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Post-Transplant Cyclophosphamide Allows Allogeneic 
Hematopoietic Stem-Cell Transplantation Across  

Donor Types for Nonmalignant  
Hematologic Diseases
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Abstract

Background: The aim of the study was to compare post-transplant 
cyclophosphamide (PTCY)-based regimens with historical regimens 
using calcineurin inhibitor and methotrexate (CNI-MTX) for alloge-
neic hematopoietic stem-cell transplant (HCT) in nonmalignant he-
matologic disorders.

Methods: We conducted a single-center, retrospective review of pa-
tients with acquired severe aplastic anemia (N = 18) or Diamond-
Blackfan anemia (N = 1) who underwent allogeneic HCT from 2011 
to 2024. Patients received graft-versus-host disease (GVHD) prophy-
laxis with either CNI-MTX or PTCY-mycophenolate mofetil-tacroli-
mus. Primary endpoints were overall survival (OS) and disease-free 
survival (DFS) without graft failure at 1 year after transplantation.

Results: In the CNI-MTX cohort (N = 14) with severe aplastic ane-
mia, 11 patients received fludarabine-cyclophosphamide-thymoglob-
ulin (ATG)-total body irradiation (TBI), while three received cyclo-
phosphamide-ATG allogeneic HCT. Donors were matched-unrelated 
(N = 7), matched-related (N = 6), or mismatched-unrelated (N = 1). 
Graft sources included bone marrow (N = 12) or peripheral blood 
stem cells (N = 2). One patient developed grade 3 skin acute GVHD, 
and none had chronic GVHD. There was primary graft failure (N = 6), 
stable mixed T-cell chimerism (N = 4), and 100% donor chimerism 
(N = 4). Four patients with primary graft failure underwent salvage 
second transplants at a median of 103 days (35–322) after the first 
transplant. Five patients with primary graft failure died at a median 

of 6 months (0.89–9.3) from the first transplant. The PTCY cohort (N 
= 5) included four patients with severe aplastic anemia and one with 
Diamond-Blackfan anemia. All underwent fludarabine-cyclophos-
phamide-ATG-TBI allogeneic HCT. Donors were matched-related (N 
= 1), matched-unrelated (N = 2), syngeneic (N = 1), or haploidenti-
cal (N = 1). Graft source was peripheral blood stem cells (N = 3) for 
matched-related, matched-unrelated, and syngeneic transplants, and 
bone marrow (N = 2) for haploidentical and matched-unrelated donor 
transplants. Donor chimerism was 100% (N = 3) and mixed chimer-
ism (N = 2). All patients became transfusion-independent, and none 
developed GVHD or graft failure. The 1-year OS rate was 64.29% 
vs. 100%, the 1-year DFS rate was 57.14% vs. 100%, and the 1-year 
GVHD-free, graft failure-free survival (GRFS) was 50% vs.100% for 
the CNI-MTX and PTCY cohorts, respectively. Despite a trend to-
ward better OS, DFS, and GRFS for PTCY, the OS, DFS, and GRFS 
time distributions were not statistically significantly different (P = 
0.1448, 0.0919, and 0.0627, respectively).

Conclusion: Allogeneic HCT with uniform conditioning of fludara-
bine-cyclophosphamide-ATG-TBI with PTCY GVHD prophylaxis is 
effective for adults with severe aplastic anemia or Diamond-Blackfan 
anemia across donor types (matched-related, syngeneic, matched-
unrelated, haploidentical) and should be prospectively compared with 
historical regimens using CNI-MTX GVHD prophylaxis.

Keywords: Aplastic anemia; Diamond-Blackfan anemia; Allogeneic 
stem-cell transplantation; Conditioning chemotherapy; Graft-versus-
host disease

Introduction

Immunosuppressive therapy for acquired severe aplastic ane-
mia (SAA) with eltrombopag, horse anti-thymocyte globulin, 
and cyclosporine has a 52% 12-month complete remission rate 
but a 40% risk of relapse and 15% risk of myeloid neoplasm 
within 4 years [1–4]. As it can take 3 months to respond to im-
munosuppressive therapy, the primary cause of death in SAA 
is infection from prolonged neutropenia [4]. Due to relapse and 
clonal evolution to myeloid neoplasia with immunosuppres-
sive therapy, the 15-year event-free survival of SAA is only 
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27% in patients younger than 20 and 12% for those 60 years or 
older [5]. Thus, immunosuppressive therapy is not curative [5]. 
Older age exacerbates the risk of relapse and myeloid neopla-
sia after immunosuppressive therapy [6, 7]. Most patients who 
progressed to myeloid neoplasia developed myelodysplastic 
syndrome (75%), followed by acute myeloid leukemia in 18% 
and myelodysplastic/myeloproliferative neoplasm in 7% [2]. In 
contrast to de novo myelodysplastic syndrome, AA-associated 
myelodysplastic syndrome had higher revised international 
prognostic scoring system scores from more frequent RUNX1 
mutations (21% vs. 8%), ASXL1 mutations (24% vs. 12%), and 
chromosome 7 abnormalities (53% vs. 11%) [2]. Secondary 
myeloid neoplasms have poor prognosis even with an alloge-
neic hematopoietic stem-cell transplantation (HCT). For exam-
ple, the 2-year leukemia-free survival rate is only 28.5%, and 
the overall survival (OS) rate is 34.9% with allogeneic HCT for 
monosomy 7 acute myeloid leukemia [8]. In contrast, upfront 
allogeneic HCT has curative potential in SAA.

Given the lack of durability with immunosuppressive ther-
apy and the risk of myeloid neoplasia, the American Society 
for Transplantation and Cellular Therapy recommends upfront 
allogeneic HCT in fit newly diagnosed acquired SAA patients 
with matched related donors (MRDs), if available, in those less 
than 50 years of age, but also in those over 50 years [9]. If an 
MRD is unavailable, the recommendations are for alternative 
donor transplants with a matched unrelated donor (MUD) or 
a haploidentical donor [9]. Upfront MRD-HCT was superior 
to immunosuppressive therapy with horse ATG, cyclosporine, 
and eltrombopag in a prospective study of SAA patients [10]. 
In addition, Xu et al found similar outcomes with upfront hap-
loidentical or MRD HCT. The 9-year OS was 87.1±2.5% for 
haploidentical donors and 89.3±3.7% for MRD (P = 0.173) 
[11]. The 9-year disease-free survival (DFS) was 86.5±2.6% 
for haploidentical donors and 88.1±3.8% for MRD (P = 0.257) 
[11]. Notably, in a European Society for Blood and Marrow 
Transplantation meta-analysis of retrospective studies of SAA 
patients undergoing upfront alternative donor HCT (haploi-
dentical, MUD, mismatched unrelated donor) versus immuno-
suppressive therapy, the pooled 5-year odds ratio for OS was 
statistically significant at 0.44 (95% confidence interval (CI), 
0.23–0.85) in favor of upfront alternative donor HCT [12].

There are no randomized prospective studies comparing 
conditioning regimens for transplant in aplastic anemia. In a 
retrospective registry study from the Center for International 
Blood and Marrow Transplantation Research (CIBMTR), SAA 
patients receiving MRD-HCT had similar survival with cyclo-
phosphamide and rabbit antithymocyte globulin (CY-ATG) 
or fludarabine, cyclophosphamide, and rabbit antithymocyte 
globulin (FLU-CY-ATG) conditioning [13]. For those undergo-
ing MUD-HCT, the optimal conditioning was FLU-CY-ATG or 
FLU-CY-ATG with total body irradiation (TBI) [13].

Calcineurin inhibitor and methotrexate (CNI-MTX) remains 
the standard regimen for graft-versus-host disease (GVHD) 
prophylaxis in MRD and MUD-HCT. For haploidentical HCT, 
post-transplant cyclophosphamide (PTCY)-based prophylaxis 
is preferred. Recently, PTCY-based GVHD prophylaxis was 
used effectively in MRD and MUD-HCT for SAA patients [14]. 
There was a 3-year OS of 100% for three SAA patients with 
MSD, six with MUD, and one with a 7/8 mismatched unrelated 

donor HCT using the PTCY platform [14]. Furthermore, the low 
rates of graft rejection and GVHD with PTCY allow for the safe 
use of alternative donors in transplant for SAA, where the graft-
versus-tumor effect is not required [14].

In this study, we compared PTCY-based regimens with 
historical regimens using CNI-MTX for allogeneic HCT in 
nonmalignant hematologic disorders to determine whether 
uniform conditioning and GVHD prophylaxis can be used 
across donor sources.

Materials and Methods

Patients

We reviewed 19 patients with nonmalignant hematologic dis-
orders who underwent allogeneic HCT at the Virginia Com-
monwealth University between 2011 and 2024. Patients had 
SAA (N = 18) and Diamond-Blackfan anemia (DBA) (N = 
1). The SAA patients had unremarkable testing for inherited 
bone marrow (BM) failure syndromes. The Virginia Common-
wealth University Institutional Review Board (ethics commit-
tee) approved this retrospective study. The study adhered to the 
1964 Helsinki Declaration and its later amendments.

Conditioning and GVHD prophylaxis

We compared PTCY-based regimens with historical regimens 
using CNI-MTX GVHD prophylaxis for allogeneic HCT in 
nonmalignant hematologic disorders.

The CNI-MTX cohort (N = 14) with SAA had FLU-CY-
ATG-TBI (N = 11) or CY-ATG (N = 3) conditioning for al-
logeneic HCT. The FLU-CY-ATG-TBI regimen consisted of 
intravenous (IV) fludarabine 30 mg/m2 on days −5, −4, −3, −2; 
cyclophosphamide 50 mg/kg on day −2; rabbit ATG 3 mg/kg 
on days −4, −3, −2; and TBI 2 Gy on day −1 before transplant. 
High dose CY-ATG consisted of IV cyclophosphamide 50 mg/
kg on day −5 to −2 and rabbit ATG 2.5 mg/kg on day −5 to 
−3. Standard hydration and MESNA at the equivalent dose to 
cyclophosphamide were given in both regimens. Unmanipu-
lated grafts of either BM (N = 12) or peripheral blood stem 
cells (PBSCs) (N = 2) were infused on day 0. From day +4, 
granulocyte colony-stimulating factor 5 µg/kg/day was given 
until the absolute neutrophil count (ANC) was > 1 × 109/L for 
three consecutive days.

Patients received GVHD prophylaxis with a combination 
of IV tacrolimus 0.015 mg/kg daily beginning on day −3 and 
methotrexate 15 mg/m2 on day 1 and 10 mg/m2 on days 3, 6, 
11 after transplant with leucovorin rescue. Trough tacrolimus 
blood levels were maintained at 10 to 15 µg/L for at least a 
year after transplant to abrogate the risk of late graft failure. 
Then the tacrolimus was tapered if there was no GVHD.

The PTCY cohort (N = 5) underwent allogeneic HCT with 
FLU-CY-ATG-TBI consisting of IV rabbit ATG 0.5 mg/kg on 
day −9 and 2 mg/kg on days −8 and −7; fludarabine 30 mg/m2 
IV daily from day −6 to day −2; cyclophosphamide 14.5 mg/
kg IV daily from day −6 to day −5; and TBI 400 cGy on day 
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−1 before transplant. The unmanipulated donor grafts (three 
BM and two PBSC) were infused on day 0. On day 5 post-
transplant, granulocyte colony-stimulating factor 5 µg/kg/day 
was given until the ANC was > 1 × 109/L for three consecutive 
days. Post-transplant GVHD prophylaxis included PTCY 50 
mg/kg/day IV on days 3 and 4, mycophenolate mofetil orally 
15 mg/kg three times per day up to 1 g three times per day from 
day 5 to day 35, and tacrolimus orally or IV starting day 5 to 
maintain a level of 10 to 15 ng/mL for a year and then tapered 
if there was no GVHD.

All patients received standard antibiotic prophylaxis with 
acyclovir, levofloxacin, and posaconazole throughout the hos-
pitalization. On day 30 post-transplant, Pneumocystis jirovecii 
prophylaxis with trimethoprim-sulfamethoxazole was begun.

Endpoints and definitions

All outcomes in the study were defined from the first HCT. The 
primary endpoints were OS and DFS at 1 year. Events were 
death from any cause. OS was defined as the time between the 
HCT and death. Events considered in DFS were primary graft 
failure. Secondary endpoints included graft failure, grade II-IV 
acute and chronic GVHD, GVHD-free, relapse-free survival 
(GRFS), and treatment-related mortality (TRM). The defini-
tion of neutrophil engraftment was an ANC > 0.5 × 109/L for 
three consecutive days. The definition of platelet engraftment 
was a platelet count > 20 × 109/L without transfusions for the 
past 7 days. Primary graft failure was an inability to achieve an 
ANC > 0.5 × 109/L for three consecutive days by day 42 post-
transplant. Secondary graft failure was an ANC fall to < 0.5 
× 109/L after initial engraftment ANC > 0.5 × 109/L without 
evidence of any infections or drug toxicity. The definition of 
GRFS was surviving without primary graft failure, grade 3-4 
acute GVHD, or chronic GVHD necessitating systemic thera-
py. Day 100 post-transplant TRM was defined as death from 
any cause without graft failure. The definition of acute and 
chronic GVHD was according to consensus criteria [15–17].

Chimerism

Pre-transplant specimens obtained from both the recipient 
and donor established a baseline pattern. A standard silica-
based procedure was used to extract the deoxyribonucleic 
acid (DNA). A polymerase chain reaction (PCR) amplified the 
DNA using the PowerPlex® 16 HS System (Promega Corpo-
ration) to determine informative genetic markers. This infor-
mation was stored for future comparison with post-transplant 
specimens from the recipient. Sequential engraftment studies 
for monitoring used blood or BM specimens. Studies were also 
performed with specific sorted cell populations such as T-lym-
phocytes (CD3+) and granulocytes (CD66b+), using antibody-
mediated positive selection and magnetic particle separation. 
Using fluorescently labeled primers, this system co-amplified 
the following short tandem repeat (STR) markers (which are 
repetitive units of 3–7 base pairs): D18S51, D21S11, TH01, 
D3S1358, Penta E, FGA, TPOX, D8S1179, vWA, Amelo-

genin, CSF1PO, D16S539, D7S820, D13S317, D5S818, and 
Penta D. This includes all 13 CODIS STR markers, amelo-
genin for gender determination, and two penta-nucleotide STR 
markers. Capillary electrophoresis separated the PCR prod-
ucts. The ChimeRMarker® software (SoftGenetics) analyzed 
the data. Results were reported as a percentage of donor cells 
in the post-transplant sample and calculated from the peak area 
for each informative marker. The linear range of this assay is 
from 5% to 95% donor cells.

Statistical analysis

To compare the characteristics of the two cohorts, the t-test 
was used for continuous variables (e.g., age), and Fisher’s ex-
act or the Cochran-Mantel-Haenszel test for categorical vari-
ables. To determine whether the OS time distribution differed 
significantly between the PTCY and CNI-MTX cohorts at 1 
year after transplant, an OS analysis was performed using the 
log-rank test. All 19 patients (PTCY cohort, N = 5; CNI-MTX, 
N = 14) were included. Any patients who were still alive 1 year 
after transplant were censored.

Furthermore, to determine whether the DFS time distribu-
tion differed significantly between the PTCY and CNI-MTX 
cohorts at 1 year after transplant, a 1-year DFS analysis was 
conducted by the log-rank test. All 19 patients (PTCY cohort, 
N = 5; CNI-MTX cohort, N = 14) were included. Any patients 
who did not experience graft failure within a year after trans-
plant were censored.

To determine whether the GRFS time distribution differed 
between the PTCY and CNI-MTX cohorts at a year after the 
transplant, a 1-year GRFS analysis was conducted using the 
log-rank test. Any patients who survived without GVHD or 
graft failure within a year after transplant were censored.

Four Cox proportional hazards models were used to assess 
the impact of the individual covariates of graft source, age, 
gender, donor type, conditioning, and chimerism on OS, DFS, 
and GRFS in the two cohorts.

The analysis was conducted using SAS (Statistical Analy-
sis System) version 9.4 software. The significance level was 
set to 0.05.

Results

CNI-MTX cohort

Patient and transplant characteristics

Fourteen patients with acquired SAA underwent allogeneic 
HCT with CNI-MTX GVHD prophylaxis after FLU-CY-
ATG-TBI (N = 11) or CY-ATG (n = 3) conditioning (Table 1). 
The mean age was 29.1 years (18–58). Thirteen patients had 
failed initial immunosuppressive therapy with horse ATG and 
cyclosporine and subsequently had salvage allogeneic HCT. 
One patient had upfront allogeneic HCT. Median time from 
diagnosis to transplant for the CNI-MTX cohort was 319 days 
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(range, 37–4,962 days). Donors were MUD (N = 7), MRD (N 
= 6), and a mismatched unrelated donor (N = 1). Graft source 
was BM (N = 12) and PBSC (N = 2). Median follow-up was 
87.5 months (range, 0.89–181 months).

Outcomes with CNI-MTX GVHD prophylaxis

Six patients (42%) had primary graft failure. An additional 
patient had secondary graft failure necessitating salvage al-
logeneic HCT four and a half years from the first transplant. 
There was primary graft failure (N = 6), mixed chimerism (N 
= 4), and 100% donor chimerism (N = 4). Four patients with 
primary graft failure had salvage second allogeneic HCT at a 
median of 103 days (35–322) after the first transplant. Five 
patients died at a median 6 months (range, 0.89–9.3) from the 
first transplant due to primary graft failure. One patient had 
grade 3 skin acute GVHD at day 72 post-transplant. None had 
chronic GVHD. Overall, the day 100 TRM was 0. Eight pa-

tients are alive at a median follow-up of 120.5 months (range, 
48–181 months) and are transfusion-independent. BM next-
generation sequencing (NGS) before and after transplant was 
not available.

PTCY cohort

Patient and transplant characteristics

The PTCY cohort (N = 5) underwent FLU-CY-ATG-TBI 4 Gy 
allogeneic HCT for SAA (N = 4) and DBA (N = 1). Mean age 
was 33.8 years (21–48) (Table 2). Three SAA patients had up-
front transplant at a median of 118 days (range, 105–143) from 
diagnosis. The DBA patient had an MUD-HCT at age 35 after 
failing to respond to prednisone. Another SAA patient relapsed 
2 years after immunosuppressive therapy (horse ATG, cyclo-
sporine, and eltrombopag) and had haploidentical BM trans-
plantation 814 days from diagnosis. Median time from diag-

Table 1.  Characteristics of Bone Marrow Failure Patients Who Received an Allogeneic Hematopoietic Cell Transplant

Characteristics PTCY (N = 5) CNI-MTX (N = 14) P value
Age, years, mean (minimum–maximum) 33.8 (21–48) 29.1 (18–58) 0.459
Gender, N (%) 0.1409
    Female 1 (20) 9 (64.29)
    Male 4 (80) 5 (35.71)
Diagnosis, N (%) 0.4527
    Severe aplastic anemia 4 (80) 14 (100)
    Diamond-Blackfan anemia 1 (20) 0 (0)
Karnofsky performance status, N (%) 1
    90% or more 5 (100) 14 (100)
Donor type, N (%) 0.1838
    Sibling donor 1 (20) 6 (42.86)
    Matched unrelated donor 2 (40) 7 (50)
    Haploidentical 1 (20) 0 (0)
    Identical twin donor (syngeneic) 1 (20) 0 (0)
    Mismatched unrelated donor (7/8) 0 (0) 1 (7.14)
Graft source, N (%) 0.0844
    Bone marrow 2 (40) 12 (85.71)
    Peripheral blood stem cells 3 (60) 2 (14.29)
Chimerism, N (%) 0.2112
    Full donor 2 (40) 4 (28.57)
    Mixed T-cell chimerism; full donor myeloid chimerism 2 (40) 4 (28.57)
    None (primary graft failure) 0 (0) 6 (42.86)
    Syngeneic donor 1 (20) 0
Conditioning, N (%) 0.2723
    Cyclophosphamide and rabbit ATG 0 (0) 3 (21.43)
    Fludarabine, cyclophosphamide, rabbit ATG, TBI 5 (100) 11 (78.57)

ATG: rabbit anti-thymocyte globulin; CNI: calcineurin inhibitor; MTX: methotrexate; PTCY: post-transplant cyclophosphamide; TBI: total body irradiation.
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nosis to transplant for the PTCY cohort was 143 days (range, 
105–12,775 days). Donors were MRD (N = 1), MUD (N = 2), 
syngeneic (N = 1), and haploidentical (N = 1). Graft sources 
were PBSC (N = 3) in MRD, MUD, and syngeneic allogeneic 
HCT, and BM (N = 2) in haploidentical and MUD allogeneic 
HCT. Median follow-up was 17.6 months (range, 15.6–20.7 
months).

Outcomes with PTCY GVHD prophylaxis

Two patients had 100% donor chimerism, and two had sta-
ble mixed T-cell chimerism with complete myeloid chimerism 
and normal blood cell counts. Chimerism studies could not be 
performed in the patient with a syngeneic donor. The synge-
neic donor was identified based on the history of a monocho-
rionic placenta. The patient achieved normal blood counts. 
All patients became transfusion-independent. None had acute 
or chronic GVHD or graft failure. Neutrophil engraftment 
occurred at a median of 14 days (range, 12–17). Platelet en-
graftment occurred at a median of 18 days (range, 14–31). 
The three SAA patients who had upfront allogeneic HCT had 
negative BM NGS before and after transplantation. The SAA 
patient who received initial immunosuppressive therapy had 
pre-transplant NGS showing an IKZF1 mutation, whereas 
the post-transplant NGS was negative. The DBA patient had 
a SH2B3 mutation on pre-transplant NGS, but post-transplant 
NGS was negative. The day 100 TRM was 0. No infections 
occurred by 1-year follow-up. All patients are alive at a median 
follow-up of 17.6 months (range, 15.6–20.7 months).

Comparing the CN-MTX and PTCY cohorts

There was no statistically significant difference in the age, 
Karnofsky performance status, donor type, conditioning chem-
otherapy, or graft source between the CNI-MTX and PTCY 
cohorts (Table 1). The 1-year OS rate was 64.29% vs. 100% 
(Fig. 1), the 1-year DFS rate was 57.14% vs. 100% (Fig. 2), 
and the 1-year GRFS was 50% vs.100% (Fig. 3) for the CNI-
MTX and PTCY cohorts, respectively. Despite a trend toward 
better OS, DFS, and GRFS for PTCY, the OS, DFS, and GRFS 
time distributions between the two cohorts were not statistical-
ly significantly different with log-rank test P values of 0.1448, 
0.0919, and 0.0627, respectively (Supplementary Materials 1–
9, jh.elmerpub.com). The cumulative incidence of graft failure 
did not significantly differ between the CNI-MTX and PTCY 
cohorts (Gray’s test P value 0.059). There was no significant 
impact of the covariates of graft source, age, gender, chimer-
ism, donor type, or conditioning on the OS, DFS, or GRFS 
time distributions in the two cohorts (Supplementary Materials 
3, 6, and 9, jh.elmerpub.com).

Discussion

We compared PTCY-based regimens to historical regimens us-
ing CNI-MTX for allogeneic HCT in nonmalignant hemato-Ta
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logic disorders. The age, Karnofsky performance status, donor 
type, or graft source (PBSC or BM) did not differ between 
the CNI-MTX and PTCY cohorts. The 1-year OS rate was 
64.29% vs. 100%, the 1-year DFS rate was 57.14% vs. 100%, 

and the 1-year GRFS was 50% vs. 100% for the CNI-MTX 
and PTCY cohorts, respectively. Despite a trend toward bet-
ter OS, DFS, and GRFS for PTCY, the OS, DFS, and GRFS 
time distributions between the two cohorts were not statisti-
cally significantly different. Even so, five patients died at a 
median of 6 months (0.89–9.3) from the first transplant due 
to primary graft failure in the CNI-MTX cohort. None died 
in the PTCY cohort at the time of this report. Four patients in 
the CNI-MTX cohort and two in the PTCY cohort had split 
chimerism with complete myeloid chimerism but mixed T-cell 
chimerism, as often seen with ATG-based conditioning regi-
mens. The patients maintained normal blood counts and did 
not require intervention.

There are no randomized prospective studies directly com-
paring conditioning regimens for transplant in aplastic anemia, 
given the disease’s rarity. Nor are there studies directly com-
paring GVHD prophylaxis with CNI-MTX versus PTCY in 
aplastic anemia. The British Society for Haematology recom-
mends CNI-MTX for MRD and MUD HCT and PTCY-based 
GVHD prophylaxis for haploidentical HCT in SAA [18]. 
Whereas the American Society for Transplantation and Cel-
lular Therapy recommends CNI-MTX or PTCY-based GVHD 
prophylaxis for SAA patients undergoing MRD or MUD-HCT 
and PTCY-based prophylaxis for those receiving haploidenti-
cal HCT [9]. Our data further support these recommendations 
by showing PTCY-based prophylaxis is effective in haploiden-
tical, MRD, and MUD-HCT for aplastic anemia. Our study 
found no difference in OS, DFS, or GRFS between CNI-MTX 
and PTCY-based GVHD prophylaxis.

In our study, uniform PTCY-based conditioning with 
FLU-CY-ATG-TBI 4Gy in MRD (N = 1), MUD (N = 2), syn-

Figure 2. Disease-free survival of the two cohorts: post-transplant cy-
clophosphamide (PTCY) versus calcineurin inhibitor and methotrexate 
(CNI-MTX).

Figure 3. Graft-versus-host disease-free, relapse-free survival (GRFS) 
of the two cohorts: post-transplant cyclophosphamide (PTCY) versus 
calcineurin inhibitor and methotrexate (CNI-MTX).

Figure 1. Overall survival of the two cohorts: post-transplant cyclo-
phosphamide (PTCY) versus calcineurin inhibitor and methotrexate 
(CNI-MTX).
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geneic (N = 1), and haploidentical (N = 1) allogeneic HCT of-
fered 100% 1-year OS, DFS, and GRFS. No patient had graft 
failure. The patient with DBA underwent MUD-HCT at age 
35, by which time he had transfusional iron overload in the 
liver and heart. Comorbidities such as these in adults preclude 
myeloablative conditioning, the current standard for DBA 
[19]. With the reduced-intensity regimen of FLU-CY-ATG-
TBI 4 Gy with PTCY, mycophenolate mofetil, and tacrolimus, 
he achieved complete donor chimerism without GVHD and is 
transfusion-independent for more than a year after transplan-
tation.

Without conditioning, the graft failure rate in syngeneic 
transplants for aplastic anemia is 64% [20]. The risk of graft 
failure with syngeneic donors also increases with the use of 
BM stem cells and the lack of post-transplant immunosuppres-
sion [20]. Data on the optimal conditioning for syngeneic HCT 
in aplastic anemia are limited. In our study, uniform PTCY-
based conditioning with FLU-CY-ATG-TBI 4 Gy enabled sus-
tained engraftment and no graft failure in the SAA patient who 
received a syngeneic peripheral blood stem-cell transplant.

Given the rarity of aplastic anemia, there are no rand-
omized prospective studies comparing conditioning regimens 
for transplant. Our study is limited by its retrospective nature 
and small sample size. Even though the OS, DFS, and GRFS 
showed a trend in favor of the PTCY cohort, there was no sta-
tistically significant difference in these outcomes at 12 months 
after transplant for the PTCY and CNI-MTX cohorts, perhaps 
due to the limited sample size. Confounding variables, includ-
ing graft source, age, conditioning regimens, and donor type, 
were analyzed. There was no significant impact of the covari-
ates of graft source, age, gender, conditioning regimens, donor 
type, or chimerism on the OS, DFS, and GRFS time distribu-
tions in the two cohorts. Despite these limitations, transplant 
outcomes with uniform conditioning and PTCY-based GVHD 
prophylaxis across various donor sources (MRD, MUD, syn-
geneic, haploidentical) were encouraging and comparable to 
CNI-MTX GVHD prophylaxis in aplastic anemia.

The Blood and Marrow Transplant Clinical Trials Net-
work (BMT CTN) 1203 study compared three GVHD proph-
ylaxis regimens in patients with hematologic malignancies 
undergoing MRD, 8/8 MUD, or 7/8 MUD allogeneic pe-
ripheral blood stem-cell transplantation [21]. The GVHD 
regimens were PTCY-tacrolimus-mycophenolate mofetil, 
bortezomib-tacrolimus-methotrexate, and maraviroc-tac-
rolimus-methotrexate. Each GVHD prophylaxis regimen 
was compared with a nonrandomized control group receiv-
ing standard tacrolimus-methotrexate GVHD prophylaxis. 
The PTCY cohort demonstrated superior GRFS and was the 
only regimen to outperform the nonrandomized tacrolimus-
methotrexate control group [21]. BMT CTN 1703 confirmed 
these results in a phase III, randomized, prospective study 
in patients with hematologic malignancies receiving MRD, 
8/8 MUD, or 7/8 MUD allogeneic peripheral blood stem-cell 
transplantation [22]. This study compared PTCY-tacrolimus-
mycophenolate mofetil to tacrolimus-methotrexate GVHD 
prophylaxis [22]. The 2-year GRFS with PTCY-tacrolimus-
mycophenolate mofetil was significantly better (42.4% vs. 
28.8%, P = 0.001). However, there was no difference in OS, 

DFS, or TRM between the two cohorts [22].
In non-malignant hematologic disorders, we await the 

results from the CUREAA prospective study of PTCY-based 
GVHD prophylaxis. These results could confirm the promis-
ing findings from retrospective studies and may be practice-
changing [23, 24]. CUREAA is a phase II single-arm study in 
adults older than 25 years with newly diagnosed SAA without 
matched related donors. The primary endpoint of the study is 
GRFS of upfront haploidentical, 8/8 MUD, or 7/8 MUD BM 
transplant using FLU-CY-ATG-TBI 4 Gy uniform condition-
ing with PTCY-tacrolimus-mycophenolate mofetil GVHD 
prophylaxis.

In conclusion, allogeneic stem-cell transplantation with 
uniform conditioning of fludarabine-cyclophosphamide-ATG-
TBI 4 Gy and PTCY GVHD prophylaxis is effective for adults 
with SAA or DBA across multiple donor types (matched-relat-
ed, syngeneic, matched-unrelated, haploidentical) and should 
be compared with historical regimens using CNI-MTX GVHD 
prophylaxis.
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