STRANS
zPLANT
zATION

Received: 2019.02.14
Accepted: 2019.06.19
Published: 2019.08.09

Authors’ Contribution: BCDEG
Study Design A AF
Data Collection B
Statistical Analysis C CF
Data Interpretation D EF
Manuscript Preparation E F
Literature Search F
Funds Collection G BC
cb
E
ACDEF
ACEFG

Corresponding Authors:
Source of support:

ORIGINAL PAPER

e-ISSN 2329-0358
© Ann Transplant, 2019; 24: 461-471
DOI: 10.12659/A0T.915696

Aplastic Anemia Preconditioned with
Fludarabine, Cyclophosphamide, and
Anti-Thymocyte Globulin

Dan Yang Department of Hematology, Institute of Hematology of People’s Liberation Army
Jianmin Yang (PLA), Changhai Hospital, Shanghai, P.R. China

Xiaoxia Hu

Jie Chen

Lei Gao

Hui Cheng

Gusheng Tang

Yanrong Luo

Weiping Zhang

Jianmin Wang

Weiping Zhang, e-mail: zhangwpch@139.com, Jianmin Wang, e-mail: jmwangch@139.com
This work was partly supported by National Natural Science Foundation of China (no. 81700175; 81530047; 81870143; 81270639;
81270638) and “1255” Discipline Promotion Program of Changhai Hospital (no. CH125521000)

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Graft rejection and graft versus host disease (GvHD) have impeded the success of hematopoietic cell transplan-
tation for severe aplastic anemia (SAA) patients. There is no sufficient data to identify the outcomes of periph-
eral blood stem cell transplantation (PBSCT) in SAA patients, especially for adult SAA patients. The aim of this
study was to evaluate the outcomes of adult SAA patients undergoing PBSCT with the FCA regimen. The FCA
regimen includes fludarabine, cyclophosphamide, and anti-thymocyte globulin (ATG).

We report our experience with 46 adult SAA patients who underwent PBSCT with the FCA regimen. Thirty SAA
patients who received only cyclophosphamide and ATG (CA) regimen were used as controls. Complications and
survival outcomes were evaluated and compared.

There was a significantly higher percentage of patients who achieved >95% donor chimerism by day 30 in the
FCA group. The 5-year event-free survival (EFS) rate in the FCA group was higher than that in the CA group
(95.4% versus 73.3%). In addition, the 5-year rejection rate (RR) in the FCA group was lower than that in the
CA group (4.6% versus 23.6%). A multivariable model identified the FCA regimen as an independent factor af-
fecting EFS and RR. However, GvHD and serious infection did not differ between the 2 groups. For patients with
an unrelated donor, the FCA regimen had a higher EFS and a lower RR than the CA regimen.

The FCA regimen for PBSCT in adult SAA patients compared favorably to the CA regimen. It can improve EFS
and reduce graft rejection, especially for unrelated donor PBSCT.
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Background

Acquired severe aplastic anemia (SAA) is a life-threatening he-
matologic disease associated with significant morbidity and
mortality. Immunosuppressive therapy and allogeneic hemato-
poietic cell transplantation (HCT) are effective treatments for
SAA [1,2]. It was recently suggested that allogeneic transplan-
tation using bone marrow as a stem cell source from an HLA
matched-related donor should be considered first-line therapy
for patients with SAA, especially for those patients under the
age of 20 years, whereas immunosuppressive therapy is typi-
cally used as first-line therapy for older patients (over 40 years
of age) with SAA or for younger patients who lack an HLA identi-
cal bone marrow donor [3-5]. The outcomes of HCT for treating
SAA have improved dramatically over the past 2 decades due to
the modification of treatment regimens, improved selection of
donors by high resolution HLA matching, and better supportive
care [6-9]. Recently, the number of allogeneic peripheral blood
stem cell transplantations (allo-PBSCTs) has increased in the ma-
jority of centers, due to the convenient collection of grafts and
faster engraftment. However, as yet, there is not sufficient data
to identify the outcomes of allo-PBSCT in SAA patients, espe-
cially for adult SAA patients without matched-related donors.

The traditional preconditioning regimen for SAA patients in HCT
is cyclophosphamide (Cy) in combination with anti-thymocyte
globulin (ATG), which is named the CA regimen [6]. However,
higher incidence of graft rejection or GvHD have been reported
with CA regimens, especially among older patients and patients
with an unrelated donor [6,7]. Recent data suggest that sur-
vival of SAA patients treated with HCT can be significantly im-
proved by using a fludarabine (Flu)-based conditioning regi-
men [3,10-23]. However, the outcome of PBSCT with Flu-based
regimens in SAA patients has not yet been defined, especially
for older patients and patients with unrelated donors.

In this retrospective study, we report our experience with 46
adult SAA patients who underwent allo-PBSCT from 2010 to
2017 with Flu in combination with the CA regimen (FCA reg-
imen), and 30 SAA patients who received only the CA regi-
men from 2006 to 2011 were used as historical controls. Our
study demonstrated that the FCA regimen for allo-PBSCT in
adult SAA patients significantly improved event-free survival
(EFS) and reduced graft rejection, especially for patients with
unrelated donor PBSCT.

Material and Methods

Patients and donor selection

This study cohort included patients with acquired SAA who un-
derwent their first allo-PBSCT from an HLA-identical siblings or
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from unrelated donors at our department from January 2006
to September 2017. Eligibility criteria were 1) age older than
18 years; 2) diagnosis of acquired SAA; and 3) peripheral blood
as a stem cell source. Patients who had significant functional
problems in major organs, or congenital disorders were ex-
cluded, leaving 76 eligible patients in the cohort. All patients
received either FCA regimen (n=46 patients) or CA regimen
(n=30 patients).

Clinical information from all patients was collected. Informed
consent forms were obtained from all patients before start-
ing the conditioning therapy in accordance with the transplan-
tation procedure. For donor selection, HLA-A, -B, -C, -DQ, and
-DRB1 matching was confirmed by a high-resolution molecu-
lar method for all patients and donors. Patient eligibility crite-
ria of the FCA group was similar to the historical control group
(CA group). Patient characteristics are summarized in Table 1.

Conditioning regimen and GvHD prophylaxis

The FCA regimen consisted of Flu (30 mg/m? on days -6 to -3),
Cy (50 mg/kg/day on days -6 to —3), and ATG (Fresenius,
Germany, 5 mg/kg/day on days —4 to -1). Forty-six patients
(61%) received the FCA regimen, whereas the other 30 patients
(39%) received a CA regimen, which included Cy (50 mg/kg/day
on days -6 to —3) and ATG (Fresenius, Germany, 5 mg/kg/day
on days -4 to -1).

GvHD prophylaxis consisted of cyclosporine A and methotrex-
ate. Methotrexate was administered on day +1 after trans-
plantation at a dose of 15 mg and on day +3 and day +6 after
transplantation at a dose of 10 mg. Intravenous cyclosporine A
(2-3 mg/kg daily) was administered from day -5; then switched
to oral drug administration (4-5 mg/kg daily). Cyclosporine A
was tapered from month +9 and discontinued by 1 year in pa-
tients with no GvHD after PBSCT.

Stem cell collection

All donors were treated with granulocyte colony-stimulat-
ing factor (G-CSF, 10 pg/kg daily) for 4-5 days before apher-
esis (peripheral blood stem cells were collected). The median
number of mononuclear cells infused was 7.36x10%/kg (range,
3.5-13.47x108%/kg) and 6.21x10%/kg (range, 2.23-13.57x10%/kg)
in the FCA group and the CA group, respectively. The me-
dian number of CD34* cells infused was 3.12x10¢/kg (range,
1.789-9.96x10¢/kg) and 3.00x10¢/kg (range, 1.77-6.52x10°/kg)
in the FCA group and the CA group, respectively. The difference
in the number of cells between the 2 groups was not statisti-
cally significant (Table 1).
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Table 1. Patient characteristics and transplantation data.
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MNC - indicates mononuclear cells. Values are number of cases with percents in parentheses, unless otherwise indicated.

Study endpoints and definitions

Study endpoints included hematopoietic recovery, graft rejec-
tion, GvHD, infection, and mortality. The single nucleotide poly-
morphism (SNP)-polymerase chain reaction (PCR) of bone mar-
row aspirates at 15, 30, 60, 90, 180, and 360 days post-PBSCT
was used for chimerism monitoring [24].

This work is licensed under Creative Common Attribution- 463
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Primary graft rejection, which we called graft failure, was de-
fined as no engraftment followed by severe neutropenia (abso-
lute neutrophil count [ANC] <0.5x10°/L) or the absence of do-
nor cells in the bone marrow or peripheral blood up to day 30
after transplantation. Secondary graft rejection was defined
as subsequent loss of ANC to <0.5x10°/L and < 5% donor chi-
merism after neutrophil and/or platelet recovery. Acute GvHD
(aGVHD) and chronic GvHD (cGvHD) were graded according
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to consensus criteria [25,26]. Regimen-related toxicity after
transplantation was graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 4.0 [27,28].

Only serious infections were analyzed in this study. Serious in-
fections were defined as infections associated with death or se-
vere clinical compromise, and included shock or organ failure,
cytomegalovirus (CMV) end-organ disease, lower respiratory
tract infection with respiratory viruses, invasive molds in si-
nus or lung, or disseminated Aspergillus species infection [29].

Statistical analysis

All data were measured from the date of PBSCT to the date of
disease progression or death from any event (EFS), the date
of death from any cause (overall survival, OS), the date of re-
jection according to the SNP-PCR of bone marrow (rejection
rate [RR] including primary rejection and secondary rejection),
and the date of serious infection (infection rate, [IR]). Data on
patients were evaluated in May 2018. Actuarial probabilities
of survival were calculated using the Kaplan-Meier method,
and the log-rank test (univariate) was used to evaluate dif-
ferences between groups. A Cox proportional hazard regres-
sion model was used for the multivariate analysis of prognos-
tic factors affecting survival. SPSS 20 was used to perform the
statistical analyses. All P values <0.05 indicated statistical sig-
nificance. The 95% confidence interval (Cl) was calculated for
standard error computation.

Results

Patients

A total of 46 patients underwent allo-PBSCT with the FCA reg-
imen, and 30 patients underwent allo-PBSCT with the CA reg-
imen. The median age of patients was 29 years (range, 18-47
years) and 32 years (range 18-49 years) in the FCA group and
the CA group, respectively. Fifty-one donors were a sibling
of the patient, and 25 donors were unrelated to the patient.
The median duration between diagnosis and PBSCT was 6.5
months (range 1-120 months). Thirty-four patients (43%) re-
ceived cyclosporine A as a single immunosuppressive therapy
agent before PBSCT, and only 1 patient received cyclosporine
A in combination with ATG for 2 cycles. None of the patients
had undergone a prior HCT. The FCA group and the CA group
were comparable in terms of age, sex, time from diagnosis
to HCT, donor type, ABO blood type, HLA matching, history of
immunosuppressive therapy, ferritin, and transfusions before
PBSCT (P>0.05, Table 1).
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Engraftment and rejection

The median number of days with an ANC >0.5x10°/L was 14
days (range, 11-27 days) in the FCA group and 13 days (range,
8-30 days) in the CA group. Platelet recovery (>20x10°/L) with-
out transfusion required was a median of 15 days (range,
9-31 days) in the FCA group and 15 days (range, 13-30 days)
in the CA group. The difference in the engraftment time be-
tween the 2 groups was not statistically significant (P=0.57
[ANC]; P=0.56 [PLT]). Forty-one patients (41 out of 46, 89.1%)
in the FCA group and 18 patients (18 out of 30 patients, 60%)
in the CA group achieved >95% donor-type chimerism by day
30 post-PBSCT (P=0.004). Moreover, the donor cell percentage
in bone marrow on day 30, detected by SNP-PCR, in the FCA
group was higher than that of the CA group (98.8+1.1% ver-
sus 92.7+3.2%, respectively, P=0.007, 95% Cl: 1.678-17.814).

Of all 76 patients, only 1 patient in the CA group experienced
primary graft rejection and that patient achieved reconstitution
after immunosuppressive therapy (cyclosporine A) 3 months
later. No patient in the FCA group underwent primary graft re-
jection. Five patients (5 out of 30 patients, 16.67%) in the CA
group underwent secondary graft rejection (median 2.9 months
after PBSCT, range, 1.8—-4.4 months). One patient self-recovered
without treatment and 1 patient received a second HCT from
the same donor; both of these patients had long-term survival.
The other 3 of the 5 patients were given a donor lymphocyte
infusion. Of these 3 patients, 1 patient died of serious infec-
tion of the lung 2 months later and the other 2 patients sur-
vived with disease (aplastic anemia). In the FCA group, second-
ary graft rejection occurred in 2 patients (2 out of 46 patients,
4.35%). One of the 2 patients received a successful second
HCT from a second matched-unrelated donor and ultimately
achieved hematologic recovery. The other patient underwent
donor lymphocyte infusion but died 1 year later because of dis-
ease that was not controlled. The 5-year RR in the FCA group
was 4.6+3.1%, which was significantly lower than that in the
CA group (23.6+7.8%, P=0.013; Figure 1A). Multivariate analy-
sis revealed the FCA regimen as an independent factor affect-
ing RR (95% Cl: 0.016-0.766, P=0.026, Table 2).

0S and EFS

The median follow-up was 54 months (range, 9-120 months).
At the time of last follow-up, 45 patients (97.83%) were alive
in the FCA group. The probability of 5-year OS in the FCA
group was 97.4+2.5%. Twenty-seven patients (90%) in the
CA group were alive, and the probability of 5-year OS was
90.0+5.5% (P=0.157; Figure 1B). In addition, the probability of
5-year EFS in the FCA group was 95.4+3.1%, which was signif-
icantly higher than that in the CA group (73.3+8.1%, P=0.006;
Figure 1C). Multivariate analysis revealed the FCA regimen as
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Figure 1. Comparison of cumulative incidence rates of (A) rejection rate (P=0.013), (B) overall survival (P=0.157), (C) event-free survival
(P=0.006) and (D) serious infection rate (P = 0.678) of 46 patients in the FCA group and 30 patients in the CA group.

an independent factor affecting EFS (95% Cl: 0.012-0.667,
P=0.019, Table 2).

Toxicity and infection

Regimen-related toxicity after PBSCT occurred in 18 patients
(39%) in the FCA group and in 11 patients (37%) in the CA
group. There was no significant difference between the 2 groups
(P=0.691). The main toxicities were due to cytomegalovi-
rus (CMV) infection (23.9% in the FCA group, 20% in the CA
group), hemorrhagic cystitis (10.9% in the FCA group, 13.3%
in the CA group), and pulmonary infection (10.9% in the FCA
group, 6.7% in the CA group), which were successfully treated
and did not cause directly mortality (Table 3).

CMV infection occurred in 11 patients in the FCA group and
5 patients in the CA group (23.9% versus 16.7%, respectively,
P=0.199), and the median time to reactivation was 31 days
after transplantation (range, 20-64 days). CMV disease oc-
curred in only 1 patient in the CA group. More information
regarding infection and toxicity rates is provided in Table 3.
Two patients in the FCA group had Epstein-Barr virus (EBV)
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infection; post-transplant lymphoproliferative disorder (PTLD)
developed in 1 patient. The EBV infection was controlled in
both patients after rituximab treatment (375 mg/m? per week).
The 5-year serious infection rate after PBSCT was 28.3+6.6%
and 23.3+7.7% in the FCA group and the CA group, respec-
tively (P=0.157; Figure 1D).

GvHD

In the FCA group, acute GvHD (aGvHD) was scored in 4 pa-
tients (4 out of 46 patients, 8.7%) as grade Il to IV at a median
time of 38 days (range, 32-49 days) after PBSCT. Compared
with the FCA group, grades Il to IV aGvHD appeared in 4 pa-
tients (4 out of 30 patients, 13.3%) of the CA group at a me-
dian time of 24 days (range, 19-39 days), (8.7+4.2% for the FCA
group versus 13.3+6.3% for the CA group, P=0.51; Figure 2A).
Except for 1 patient who died of transplant-related disease, 75
SAA patients survived longer than 3 months after transplan-
tation and were eligible for evaluation for cGvHD. In the FCA
group, 9 patients (19.5%) developed cGvHD at a median time
of 7 months (range, 4-11 months). Compared with the FCA
group, cGvHD appeared in 10 patients (34.5%) in the CA group
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Table 2. Multivariate analyses of OS, EFS and RR among the total sample.

Variables

Cl — indicates confidence interval; IST — immunosuppressive therapy; HSCT — hematologic stem cell transplantation; GVHD — graft

versus host disease.
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Table 3. Regimen-related organ toxicity rates for patients in FCA group and CA group.
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CMV — indicates cytomegalovirus; PTLD — post-transplant lymphoproliferative disorders; CNS — central nervous system;
Gl — gastrointestinal. Values are number of cases with percents in parentheses.
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Figure 2. Comparison of (A) acute GvHD (P=0.51) and (B) chronic GvHD (P=0.213) of 46 patients in the FCA group and 30 patients in
the CA group.

at a median time of 5 months (range, 4-9 months) (19.5+6.2%
in the FCA group versus 34.5+8.8% in the CA group, P=0.213;
Figure 2B). All cases were limited cGvHD; no extensive or se-
vere cGvHD occurred.

Unrelated donor PBSCT in the FCA group and CA groups

Overall, there were 25 patients out of the 76 patients included
in the study who received unrelated donor PBSCT. Sixteen
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patients (16 out of 46 patients, 35%) were from the FCA group
and 9 patients (9 out of 30 patients, 30%) were from the un-
related donor CA subgroup. In the unrelated donor FCA sub-
group, all patients (16 out of 16 patients, 100%) were alive
at the last follow-up; whereas in the unrelated donor CA sub-
group, 7 out of 9 patients (77.8%) were alive at the last fol-
low-up. The probability of 5-year OS for the unrelated donor
subgroups was 100% for FCA and 77.8+13.9% for CA (P=0.052,
Figure 3A). However, the probability of 5-year EFS in the FCA
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Figure 3. Comparison of unrelated donor PBSCT in the FCA group (n=16) and the CA group (n=9) for (A) overall survival (P=0.052),
(B) event-free survival (P=0.004), (C) rejection rate (P=0.016), and (D) infection rate (P=0.371).

subgroup was 93.8+6.1%, which was significantly higher than
that in the CA subgroup (44.4+16.6%, P=0.013; Figure 3B). Only
1 patient (6.2%) in the FCA subgroup experienced graft rejec-
tion after PBSCT, whereas 4 patients (44.4%) in the CA sub-
group experienced graft rejection. Furthermore, the FCA sub-
group had a significantly lower 5-year RR than the CA subgroup
(6.2+6.1% versus 44.4+17.3%, P=0.016; Figure 3C).

Seven patients in the FCA subgroup and 2 patients in the CA
subgroup experienced serious infection after PBSCT. The seri-
ous infection rates in the FCA subgroup and CA subgroup were
43.7+12.4% and 22.2+13.9%, respectively (P=0.371, Figure 3D).

Discussion

Recently, Flu-based regimens have been introduced with
promising results in SAA patients with bone marrow trans-
plantation (BMT) [10,13]. However, the efficacy of this regi-
men is less well demonstrated in PBSCT, which is used more
frequently in many transplantation centers, especially those
patients with matched-unrelated donor in China, because the
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China Marrow Donor Program only collects peripheral blood
stem cells from donors [3,6,9,30-34]. We reviewed the liter-
ature and summarized reports using Flu-based regimens in
both BMT and PBSCT for SAA patients published in recent
years (Table 4) [18-23]. As shown in Table 4, most of these
studies reported data for younger patients with BMT or PBSCT,
mixed together, with 4-year or 5-year OS varying from 67.9%
to 96.7%, and few studies reported the long-term outcome in
large cohorts [18,19,21-23].

Since aplastic anemia is a non-malignant hematologic dis-
ease, the effect of graft versus host reaction has no benefits
for patients and might lead to serious complications and even
death [35]. It is well known that, compared to PBSCT, BMT re-
sults in less incidence and severity of GvHD [36,37]. As shown
in Table 4, the incidences of GvHD varies greatly, ranging from
11.7% to 46.4% for aGvHD and from 16.2% to 37.9% for cGvHD.
In the current study of PBSCT, however, the rates of grade Il
to IV aGvHD (8.7%) and cGvHD (19.5%, all limited) in the FCA
group were more acceptable. This favorable result might be
related to the enhancement of immunosuppression with the
FCA regimen in this study.

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



Yang D. et al.:
Aplastic anemia preconditioned with fludarabine, cyclophosphamide...
© Ann Transplant, 2019; 24: 461-471

Table 4. Published clinical studies of fludarabine-based regimen for stem cell transplantation in acquired severe aplastic anemia.

Regimen

Cy/Flu/ Unrelated

Thymoglobulin

Cy (50 mg/kg/d,d -9 to -6),
Flu (30 mg/m?/d, d -5 to -2),
thymoglobulin (2.5 mg/kg/d,
d-3to-1)

Cy (60 mg/kg/d, d -8, -7),
Flu (40 mg/m?/d, d -6 to -2),
ATG (2.5 mg/kg/d=3 days)

Cy/Flu/
Thymoglobulin

Cy (40 mg/kg/d=3 days),
Flu (30 mg/m?/dx5 days),
thymoglobulin (2.5 mg/kg/
dx3 days)

Cy (50 mg/kg/dx2 days),
Flu (30 mg/m?/dx6 days),
ATG (2.5mg/kg/dx4 days)

Cy (50mg/kg/d, d -3, -2),
Flu (30 mg/m?/d, d -6 to -2),
ATG (3 mg/kg/d, d —4 to -2)

Related (25)

Cy (50 mg/kg/d=4 days),
Flu (30 mg/m?/dx5 days),
ATG (3 mg/kg/dx3 days)

Cy (60 mg/kg/d=2 days),
Flu (30 mg/m?/dx6 days),
horse ATG (30-40 mg/kg/
dx4 days)

Cy (60 mg/kg/d, d -7, -6),
Flu (25 mg/m?/d, d -5 to -1),
ATG (4 mg/kg/d, d -5 to -2)

Cy/Flu/ATG Cy (50 mg/kg/d, d -6 to -3), Related (30)
Flu (30 mg/m?/d, d -6 to -3),

ATG (5 mg/kg/d, d —4 to -1)

Unrelated (15)

Unrelated (16)

Stem cell jedian
engraft- Survival GVHD Reference
source
ment, day
28 BM (15); 15 4yr: aGVHD: 18
PB (13) 67.9% 46.4%;
cGVHD
34.8%
29 BM (5); 15 5yr: aGVHD: 19
PB (24) 96.7% 41.3%;
cGVHD:
37.9%
15 BM (3); 13.5 3yr aGVHD: 20
PB (11); 60% 3 pts;
BM+PB (1) cGVHD
4 pts
117 BM (98); 12 Syr: aGVHD: 21
PB (8); 91.5%  18.8%;
BM+PB (11) cGVHD:
17.6%
40 BM (30); 15 4yr: aGVHD: 22
PB (10) 85.6% 23.3%;
cGVHD
16.2%
32 BM (21); 18 5yr aGVHD: 23
PB (11) 67% 35.2%;
cGVHD
26.6%
5 PB (5) 11 lyr: aGVHD: 42
100% 1 pts;
cGVHD
2 pts
15 CD34+ 14 5yr: aGVHD: 50
selected 86% 13%;
PB (15) cGVHD
13%
46 PB (46) 14 5yr: aGVHD: Our
97.4% 8.7%; data
cGVHD
19.5%

BM — bone marrow; PB — peripheral blood; Cy — cyclophosphamide; Flu — fludarabine; ATG — antithymocyte globulincytosine;

GVHD - graft-versus host disease; pts — patients.

On the other hand, graft rejection is another key complication
after allo-HCT, which happens more frequently in SAA cases,
ranging from 0% to 25%, than other hematological malignan-
cies [38-41]. Multiple transfusion is known to result in increased
rates of graft rejection in SAA patients after HCT because of al-
loimmunization, which adversely affects survival rates [42,43].
Iron overload related to transfusion is also known to increase
transplant-related complications, including graft rejection, and
transplant-related mortality after HCT [44,45]. In the current
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study with 46 peripheral blood recipients older than 18 years
of age who were preconditioned with FCA regimen, however,
only 2 patients (4.35%) underwent a second graft rejection, and
the estimated 5 year RR was much lower in the FCA group com-
pared to the CA group (P=0.013), while the amount of transfu-
sion and the serum level of ferritin were similar between the
2 groups. Moreover, the day 30 donor type chimerism detected
by SNP-PCR was also higher in the FCA group than that in the
CA group. These results indicated that the higher engraftment
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property of the PB graft might play an important role in the
lower RR in this cohort of adult SAA patients.

BMT with matched-unrelated donor is considered a first-line
treatment approach for children with SAA who lack a matched-
related donor. Lee et al. reported that matched-unrelated do-
nor BMT conditioned with total body irradiation (TBI) and Cy
regimen resulted in a 5-year OS of 88% in adult patients with
SAA [46]. A recent retrospective study showed that the sur-
vival outcome of matched-unrelated BMT was not statistically
inferior to that of matched-related donor BMT [47]. However,
the outcome of matched-unrelated donor PBSCT for adult SAA
is still unclear. Three previous studies using Flu-based regimen
for matched-unrelated donor HCT (including BMT and PBSCT)
with SAA patients showed that the 4-year or 5-year OS ranged
from 67.9% to 96.7% (Table 4) [18,19,23]. In the current study,
one-third of SAA patients (25 out of 76 patients) underwent
a matched-unrelated donor PBSCT. Of these patients, the es-
timated 5-year OS of patients who received the FCA regi-
men and the CA regimen was 100% and 77.8%, respectively
(P=0.052). The 5-year EFS for patients treated with the FCA
regimen was superior to that of patients who received the CA
regimen (P=0.013). These results can majorly be attributed to
a lower RR rate in the FCA group compared to the CA group
(P=0.016). The RR rate of the FCA group shown in this study was
similar to that reported by Bacigalupo et al., with an RR of 5%
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among young SAA patients who received matched-unrelated
donors BMT [12]. Therefore, Flu can improve long-term sur-
vival mainly due to stronger immunosuppressive activity with
lower RR rate, especially in adult patients with matched-unre-
lated donor PBSCT. More importantly, in our study, the stron-
ger immunosuppressive activity of the FCA regimen was not
associated with higher regimen-related toxicities or complica-
tions such as serious infections and organ toxicities (Table 3).

Conclusions

Our findings indicated that the FCA regimen for allo-PBSCT is
safe and feasible for adult patients with SAA, especially for
those with a matched-unrelated donor. Compared to the CA
regimen, the FCA regimen preconditioning for SAA resulted in
higher rates of engraftment and EFS, fewer graft rejections,
and acceptable incidence of GvHD and organ toxicity. The na-
ture of this retrospective study which used historical controls
and had a limited number of patients was a major limitation
for this study. Further multicenter studies are needed to con-
firm this conclusion.
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