THERAPEUTIC ADVANCES in
Hematology

Original Research

The impact of granulocyte colony-
stimulating factor and decitabine-containing
conditioning in myelodysplastic syndrome
patients with iron overload undergoing
allogeneic hematopoietic stem cell
transplantation: a retrospective study

Wenshu Zhao*'=', Xiangzong Zeng*"*’, Dangi Pan*
Na Xu, Jing Sun, Qifa Liu(’») and Min Dai

, Li Xuan, Zhiping Fan, Fen Huang,

Abstract

Background: Iron overload is considered an unfavorable prognosis in myelodysplastic
syndrome (MDS]) even in those undergoing allogeneic hematopoietic stem cell transplantation
(allo-HSCT). Although iron chelation therapy has improved the prognosis of these patients to
some extent, the effect has not yet been satisfactory.

Objectives: This study aimed to investigate the impact of granulocyte colony-stimulating factor
and decitabine (G-DAC)-containing conditioning in iron-overloaded MDS patients undergoing
allo-HSCT.

Design: This was a retrospective study.

Methods: One hundred and ninety-seven patients were enrolled in this retrospective study.
Based on the level of serum ferritin (SF) and conditioning regimen, all patients enrolled were
divided into four groups: SF <1000 pg/L with G-DAC conditioning (cohort 1), SF <1000 pg/L
with non-G-DAC conditioning (cohort 2], SF = 1000 pg/L with G-DAC conditioning (cohort

3), and SF= 1000 pg/L with non-G-DAC conditioning (cohort 4). The clinical features and
prognosis of the four groups were analyzed.

Results: Significant differences in the 2-year overall survival (0S), disease-free survival (DFS),
and the cumulative incidence of non-relapse mortality (NRM) were observed between the
four groups. Multivariate analysis revealed that SF=1000pug/L was a risk factor for 0S, DFS,
and NRM while G-DAC-containing conditioning was a protective factor. Intriguingly, when
cohort 1 to cohort 4 were included in the multivariate analysis, only cohort 4 was a risk factor
for 0S, DFS, and NRM, cohort 3 had no difference in prognosis compared with patients with
SF <1000 pg/L.

Conclusion: The poor prognosis of patients with iron overload may be overcome by G-DAC-
containing conditioning partly.
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Introduction

Myelodysplastic syndrome (MDS) is character-
ized by clonal proliferation of hematopoietic stem
cells (HSCs), ineffective hematopoiesis, periph-
eral blood cytopenia, and a high risk of progres-
sion to acute myeloid leukemia (AML).! Elevated
serum ferritin (SF) is a common finding in MDS,
a consequence of frequently administered red
blood cell transfusions and/or ineffective erythro-
poiesis.?2 Generally, SF=1000pug/L is defined as
iron overload.?> Allo-hematopoietic stem cell
transplantation (allo-HSCT) remains the only
potentially curative option for high-risk MDS
patients. However, iron overload has proven to be
an independent, adverse prognostic factor for
MDS patients undergoing allo-HSCT.4*%
Decreased overall survival (OS) in patients with
high SF is attributable to increased post-trans-
plantation non-relapse mortality (NRM), which
may stem from post-transplant complications
caused by iron overload, such as fungal infec-
tions, hepatic dysfunction, and hepatic veno-
occlusive disease.®? In addition, iron overload is
reported to be associated with relapse after trans-
plantation in some studies.%10

Hypomethylating agents (HMA) such as decit-
abine (DAC) are widely used in the treatment of
MDS and AML. The combination of DAC, a
cyclin-dependent demethylation drug, and gran-
ulocyte colony-stimulating factor (G-CSF), an
agent that accelerates cell cycle entry, could syn-
ergistically promote the elimination of leukemic
cells.!! DAC combined with G-CSF-priming
chemotherapy was reported to improve the prog-
nosis of patients with MDS and AML.12-14
However, whether adding G-DAC to the condi-
tioning regimen could improve the prognosis of
MDS patients with iron overload undergoing
allo-HSCT has not been reported. So in this
study, we investigate whether a G-DAC-
containing conditioning could improve survival in
iron-overloaded patients.

Patients and methods

The retrospective study included patients diag-
nosed with MDS and sAML between April 2016
and June 2021 who underwent allo-HSCT at our
institution. Patients were enrolled in this study if
they met the following criteria: (1) older than
14 years old; (2) with available SF level at pre-
transplant; (3) at the time of measurement,

patients had to be in good clinical with normal
C-reactive protein; (3) Haematopoietic Cell
Transplantation-Comorbidity Index (HCT-CI)
< 2. Patients were excluded from the study if they
were: (1) diagnosed with therapy-related MDS or
overlap syndromes, such as MDS/myeloprolifera-
tive neoplasms; (2) afflicted with uncontrolled
infections.

Based on the level of SF and whether the condi-
tioning regimen included G-DAC or not,
the patients were divided into four groups:
SF <1000 pg/L with G-DAC conditioning (cohort
1), SF<1000pug/L. with non-G-DAC condition-
ing (cohort 2), SF=1000ug/L with G-DAC con-
ditioning (cohort 3), and SF=1000ug/L with
non-G-DAC conditioning (cohort 4).

Diagnoses were based on theWorld Health
Organization (WHO) 2016 criteria. Risk stratifi-
cation was categorized according to the Revised
International Prognostic Scoring System for
MDS.!’5 Follow-up data came from medical
records, telephone follow-ups, and Chinese
Public Security Bureau records.

Treatment algorithm

Based on the clinical practice guidelines for
MDS,16:17 patients with lower-risk MDS were
treated with either immunoregulatory therapy
or supportive care alone. If patients had trans-
fusion dependence, they would be given HMA
or allo-HSCT when appropriate donors existed.
The patients with higher-risk MDS were treated
with allo-HSCT if they were candidates for the
treatment and had the appropriate donors, with
or without pre-transplant cytoreductive treat-
ments (including HMA, chemotherapy com-
bined with HMA, and AML-like chemotherapy).
If they were not suitable for HSCT, they would
be given cytoreductive treatments or only
supportive care according to their physical
condition.

All transplant patients received busulfan-based
myeloablation conditioning regimens. G-DAC-
containing conditioning included G-DAC-BuCy
(G-CSF, 5 ug/kg/day subcutaneously, days —17 to
—10; DAC, 20 mg/m?/day intravenously, days —14
to —10; busulfan, 3.2mg/kg/day intravenously,
days =7 to —4; cyclophosphamide, 60 mg/kg/day
intravenously, days —3 to —2) and G-DAC-BF
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(G-CSF, 5ug/kg/day subcutaneously, days —17
to —10; DAC, 20 mg/m?/day intravenously, days
—14 to —10; busulfan, 3.2mg/kg/day intrave-
nously, days —6 to —3; fludarabine, 30 mg/m?2/day
intravenously, days =7 to —3). Non-G-DAC-
containing conditioning comprised the same
dose and duration of BuCy as G-DAC-containing
conditioning. The conditioning regimen was
selected according to the clinical trial protocol
for patients enrolled in the clinical trial, and
according to the age and status of patients who
didnot. A human leukocyte antigen (HLA)-
matched sibling donor (MSD) was the first
choice, followed by an HLLA-matched unrelated
donor (MUD). If both donor types were unavail-
able, patients would receive transplantation from
an HLLA-haploidentical donor (HID). Generally,
HID patients were transplanted with a combina-
tion of bone marrow (BM) and peripheral blood
stem cell (PBSC) grafts, whereas MSD or MUD
patients received PBSC grafts. For some older
people with HID, 30 mL of umbilical cord blood
stem cells were added to facilitate engraftment. A
combination of cyclosporin A, methotrexate, and
mycophenolate was administered to patients
receiving a transplant from an MSD. Cyclosporin
A, methotrexate, and antithymocyte immuno-
globulin were administered to patients receiving
a transplant from a MUD, and these in combina-
tion with mycophenolate were administered to
patients receiving a transplant from an HID for
graft-versus-host disease (GVHD) prophylaxis.
Infection prophylaxis was described in our previ-
ous reports. 1418

Definitions and statistical analysis

This study mainly focused on OS, disease-free
survival (DFS), NRM, and relapse. OS was cal-
culated from the date of transplantation to either
the date of death or, in surviving patients, the
date of last follow-up. DFS was evaluated from
the time of transplantation to thetime of relapse
or death or censored at the last follow-up. NRM
was defined as death due to any cause without
relapse. Relapse includes hematological relapse,
cytogenetic relapse, and molecular relapse.
Hematological relapse was defined as the pres-
ence of >5% marrow blasts and/or reappearance
of major myelodysplastic features associated
with cytopenia (or worsening of previous cytope-
nia).!® The relapse of molecular and/or cellular
genetics refers to the reappearance of cellular or

molecular genetic abnormalities in patients who
have previously achieved complete remission at
the level of cellular or molecular genetics.

The chi-square or Fisher’s exact test was used for
categorical variables and the Mann—Whitney U
test was used for numerical variables. OS and
DFS were estimated using the Kaplan—Meier
method and compared using the log-rank test.
Cumulative incidence of relapse (CIR), NRM,
and GVHD were calculated by accounting for
competing risks. Relapse and NRM were compet-
ing risks for each other. Competing risks for
GVHD included death without GVHD and
relapse. Multivariate analysis was performed
using the Cox proportional hazards model. Only
variables with p <0.10 were included in the mul-
tivariate model. All statistical tests were two-
sided, and p<<0.05 was considered statistically
significant. We used SPSS v23.0 (IBM, Armonk,
NY, USA) and R v4.0.3 (R Foundation, Vienna,
Austria) for data analysis.

Results

Patients’ baseline and treatment

characteristics

There were 197 patients enrolled in this study,
with 119 patients having SF<<1000ug/L. and 78
patients with SF=1000ug/L. Of these, 121
patients received G-DAC conditioning and 76
received non-G-DAC conditioning. The entire
cohort included 75 in cohort 1, 44 in cohort 2, 46
in cohort 3, and 32 in cohort 4. The study flow
diagram is shown in Figure 1. Patients and trans-
plant characteristics are detailed in Table 1,
which shows no differences between cohorts 1
and 2, cohorts 3 and 4, as well as among the four
groups (all p=0.05).

Engraftment and GVHD

All patients achieved hematopoietic reconstitu-
tion, except for 1 patient in cohort 4 who died of
intracranial hemorrhage. Of the 196 evaluable
patients, the 30-day incidence of neutrophil
engraftment was 98.3% (95% CI: 95.8-99.6)
and 98.7% (95% CI: 95.5-99.9) in patients with
SF<1000ug/L and SF= 1000 nug/L, respectively
(»p=0.338), and it was 98.3% (95% CI: 95.8—
99.6) and 98.7% (95% CI: 95.3-99.9) in the
G-DAC and non-G-DAC groups, respectively
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Figure 1. Flow diagram.

(p=0.410). The 30-day incidence of neutrophil
engraftment was 98.6% (95% CI: 95.3-99.9),
97.7% (95% CI: 95.2-99.9), 97.8% (95% CI:
92.4-99.9), and 90.1% (95% CI: 80.0-99.9) in
cohortsl, 2, 3, and 4, respectively (p=0.527).
The 30-day incidence of platelet engraftment
was 92.4% (95% CI. 87.5-97.3) and 88.3%
(95% CI: 80.9-95.7) in patients with
SF<1000ug/L and SF= 1000 nug/L, respectively
(»p=0.038), and it was 95.0% (95% CI: 91.0—
99.0) and 84.0% (95% CI: 75.5-92.5) in the
G-DAC and non-G-DAC groups, respectively
(p=0.042). The 30-day incidence of platelet
engraftment was 96.0% (95% CI: 91.2-99.9),
86.3% (95% CI: 76.3-96.8), 93.4% (95% CI:
91.7-99.9), and 78.1% (95% CI: 63.1-93.1) in
cohorts 1, 2, 3, and 4, respectively (p=0.035).
Cohort 4 had lower incidence of platelet engraft-
ment than those in cohort 1 to cohort 3
(p=0.008, »p=0.039, and p=0.018, respec-
tively), while it was no significantly different
between cohort 1 and cohort 2; cohort 1 and
cohort 3; cohort 2 and cohort 3 (p=0.407,
p=0.386, p=0.295, respectively).

The cumulative incidence of grade II-IV acute
GVHD (aGVHD) at day +100 was 38.2%
(95% CI: 29.3-47.1) in the SF<1000pug/L
group and 45.3% (95% CI: 35.0-55.6) in the
SF=1000pg/L group, respectively (p=0.034).
And it was 39.5% (95% CI: 35.0-44.0) and
46.2% (95% CI: 45.5-65.8) in the G-DAC and

non-G-DAC groups, respectively (p=0.046).
Additionally, it was 36.4% (95% CI: 21.9-
50.8), 40.6% (95% CI: 26.3-52.0), 41.5%
(95% CI: 26.2-56.8), and 52.4% (95% CI:
34.9-69.9) in cohorts 1, 2, 3, and 4, respec-
tively (p=0.041). The cohort 4 had higher inci-
dence of grade II-IV aGVHD at day +100 than
those in cohort 1 to cohort 3 (p=0.009,
p»=0.014, and p=0.040, respectively), while it
was no significantly different between cohort 1
and cohort 2; cohort 1 and cohort 3; cohort 2
and cohort 3 (p=0.317, p=0.521, p=0.128,
respectively). To investigate the impact of SF
and conditioning regimens on engraftment and
aGVHD, we conducted a Cox analysis. The
results indicate that SF=1000pug/LL was an
unfavorable risk factor for platelet engraftment
(hazard ratio (HR): 1.362, p=0.007) and
aGVHD (HR: 2.747, p=0.027), whereas
receipt of G-DAC conditioning served as a pro-
tective factor for platelet engraftment (HR:
0.529, p=0.032) and aGVHD (HR: 0.694,
p»=0.019; Supplemental Table 1). Eighty-
three of 166 patients surviving more than 100
days developed chronic GVHD (cGVHD).
The overall cumulative incidence of cGVHD
at 2 years did not differ significantly between
the four groups (cohort 1: 44.6%, 95% CI:
32.6-56.6; cohort 2: 42.9%, 95% CI: 26.2—
59.5; cohort 3: 43.6%, 95% CI: 27.8-59.4;
and cohort 4: 47.2%, 95% CI: 31.1-63.3;
p»=0.591)
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Table 1. Patients’ baseline and transplant characteristics (n=197).

Variable SF <1000 pug/L SF=1000pug/L p
G-DAC Non-G-DAC p1 G-DAC Non-G-DAC p2
Cohort 1 Cohort 2 Cohort 3 Cohort 4
(n=75) (n=44) (n=46) (n=32)
Agelyears), median, 48 (16-67) 43.5 0.354 42.5 48.5 0.670 0.421
range (14-63) (23-66) (17-66)
Gender, n (%) 0.851 0.058 0.050
Male 41 (54.7) 25 (56.8) 24 (52.2) 24 (75.0)
Female 34 (45.3) 19 (43.2) 22 (47.8) 8(25.0)
Diagnosis according to 0.755 0.117 0.214
WHO (2016), n (%)
MDS-EB-1 42 (56.0) 27 (61.4) 23 (50.0) 22 (68.8)
MDS-EB-2 18 (24.0) 8(18.2) 6(13.0) 5(15.6)
Secondary acute myeloid 15 (20.0) 9 (20.5) 17 (37.0) 5(15.6)
leukemia evolving from
MDS
HCT-CI 0.447 0.506 0.872
0 45 (60.0) 23 (52.3) 27 (58.7) 18 (56.3)
1-2 30 (40.0) 21 (47.7) 19 (41.3) 14 (43.7)
Performance score, n (%) 0.451 0.495 0.533
0 40 (53.3) 20 (45.5) 25 (54.3) 20 (62.5)
1-2 35 (46.7) 24 (54.5) 21(45.7) 12 (37.5)
Cytogenetic subgroups 0.109 0.391 0.220
Good 45 (60.0) 29 (65.9) 30 (65.2) 18 (56.3)
Intermediate 17 (22.7) 3(6.8) 12 (26.1) 8 (25.0)
Poor 6 (8.0 4(9.1) 2 (4.3) 1(3.1)
Very poor 7(9.3) 8(18.2) 2 (4.3) 5(15.6)
IPSS-R risk group, n (%) 0.764 0.488 0.498
Low/intermediate 21(28.0) 10 (22.7) 9 (19.6) 8 (25.0)
High 26 (34.7) 15 (34.1) 19 (41.3) 9 (28.1)
Very high 28 (37.3) 19 (43.2) 18 (39.1) 15 (46.9)
Pre-transplant treatment 0.451 0.243 0.110
No cytoreductive 40 (53.3) 26 (59.1) 16 (34.8) 16 (50.0)
treatments
(Continued]
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Table 1. (Continued)

Variable SF <1000 ug/L SF=1000pug/L p
G-DAC Non-G-DAC p1 G-DAC Non-G-DAC p2
Cohort 1 Cohort 2 Cohort 3 Cohort 4
(n=175) (n=44) (n=46) (n=32)
Cytoreductive 35 (46.7) 18 (40.9) 30 (65.2) 16 (50.0)
treatments
HMA 15 (42.9) 8 (44.4) 11 (36.7) 10 (62.5)
Chemotherapy 19 (54.3) 9 (50.0) 15 (50.0) 6 (37.5)
combined with HMA
AML-like 1(2.9) 1(5.6) 4(13.3) 0(0.0)
chemotherapy
Time between diagnosis 0.902 0.155 0.181
and HSCT
<émonths 57 (76.0) 33 (75.0) 27 (58.7) 24 (75.0)
>b6months 18 [24.0] 11 [25.0] 19 [41.3] 8 [25.0]
BM blast at 7 (0-41.5) 6 (0-27.0) 0.978 6 (0-37.5) 6.5(0-38.0) 0.200 0.353

transplantation (%),
median, range

Remission status at 0.562 0.812 0.896
transplant, n (%)
CR 30 (40.0) 15 (34.1) 18 (39.1) 11 (34.3)
No CR 45 (60.0) 29 (65.9) 28(60.9) 21 (65.6)
Transplant modality 0.226 0.056 0.101
MSD 32 (42.7) 21 (47.7) 28 (60.9) 11 (34.4)
HID 41 (54.7) 19 (43.2) 16 (34.8) 17 (53.1)
MUD 2(2.7) 4(9.1) 2 (4.3) 4(12.5)
Stem cell source 0.573 0.214 0.513
PB +BM 30 (40.0) 20 (45.5) 16 (34.8) 13 (40.6)
PB 27 (36.0) 17 (38.6) 20 (43.5) 8(25.0)
PB + UCB 18 (24.0) 7 (15.9) 10 (21.7) 11 (34.4)

p, p value between cohorts 1, 2, 3, and 4; p1, p value between cohort 1 and cohort 2; p2, p value between cohort 3 and cohort 4.

AML, acute myeloid leukemia; BM, bone marrow; UCB, Umbilical Cord Blood; CR, complete remission; MDS, myelodysplastic syndrome; MDS-EB,
MDS with excess of blasts; HMA, hypomethylating agents; HID, haploidentical donor; HLA-MSD, human leukocyte antigen-matched sibling donor;
IPSS-R, Revised International Prognostic Scoring System; MUD, matched unrelated donor; PB, peripheral blood.
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Figure 2. 0S between the four cohorts. Two-year OS post-transplantation in cohort 1, cohort 2, cohort 3,
cohort 4 were 77.0% (95% Cl: 66.4-85.6), 72.1% (95% Cl: 57.0-84.0%), 73.8% (95% Cl: 61.1-86.5), and 38.7%
(95% Cl: 20.6-54.4), respectively (p=0.001). The 2-year OS in cohort 4 was significantly shorter than those in
cohort 1, cohort 2, and cohort 3 (p<0.001, p=0.018, p=0.006, respectively), while it was similar between cohort
1 and cohort 2; cohort 1 and cohort 3; cohort 2 and cohort 3 (p=0.334, p=0.487, p=0.963, respectively.

0S, overall survival.

Infections

The overall incidence of bacterial infections after
allo-HSCT was similar between the four groups
(74.7% vs 63.6% vs 80.4% vs 78.1%, p=0.296).
Moreover, there was also no increased incidence
of post-transplant fungal infections between the
four groups (10.7% vs 22.7% vs 13.0% vs 18.8%,
»=0.304).

0S and DFS

In the entire cohort, the 2-year OS for patients
with SF<1000pg/LL and SF=1000ug/L. were
73.9% (95% CI: 66.1-81.7) and 58.9% (95% CI:
47.9-69.9), respectively (p=0.022). The 2-year
OS for patients receiving G-DAC and non-G-
DAC conditioning was 75.2% (95% CI: 67.6—
82.8) and 56.6% (95% CI: 45.4-67.8),
respectively (p=0.006). In all patients, 66 patients
died during follow-up, including 18, 14, 14, and
20 patients in cohort 1, cohort 2, cohort 3, and
cohort 4 respectively. Two-year OS post-trans-
plantation in cohort 1, cohort 2, cohort 3, cohort
4 were 77.0% (95% CI: 66.4-85.6), 72.1% (95%
CI: 57.0-84.0), 73.8% (95% CI: 61.1-86.5), and
38.7% (95% CI: 20.6-54.4), respectively
(»=0.001). The 2-year OS in cohort 4 was sig-
nificantly shorter than those in cohort 1, cohort 2,
and cohort 3 (p<<0.001, p=0.018, and »p=0.006,

respectively), while it was similar between cohort
1 and cohort 2; cohort 1 and cohort 3; cohort 2
and cohort 3 (p=0.334, p=0.487, p=0.963,
respectively; Figure 2).

Similarly, the 2-year DFS for patients with
SF<1000ug/LL and SF=1000pug/L. were 69.7%
(95% CI: 61.4-77.9) and 56.4% (95% CI: 45.4—
63.4), respectively (p=0.039). The 2-year DFS
for patients receiving G-DAC and non-G-DAC
conditioning were 73.5% (95% CI: 65.7-81.3)
and 50.0% (95% CI: 38.3-61.2), respectively
(p=0.001). Two-year DFS post-transplantation
in cohortsl, 2, 3, and 4 were 75.7% (95% CI:
64.9-84.5), 62.8% (95% CI: 46.7-75.7), 71.7%
(95% CI: 58.6-84.8), and 35.5% (95% CI: 17.9—
50.9), respectively (p=0.001). The 2-year DFS
in cohort 4 was shorter than those in cohort 1,
cohort 2, and cohort 3 (p<<0.001, p=0.046,
p=0.006, respectively), while it was similar
between cohort 1 and cohort 2; cohort 1 and
cohort 3; cohort 2 and cohort 3 (p=0.094,
p»=0.289, p=0.553, respectively; Figure 3).

In multivariate analysis, SF= 1000 ug/L. and com-
plex karyotype were unfavorable risk factors for
OS (HR: 1.777, p=0.022 and HR: 2.316;
p=0.005, respectively) and DFS (HR: 1.687,
p»=0.025 and HR: 2.381, p=0.002, respectively),
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Figure 3. DFS between the four cohorts. Two-year DFS post-transplantation in cohort 1, cohort 2, cohort 3,
cohort 4 were 75.7% (95% Cl: 64.9-84.5), 62.8% (95% ClI: 46.7-75.7), 71.7% (95% CI: 58.6-84.8), and 35.5% (95%
Cl: 17.9-50.9), respectively (p=0.001). The 2-year DFS in cohort 4 was shorter than those in cohort 1, cohort 2,
and cohort 3 (p<0.001, p=0.046, p=0.006, respectively], while it was similar between cohort 1 and cohort 2;
cohort 1 and cohort 3; cohort 2 and cohort 3 (p=0.094, p=0.289, p=0.553, respectively).

DFS, disease-free survival.

while receiving G-DAC conditioning was a pro-
tective factor for OS (HR: 0.522, p=0.009) and
DFS (HR: 0.500, p=0.003; Table 2). To further
understand the combined effect in these patients,
we included groups in the multivariate analysis
but did not include SF and conditioning.
Multivariate analysis revealed that complex karyo-
type (OS—HR: 2.206, p=0.010; DFS—HR:
2.381, p=0.002) and cohort 4 (OS—HR: 3.806,
p»=0.000; HR: 2.539, p=0.012; HR: 2.542,
p»=0.012; DFS—HR: 3.673, p=0.000; HR:
1.753, p=0.049; HR: 2.466, p=0.011) were unfa-
vorable risk factors for OS and DFS (Table 3).

Non-relapse mortality

In the entire cohort, the 2-year NRM for patients
with SF<1000pug/LL. and SF=1000pug/L. were
20.2% (95% CI: 13.0-27.4) and 30.8% (95% CI:
20.5-41.1), respectively (p=0.046). The 2-year
NRM for patients receiving G-DAC and non-
G-DAC conditioning was 16.5% (95% CI: 9.8—
23.2) and 36.8% (95% CI: 25.9-47.7), respec-
tively (p=0.002). Of the 197 patients, 66 patients
died including 17 patients who died of relapse
and 49 patients who died without relapse, and
patients had a cumulative incidence of 2-year

NRM of 17.3% (95% CI: 8.7-26.0), 25.0% (95%
CI: 12.1-37.9), 15.2% (95% CI: 4.7-25.7), and
53.1% (95% CI: 35.5-70.7) in cohort 1, cohort
2, cohort 3, and cohort 4, respectively (p =0.001).
Cohort 4 had a higher NRM than cohort 1, cohort
2, and cohort 3 (p<0.001, »=0.028, and
p»=0.002, respectively), while it was similar
between cohort 1 and cohort 2; cohort 1 and
cohort 3; cohort 2 and cohort 3 (p=0.283,
p»=0.963, p=0.398, respectively; Figure 4).

In multivariate analysis by SF and conditioning,
SF=1000ug/L was an unfavorable risk factor for
NRM (HR: 1.972, p=0.036), and receiving
G-DAC conditioning was a protective factor for
NRM (HR: 0.436, p=0.004; Table 2). In multi-
variate analysis by groups, cohort 4 was an unfa-
vorable risk factor for NRM (HR: 3.910,
p»=0.000; HR: 2.495, p=0.026; HR: 3.260,
p»=0.009; Table 3). In addition, to understand
the potential factors of higher NRM in cohort 4,
the causes of NRM were analyzed. For all the
patients, a descriptive analysis of the cause of
death was given in Table 4. Most patients suc-
cumbed to infections and patients in cohort 4 had
a higher mortality of GVHD-related than other
cohorts.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

W Zhao, X Zeng et al.

‘poo)q 1edaydiuad ‘gd ‘1eainans
N1eJ8n0 ‘SO tAyerow asdejad-uou ‘NYN J0UOp pajejalun paydlew ‘gqnin ‘ewolpuhs onsejdsApojadw ‘sqy fuoneiueldsued) 1192 wiels dnalodojeway ‘] JSH f0l1ed piezey ‘YH ‘douop
Bungis payojew-uabiyue 834003 na) uewny ‘qSN-Y1H ‘Jouop jeanijuapioydey ‘giH ‘1BAIAINS 9844-9SE3SIP ‘'S4 ‘aulgeydap ‘Qya ‘poolg pJoQ 1eaniquin ‘gon ‘gon ‘moliew auoq ‘g

(L08°G-080°1) S06°C
¢e00

(LEY"1-00€°0) LG9°0
€62°0

(G50°Z-29€°0) €98°0
6€EL0

(L907-045°0) ¢Z5'L
<070

(085°Z-12%°0) 9€0°L
6€6°0

Jod

(8L8°LL
-161°0) GZG'L
989°0

(eveyL
—9v2°0) 2L8’L
G760

Jod

(680°G-096°0) 0LZ°C
¢90°0

(ELL°€-LL9°0) G97°L

(0LL70-LY2°0) 9€7°0
%00°0

(LEZ€-Y00°L) 2L6'L

(Ly4°0-8€2°0) 0270
€000

(16E71-€9€°0) LLLO
61€°0

(8L7°1-982°0) LE9'O
692°0

(€67°L-1€7°0) 208°0
98%°0

JE]
(L09°€-L2€°0) 980°L

€680
(01€°€-962°0) L66°0

8860

o4

(067°L-0L%°0) 928°0
9050

(€06°2-976°0) 8G9°L

(684°0-L1€°0) 00G°0
€000

(£99°2-L90°L) £89'L

(ELL0-1LE0) 0670
2000

(962°L-6%7°0) €9L°0
L1E0

(EL9"L-9L7°0) LL8'O
¢L90

(LG¥°1-225°0) LL8'O
G6G°0

o4
(L9€°€-G27°0) L6L'L

YEL'0
(eoy'e-LEy0) LLT'L

9LL0

o4

(€08°L-LZL°0) SYL°L
65650

(667°2-010°L) 68G°L

(168°0-02€°0) ¢25°0
6000

(G06°2-L80°L) LLL'L

(628°0-€1€°0) 605°0
L00°0

(§92°1-00%°0) LLLO
97¢°0

(07471-G9%°0) 0060
%SL°0

(LELL-16570) €LO°L
2960

o4
(LL8'T-LGE0) €LO°L

086°0
(L86'C-€LE0) 950°L

8l6°0

o4

(669°1-LY9°0) 6%0°L
L780

(L18°Z-690°L) vEL'L

dnodb 9yQ-9
sAn dnoab

JvQ@-9-uou
‘Buluonipuo)

syjuow 9=

SA 9> ‘1JSH
pue sisoubeip
usaM}aq awi|

g0N+Ng+8ad

ad
Ng + ad

924N0S 1192 WLlS

amH

asn
anmw
2dfy vH

Sjuswiealy
9A1}ONPaJ03AD

SA SjusW}eal}
9A1}ONPaJ03Ad

ou ‘'San 40}
Adeuayy snoinaud

(1/61)
000L= SA Q001>

- €EE0 9€0°0 LL00 G200 G700 2200 8¢€0°0 ‘UljlIB) WNJsS
sadAjohiey
x31dwod sA

(69L°6-608"L)70C'7 (995'8-0L9°L) 7LLE (8LE'E-E6L70) LEY'L (1ZL7-SLE"L) 18ET (Z78°€-66T°L) ¥€T'T (9GL7-162°L) 91€T  (Y08°€-10T°L) LEL'T xa1dwoouou
1000 2000 - €810 ¢00°0 %000 G000 8000 "21uaboihg
(EY0°L-LL6°0) 0LO"L (¢20°1-9L6°0) 666°0 (120°L-¥86°0) ¢00°L (920°1-986°0) 900°L
- 0450 - cl6’o - 6080 - 7850 aby
(€07°€-81L°0) €9G°L (8€6'C-G98°0)765°L (670°L-8LE°0) LLG'O (LLE1-€25°0) 828°0 (€Y L-€97°0) 8GL'0 dlewsy
- 1920 GEL0 1400 - 0¢Y70 - €L20 SA 818W "J8pusg
(19 %S6) YH (19 %S6) YH (19 %S6) ¥H (19 %S6) YH
d d d d
sjerieAnInpy sjelieAlun sjeliednpy ajeLieAlun sjelieAlNy sjelieAlun sjeliednp sjelieAlun
asdejay WYN s4a SO dlqeliep

"Buruo}ipuod pue ulIe) WnJas Aq SaW023N0 Jo SISA|eUR S}BLIBAINW/A)BIIBAIUN “Z 31qBL

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

THERAPEUTIC ADVANCES in

Hematology

Volume 15

'pooyq Jedaydiiad ‘gd ‘1BAIAINS 1BIBA0 ‘SO ‘AIE1IoW asde)al-uou ‘YN ‘J0UOp pajejaiun paydlew ‘A ‘dwolpuhs onsejdsApojahw ‘s fuonejueidsuedy 1190 wajs dl3alodojeway
‘|JSH ‘oled piezey ‘YH ‘Jouop Buigis paydjew-uabijue 83430%na) uewny ‘qS-VH ‘Jouop jeaijuspioldey ‘giH 1BAIAINS 8845-9SBaSIP ‘G4 ‘PO0]g p40d ‘g) ‘MoJJew auoq ‘Ng

(650'8-62C°L) LYL'E

(L81'7-GGE°0) 0CT'L
¢SL0

(0LL'€-€92°0) 7060
€480

(L¥SZ-1E€E°0) L1670
L98°0

(922°9-G25°0) 608°L
L7€0

(877°G-91L°0) GL6'L
68L°0

(089°G-869°0) L66°L
8610

(G50'C-29€°0) €98°0
6EL°0

(L90%-045°0) ¢ZS°L
207°0

(0657C-1Z7°0) 9€0°L
6€6°0

jod

(8187L1-L6170)G2G'L
989°0

(EYTY1-9Y2°0) 2L8'L
G¥G0

jJod

(680°5-096°0) 012'C

(0L6°L-79€E°L) 092°€
6000

(96G°G-€L1"1) G6%'C
9200

(66£78-028°1) 016°€
0000

(¢77'8-985°L) G29°€
¢000

(¢08%-0G0°L) §¥Z°C
8200

(¢89°1-2LT°0) 9L9°0
00%°0

(600°8-048°1) 048°E
0000

(89%7°2-y2v'0) €20°L
096°0

(81Z°1-L0L'0) 08S'L
G920

(L6€71-€9€°0) LLLO
61E°0

(8LY°1-982°0) LEG'O
692°0

(€67°L-1€%°0) 2080
98%7°0

Jod

(£09°€-L2€°0) 980°L
€680

(0L€°€-962°0) L66°0
8860

JEY]

(067°L-0L%°0) 9280

(S76'7-0€C°L) 997°C
1100

(L68°€-700°L) €GL"L
6700

(790°L-016°L) €L9°€
0000

(96'7-CLE'L) 28G°C
9000

(LLZ°€-Y26°0) 62L°L
9700

(LZS'L-76€°0) 7LLO
LSY7°0

(€98°G-L0L°L) ¥9L°E
0000

(809°2-00L°0) LGE'L
0LE'D

(§62°€-0L6°0) L2L'L
L0L'0

(962°L-6Y77°0) €9L°0
L1E0

(EL9'L-9LY°0) LL8'O
¢L90

(LG7°1-225°0) 180
G6G'0

JEY]

(£9€°€-G27°0) L6L'L
YEL'0

(€07 e-LEy0) LLT L
9LL0

Jod

(€08°L-42L70) G7L°L

(€L2°G-S2C°L) 2v48'C
¢lo0

(CLT'G-€TT'1) 6€EG°C
¢loo

(867°L-TE671) 908°€
0000

(61€°6-82€L) L§9'C
9000

(LYEY-10L°L) L18C
8100

(6167L-GE7°0) 716°0
1180

(281°9-8LL°L) 65Z°€
0000

(L192-979°0) 66Z°L
€97°0

(S88°C-€LL0) YEY'L
¢leo

(§92°L-007°0) LLLO
9720

(074°L-59%°0) 006°0
%SL°0

(LELL-16570) €LO°L
2960

Jod

(£L8°2-LGE0) €LO°L
086°0

(L86C-€LE'0) 9G0°L
8L6°0

JEY]

(669°L-LY79°0) 670°L

€ 140Y0D SA ¥ 140Y0)

Z 11040 SA ¥ 140y0)

Z 10409 SA € 140Yy0)

| 140402 SA % }40y0)

| 10Y0d SA € 110Y0)

| 140402 SA Z 1JoyoQ
dnoug
SYIUOW 9= SA 9>

‘LOSH pue sisoubelp
u2amiaq awli|

80N+ W8 +4dd

ad
Ng + 8d

924N0S 1190 Walg

aiH

asw
anw
adAy vH

[SUEGIEEN
9A1}ONPaJ03Ad
SA S)UBWIea)
9A1}ONPaI0YAd ou ‘SaW

L10°0 2900 — 90G°0 — 65G°0 - LYy8°0 Jo} Adesayy snoinaid
(L19°6-LGZC) 9€6'G (996°8-0L9°L) ¥LL'E (8LEE-E6L70) LEI'L (60€%7-G8E°L) LBET (278°€-662°L) ¥€T'T (¢cov-012°1) 902 (708°€-10Z°L) LEL'Z sadAjohiey xaydwod sa
0000 ¢00°0 - €810 2000 7000 0L00 8000 xa1dwoduou ‘21usboih)
(EY0°L-LL670) 0LO°L (2Z0°1-9L6°0) 6660 (1Z0°L-¥86°0) Z00°'L (920°1-986°0) 900°L
— 0480 — ZL6’0 — 6080 — %86°0 aby
(€07°€-8140) €9G°L (G€6°C-174°0) G9€°L (670°L-81E0) LLG O (LLEL-€25°0) 8280 (E72°L-€97°0) 8640
— 1920 2910 1200 — 0¢y'0 — €L2°0  9]eW?j SA W "Japusg
(19 %S6) ¥H (19 %S6) ¥H (19 %S6) ¥H (19 %S6) ¥H
d d d d
ajeriednpy ajerieAlun ajeriednp ajerieAlun ajeriednpy ajelieAlun ajeriednnpy ajerieAlun
asdejay WYN s4a SO alqeliep

‘sdnoub Aq sawo23no o Siskjeue ajelleAlNW/B)elIBAIUN “E 31qB]

journals.sagepub.com/home/tah

10


https://journals.sagepub.com/home/tah

W Zhao, X Zeng et al.

P=0.001

cohort1 vs cohort2 P=0.283
cohort1 vs cohort3 £=0.963
cohort1 vs cohort4 £<0.001
cohort2 vs cohort3 £=0.398
cohort2 vs cohort4 £=0.028
cohort3 vs cohort4 A=0.002

-
=
cohort1
e cohort2
- cohort3
- -
o e cohort4
2
=
] 2 1
£
5 B e R R
17
Qo
LR (i
2' o .
c .
o g
4 I
1 PSS e e e RS s
N =T
o i — gz
| o v e
e
f
)
o _Ei
= T T

Months after allo-HSCT

Figure 4. Cumulative incidence of non-relapse mortality. Patients had a cumulative incidence of 2-year NRM
of 17.3% (95% Cl: 8.7-26.0), 25.0% (95% CI: 12.1-37.9]), 15.2% (95% Cl: 4.7-25.7), and 53.1% (95% Cl: 35.5-70.7)
in cohort 1, cohort 2, cohort 3, and cohort 4, respectively (p=0.001). Cohort 4 had a higher NRM than cohort 1,
cohort 2, and cohort 3 (p<0.001, p=0.028, p=0.002, respectively), while it was similar between the cohort 1
and cohort 2; cohort 1 and cohort 3; cohort 2 and cohort 3 (p=0.283, p=0.963, p=0.398, respectively].

NRM, non-relapse mortality.

Table 4. Causes of non-relapse mortality in different groups.

Variable Cohort 1 Cohort 2 Cohort 3 Cohort 4 p
(n=75) (n=44) (n=46) (n=32)

GVHD-related, N (%) 2(2.7) 2 (4.5) 3(6.5) 7(21.9) 0.008

Infections, N (%) 8(10.7) 7 (15.9) 4 (8.7) 9(28.1) 0.089

Hemorrhage, N (%) 0(0.0) 1(2.3) 0(0.0) 1(3.1) 0.201

TMA, N (%) 1(1.3) 0(0.0) 1(2.2) 0(0.0) 0.689

Unknown, N (%) 2(2.7) 1(2.3) 0(0.0) 0(0.0) 0.777

GVHD, graft-versus-host disease; TMA, thrombotic microangiopathy.

Relapse

In the entire cohort, the 2-year relapse rate for
patients with SF <1000 ug/L and SF=1000ug/L
were 10.1% (95% CI: 4.6-15.5) and 12.9% (95%
CIL: 5.4-20.3%), respectively (p=0.466). The
2-year relapse rate for patients receiving G-DAC
and non-G-DAC conditioning was 9.9% (95%
CIL: 4.6-15.3) and 13.2% (95% CI: 5.5-20.8),
respectively (p=0.585). By the time of follow-up,
26 patients experienced relapse at a median time
of 5.5 (range: 2.0-65.0) months post-transplanta-
tion, including 7 (9.3%), 7 (15.9%), 8 (17.4%), 4

(12.5%) patients in cohort 1, cohort 2, cohort 3,
and cohort 4 groups, respectively. There was no
difference in 2-year CIR post-transplantation in
the four groups (cohort 1: 8%, 95% CI: 1.8-14.2;
cohort 2: 13.6%, 95% CI: 3.4-23.9; cohort
3:13.1%, 95% CI: 3.2-23.0; cohort 4: 12.5%,
95% CI: 8.1-24.2, p=0.592; Figure 5).

In multivariate analysis, complex karyotype and
receiving cytoreductive treatments before allo-
HSCT were risk factors for relapse whether
enrolled in SF and conditioning (HR: 4.204,
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Figure 5. Cumulative incidence of relapse. There was no difference in 2-year CIR post-transplantation in
the four groups (cohort 1: 8%, 95% Cl: 1.8-14.2; cohort 2: 13.6%, 95% Cl: 3.4-23.9; cohort 3:13.1%, 95% Cl:

3.2-23.0; cohort 4: 12.5%, 95% ClI: 8.1-24.2, p=0.592).

p»=0.001 and HR: 2.505, p=0.032, respectively;
Table 2) or groups (HR: 5.936, p=0.000 and
HR: 3.147, p=0.017, respectively; Table 3).

Discussion

In this retrospective study of 197 patients
enrolled, 119 patients had SF <1000 ug/L and 78
patients with SF=1000ug/L. Of these, 121
patients received G-DAC conditioning and 76
received non-G-DAC conditioning. We found
that iron overload was a significant contributor to
NRM for MDS patients undergoing allo-HSCT.
SF=1000ug/LL may be associated with inferior
OS and DFS, which were consistent with previ-
ous studies.®%920,21 In addition, we found that
G-DAC-containing conditioning could reduce
NRM of MDS patients with iron overload. The
improvement in NRM translated into a survival
advantage. To the best of our knowledge, this is
the first study reported to date that has analyzed
the impact of G-DAC-containing conditioning
on MDS patients with iron overload undergoing
allo-HSCT.

Decreased OS in MDS patients with iron over-
load was attributable to increased NRM. How
can iron overload potentially mediate NRM in
the post-transplant period? In fact, increased oxi-
dative stress caused by reactive iron species as

well as consecutive and permanent tissue damage
has been proposed as a possible reason for the
association between iron overload and aGVHD
by some researchers.5:22:23 Qur data showed that
patients with SF= 1000 ug/L had a higher cumu-
lative incidence of aGVHD, as well as being an
unfavorable risk factor for aGVHD, in agreement
with previous research,>2¢ which may play an
important role in increased oxidative stress and
higher NRM. Besides, oxidative stress plays an
important role in the mechanism of iron overload,
affecting not only HSCs but also the stromal
component of the hematopoietic niche.?5-28
According to our data, patients with
SF=1000ug/L had a lower incidence of platelet
engraftment, and iron overload was an unfavora-
ble risk factor for platelet engraftment, which was
also observed in basic research. 2%3° Abnormal
BM microenvironment and altered function of
BM mesenchymal stromal cells might be impli-
cated in delayed platelet engraftment. Apart from
causing oxidative stress, iron is also an essential
cofactor for the growth of a number of opportun-
istic bacteria and fungi, and free iron could
increase the susceptibility to infections by impair-
ing cellular immunity and inhibiting chemotaxis
and phagocytosis,3!34 and therefore it is intrigu-
ing to speculate that infections may be more com-
mon in patients with iron overload. However, in
contrast to previously published studies,>%° no
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increased incidence of post-transplant infections
was observed in our results. We think one possi-
ble reason for these conflicting results is the dif-
ference in sample size and patients’ characteristics
between these earlier studies and the current
study. Another possible reason is that with wide
applications of antibacterial and antifungal drugs
in the prophylaxis and therapy of infections, the
incidence and mortality of bacterial and fungal
infections post-transplantation decrease mark-
edly. Based on these considerations, it is under-
standable that MDS patients with iron overload
had a higher NRM.

Second, and most importantly we could show
that G-DAC-containing conditioning may have a
significant impact on post-transplant outcome of
MDS patients with iron overload. Our data shows
that G-DAC-containing conditioning was associ-
ated with superior OS, DFS, and lower NRM
compared to those with non-G-DAC condition-
ing. In the subgroup analysis of patients with
SF=1000ug/L, specifically cohorts 3 and 4, the
addition of G-DAC conditioning in cohort 3
improved the prognosis of the patients in this
group, eliminating statistical differences in OS,
DFS, and NRM between them and those with
SF<1000ug/L.. In contrast, iron-overloaded
MDS patients with non-G-DAC conditioning
(cohort 4) had worse OS, DFS, and NRM than
the other three groups, which may imply that the
prognosis of patients with iron overload could be
improved with the use of G-DAC-containing
conditioning. To our knowledge, this is the first
retrospective report that demonstrates the impact
of G-DAC-containing conditioning on MDS
patients with iron overload.

Why G-DAC-containing conditioning affected
the survival of these patients remains unclear.
The Nrf2/ARE signaling pathway is a cell survival
response pathway in response to environmental
stresses. The study by Chen et al.3> showed that
hydrogen peroxide (H,O,) could activate the
Nrf2/ARE signaling pathway in zebrafish and it
could inhibit the expression of methyltransferase.
Besides, it showed that there was a synergistic
effect between H,0, and methyltransferase inhib-
itors. As we all know, H,O, is one of the vital
components in oxidative stress, so the iron-over-
loaded patients undergoing G-DAC-containing
conditioning may benefit from the synergistic
effect of H,0, produced by oxidative stress in

patients with iron overload and DAC. Similarly,
Mpakou et al.?¢ reported that DAC acted syner-
gistically with bortezomib, an oxidative stress-
inducing agent in Kasumi-1 AML cells in vitro.
These results provide an explanation that the
improvement in survival in patients with iron
overload undergoing G-DAC-containing condi-
tioning may result from a synergistic effect of
DAC with certain substances in a pathway or cer-
tain drug. Our study found that G-DAC-
containing conditioning could reduce the
incidence of grades II-IV aGVHD. Previous
studies have shown that G-CSF can reduce the
incidence of aGVHD, which may be related to
the immunoregulatory effects of G-CSF on
T-cells.37-3° Additionally, DAC was also found to
decrease the incidence of GVHD#0:4! that is likely
due to increased numbers of regulatory T-cells.
In patients with SF=1000ug/L, cohort 4 had a
higher mortality rate related to GVHD compared
to cohort 3. In other words, cohort 3 had a lower
NRM, which may be because they benefited from
a lower incidence of GVHD mediated by G-DAC.
As previously discussed, patients with iron over-
load have an increased incidence of aGVHD.
Therefore, G-DAC-containing conditioning may
improve the prognosis of iron-overloaded patients
by reducing the aGVHD. Moreover, our data
showed that G-DAC-conditioning had a higher
incidence of platelet engraftment, which is in line
with previous study,!* and might be related to the
improvement of BM microenvironment by DAC,
such as megakaryocytes, endothelial cells, and
cytokines associated with megakaryocytes migra-
tion and endothelial cell injury,*? which could
also be a reason for a lower NRM in patients with
G-DAC conditioning. In summary, these factors
may all contribute to the better prognosis in iron-
overloaded patients undergoing G-DAC condi-
tioning compared to those without.

Our results showed that G-DAC-containing con-
ditioning reduced NRM, while previous studies
involving G-DAC or G-CSF primarily focused on
reducing relapse mortality.!%43% Comparatively,
our study included a relatively higher proportion
of elderly patients, which might explain the higher
NRM in our study compared to the prospective
ones. It is also noteworthy to mention that DAC
could ameliorate primary iron overload in MDS in
aprevious study.*> Combined with the aforemen-
tioned finding that patients with SF=1000ug/L
have a lower incidence of platelet engraftment and
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a higher incidence of GVHD, and the role of DAC
and G-CSF in reducing GVHD and promote
platelet engraftment, the survival benefit observed
in our patients is attributed to the G-DAC regi-
men’s ability to reduce NRM. First and foremost,
the major limitation of this study was that it is a
retrospective analysis. Therefore, further prospec-
tive multicenter studies will be required to validate
our findings in the future. Besides, although most
iron-overloaded patients were administered with
iron chelation therapy, the initial time of treat-
ment, course of treatment, and dosage of drugs
may vary a lot in clinical practice. However, we
did not bring these factors into the analysis. In
addition, the mechanistic evidence will also need
to be validated in future studies.

Conclusion

Iron overload at pre-transplantation was an inde-
pendent unfavorable risk factor for OS, DFS, and
NRM in MDS patients undergoing allo-HSCT.
In addition, G-DAC-containing conditioning
might be important to improve survival by reduc-
ing NRM for MDS patients with iron overload
undergoing allo-HSCT.
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