123

EBV

Within 3-months after HCT

17.7% (95% CI 14-21)

10-4% (95% Cl 8-14)

0-002

Within 6 months after HCT

19:1% (95% CI 16-23)

11-4% (95% Cl 9-15)

0-002

Other *

Within 3-months after HCT

22:5% (95% CI 19-27)

16:0% (95% CI 13-20)

0-013

Within 6 months after HCT

26:1% (95% CI 22-30)

19:2% (95% CI 16-23)

0-016

Abbreviation:

HCT = hematopoietic cell transplant

G-CSF = granulocyte colony stimulating factor

CMV = Cytomegalovirus

EBV = Epstein Barr virus

*
Other includes adenovirus, herpesviridae and respiratory viruses.
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Table 4.

Effect of G-CSF on GVHD, relapse, non-relapse mortality, disease-free and overall survival in patients aged

=50 years

Outcome Number Hazard Ratio p-value
Events/Evaluable | (95% confidence interval)

Grade 2-4 acute GVHD *

HCT without G-CSF 138/320 1.00

HCT with G-CSF 162/385 1.03 (0-82 - 1-29) 0-83

Grade 3-4 acute GVHD ™™

HCT without G-CSF 44/323 1.00

HCT with G-CSF 64/377 1.32 (0-90 - 1.95) 0-15

Chronic GVHD ™

HCT without G-CSF 120/325 100

HCT with G-CSF 122/380 1.07 (0-83 - 1-39) 0-59
Relapse®

HCT without G-CSF 109/325 100

HCT with G-CSF 124/383 1.16 (0-90 — 1.51) 025

Non-relapse mortality%

HCT without G-CSF 38/325 1.00

HCT with G-CSF 86/383 2:10 (143 -3:08) 0-0002

Disease-free survival’

HCT without G-CSF 147/325 1.00

HCT with G-CSF 210/383 140 (114 -1.74) 0-0017

Overall survival$

HCT without G-CSF 87/325 1.00

HCT with G-CSF 154/383 148 (1-.15-1.92) 0-0024

Abbreviation:
HCT = hematopoietic cell transplant
G-CSF = granulocyte colony stimulating factor

GVHD = graft-versus-host disease
*
Model adjusted for disease

*:

*

Model adjusted for disease and KPS
AAA

Model adjusted for disease

Model adjusted for disease risk index, KPS and condition regimen intensity
ﬁéModel adjusted for disease and hematopoietic comorbidity score

//Model adjusted for disease risk index, KPS and condition regimen intensity

$Mode| adjusted for KPS and hematopoietic comorbidity score
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