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Abstract
We report a single-center experience of allogeneic hematopoietic stem cell transplant for patients with severe
aplastic anemia over 13 years of age. Fifty-eight patients were included, and in vivo T-cell depletion was used in all
cases. Fifty-one（88%）received alemtuzumab and 7（12%）were given rabbit anti-thymocyte globulin. The median
follow-up period was 6 years（range： 0-13.5）
. Data was collected retrospectively and updated in April 2019. The
median age was 31 years（range： 18-67）
. Forty（69%）recipients received grafts from related donors and 18（31%）
received them from unrelated donors. Peripheral blood grafts were infused in 12（20.7%）patients. Five-year
overall survival（OS）was 80.7%. Five-year graft-versus-host disease（GVHD）
／rejection-free survival was 56%. Eight
（13.8%）patients experienced graft failure. The cumulative incidence of grade Ⅱ-Ⅳ acute GVHD at day 100 was
14% and that of chronic GVHD at 1 year was 7%. The selection of unrelated donors and the use of peripheral
blood grafts were not significant risk factors for clinically relevant GVHD or for lower OS. Recipients older than 40
years showed significantly worse OS, as observed from the results of univariate analysis. T-cell depletion in severe
aplastic anemia shows low rates of GVHD and high OS, but older patients remain a group with higher risk of mortality. Long-term complications were mainly autoimmune in character.
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Introduction
One therapeutic option for patients with severe aplastic
anemia（SAA）is allogeneic hematopoietic stem cell
transplantation（alloHSCT）
, either upfront or after failure, to respond to immunosuppressive therapy（IST）1.
The choice of the timing for alloHSCT depends on the
recipientʼs age, comorbidities, and the availability of a
matched related donor1,2 There is no strict upper age limit
for alloHSCT. However, decisions are taken on an individual basis, as the outcome of patients over 40 years is
inferior compared with that of younger patients with
48

SAA3-8.
The goal of alloHSCT in SAA is to achieve sustained
engraftment with minimal transplant-related toxicities
and graft-versus-host disease（GVHD）
. There is significant variation between centers, according to the choice of
conditioning regimens8-11. The most frequent preparative
regimen is cyclophosphamide（Cy）
, alone or in combination with anti-thymocyte globulin
（ATG）
or alemtuzumab.
For GVHD prophylaxis, methotrexate（MTX）is frequently combined with cyclosporine（CsA）12-19 . The
increased use of T-cell depletion as part of the conditioning regimen has contributed to the reduction of clinically
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relevant GVHD. However, despite the refinement of
GVHD prophylaxis, around 15-25% of patients still
develop GVHD, resulting in impairment of quality of life,
morbidity, and mortality20-23.
Here, we report the outcomes and experiences of using
in vivo T-cell depletion as part of the conditioning regimen
for SAA, in a single, large center. This study includes 41
patients with SAA previously reported, with an updated,
long-term follow-up14.

Patients and Methods
Patient Selection
Between January 2005 and April 2019, 58 consecutive
adult patients with SAA underwent alloHSCT at the Princess Margaret Cancer Center, Ontario. Data was collected
through retrospective chart review. The last follow-up
was in April 2019.
According to international guidelines for management
of SAA1-4 , upfront alloHSCT is indicated for patients
younger than 40 years who have a 10⊘10 matched sibling
donor
（MSD）
. For older recipients or those without a 10⊘
10 MSD available, alloHSCT using a 10⊘10 matched,
unrelated donor（MUD）, or an alternative donor such as
a 9⊘10 MUD may be considered, after failure to respond
to or relapse after ATG-containing immunosuppressive
therapy（IST）. This study was conducted in accordance
with the Declaration of Helsinki, and reviewed and
approved by the Health Network-Research Ethics Board
and Cancer Registry Data Access Committee of the University of Toronto.
Donor Selection and Graft Source
Forty patients（69%）received grafts from a 10⊘10
MSD. Seventeen patients（29%）received 10⊘10 MUD
grafts, and a 9⊘10 matched-unrelated donor was used for
a single case（2%）. No haploidentical donors were
selected during this period of time. A bone marrow（BM）
source was the preferred option, upfront. However,
peripheral blood grafts were accepted, according to each
donorʼs choice.
Conditioning Regimen, Post-transplant Follow-up,
and Supportive Care
Between January 2005 and December 2015, 8 patients
（14%）received high-dose Cy（50 mg⊘kg Ⅳ daily from
day －5 to －2）and alemtuzumab（Cam）50 mg（10
mg, 20 mg and 20 mg daily on days －8, －7, and －6,
respectively）
（Cy-Cam）. Forty recipients（69%）received
fludarabine（Flu）
（30 mg⊘m2 Ⅳ daily from day －5
to －2）, low-dose Cy（10 mg⊘kg Ⅳ daily from day －5
to －2）
and Cam 60 mg
（30 mg daily on days －7 and －6）
（Flu-Cy-Cam）. Busulfan（Bu）replaced Cy in the FluCy-Cam regimen in 3 patients（5%）. Low dose total body
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irradiation（TBI）
（200 cGy）was given on day －1 to 18
patients（31%）who received MUD grafts.
From January 2016, alemtuzumab was replaced by
rabbit-ATG（Thymoglobulin; Genzyme-Sanofi, Lyon,
France）in combination with Flu and Cy as part of the
standard conditioning platform in SAA（Flu-Cy-ATG）
.
This strategy continues to be the standard regimen for
these patients at the Princess Margaret Cancer Center.
ATG is administered in doses of 0.5 mg⊘kg on day －3, 2
mg⊘kg on day －2, and 2 mg⊘kg on day －1（total dose
4.5 mg⊘kg）
. Six patients（10%）received this conditioning regimen. Bu replaced Cy in the Flu-Cy-ATG regimen
in a single case（2%）
.
In all cases, T-cell-replete grafts were infused on day 0.
All patients received granulocyte-colony stimulating factor（G-CSF）300 mcg subcutaneously, daily from day ＋7
until the neutrophil count was＞1.5×109⊘L. Prophylactic antimicrobial therapy included posaconazole 300 mg
daily, acyclovir 400 mg twice daily, ciprofloxacin 500 mg
twice daily, and inhaled pentamidine 300 mg monthly
which was replaced by oral trimethoprim-sulfamethoxazole（one double-strength tablet three times a week）
,
when blood counts were stable. Post engraftment, cytomegalovirus（CMV）titer was monitored twice per week
and Epstein-Barr virus（EBV）weekly.
Graft versus host disease prophylaxis
From 2005 to December 2015, 38 recipients（66%）
received alemtuzumab, CsA and MTX for GVHD prophylaxis. CsA was started at a dose of 2.5 mg⊘kg⊘day
Ⅳ, every 12 hours, from day －1, and adjusted to achieve
a therapeutic level between 200-400 mcg⊘L. MTX was
given at a dose of 15 mg⊘m2 Ⅳ on day ＋1 and 10 mg⊘
m2 on day ＋3 and ＋6. Eleven patients（19%）received
tacrolimus
（titrated to therapeutic levels of 10 to 20μg⊘L）
instead of CsA, due to a history of gum hypertrophy secondary to CsA（10 patients）or intolerance（1 patient）
.
Two recipients（3%）received mycophenolate mofetil
（MMF）
, primarily due to end-stage kidney disease at the
time of alloHSCT, and secondary to prior history of posterior reversible encephalopathy syndrome（PRES）
.
Between September 2013 and May 2018, 6 patients
（8%）received ATG, CsA and MTX for GVHD prophylaxis. PTCy（50 mg⊘kg Ⅳ on day ＋3 and ＋4）was
given, instead of MTX, to 1 patient（2%）
, who had a prior
diagnosis of Hodgkin lymphoma（HL）
, and was subsequently diagnosed with SAA. Although the HL was in
complete remission, and the alloHSCT was done secondary to the SAA, PTCy was given in combination with
ATG and CsA because it was the standard GVHD prophylaxis used for patients diagnosed with hematological
malignancies undergoing reduced intensity conditioning
（RIC）for alloHSCT at our center. In addition, this prophylaxis was selected according to the hypothesis that

50

Blood Cell Therapy-The official journal of APBMT- Vol. 3 Issue 3 No. 3 2020

PTCy would increase the cytotoxic effect of the reduced
intensity regimen. Immunosuppression tapering was initiated at 6 months after alloHSCT, in all cases, unless
mixed chimerism or active GVHD was present.
Disease monitoring
GVHD-Free⊘Rejection-free survival（GRFS）was
calculated in months from the date of alloHSCT to the
date of the event or last follow-up whichever came first.
Grades Ⅱ-Ⅳ acute GVHD, any grade of chronic GVHD,
graft failure, and death were recorded as events, as SAA
is a non-malignant disorder25,26. Long-term complications
were studied through retrospective chart review. They
were stratified between non-malignant complications and
secondary neoplasia. Complications, management and
outcome are detailed in Results Section. The definitions
of engraftment, graft failure, and overall survival are to be
found in the supplementary material.
Statistical Methods
Baseline characteristics were reported using descriptive statistics. OS and GRFS rates were calculated using
the Kaplan-Meier product-limit method and the impact of
variables was assessed using the Log-Rank Test. Other
outcome variables included in the study were non-relapse
mortality（NRM）
, which was estimated using the cumulative incidence method, considering graft failure as a
competing event. Cumulative incidence of GVHD was
calculated, considering death and graft failure as competing events. Univariate analysis using the Cox model with
Fine and Gray methods was performed to assess the
effect of potential risk factors for GVHD. Multivariate
analysis was not performed in this pilot study due to the
limited number of patients and low frequency of adverse
events. All p-values were 2-sided and, for the statistical
analyses, P＜0.05 was considered to indicate a statistically significant result. Statistical analysis was performed
using version 9.4 of the SAS system for Windows, Copyright© 2002-2012 SAS Institute, Inc., Cary, NC.

Results
Patient and Transplant Characteristics
Baseline characteristics are detailed in Table 1.
Median age at transplant was 31 years（range: 18-67）
; 21
（36.2%）recipients were aged over 40 years. The median
follow-up of the entire cohort was 6 years（range:
0-13.5）. Forty（69%）recipients received grafts from a
MSD, 17（29.3%）from a 10⊘10 MUD, and 1（1.7%）
case received a graft from a 9⊘10 MUD. Among the 40
patients who received MSD grafts, 19（47.5%）had
received prior IST. In addition, among the 18 patients
who underwent alloHSCT using unrelated donors, 17
（94.5%）had received prior IST. The differences between

these proportions were statistically significant（P＝
0.007）
. The source of stem cells was bone marrow（BM）
in 46（79.3%）cases. Alemtuzumab was used as part of
the conditioning regimen in 51（87.9%）recipients and
ATG in 7（12.1%）patients.
Hematopoietic Recovery and Graft Failure
The median time to neutrophil and platelet engraftment was 18 days（range: 10-100 days）and 17 days
（range: 4-100 days）
, respectively. Among patients who
received alemtuzumab, the median time to neutrophil and
platelet engraftment was, respectively, 18 days（range:
10-47 days）and 17 days（range: 4-88 days）
. The median
time to engraftment for those recipients who received
ATG was, respectively, 15 days（range: 13-24 days）and
23 days（range: 13-44 days）
. The median time to platelet
engraftment was shorter in the cohort of patients who
received ATG; these differences were statistically significant（P＝0.01）
. In addition, the times of neutrophil and
platelet engraftment were analyzed according to the time
of infusion of bone marrow or PBSC grafts. The median
time to platelet and neutrophil engraftment was 17.7 and
16 days, respectively, in patients receiving bone marrow
grafts, and 15.3 and 14 days, respectively, for patients
receiving PBSC grafts. The median time to platelet
engraftment was significantly shorter for patients who
received BM grafts（P＝0.04）
.
Graft failure（GF）was diagnosed in 8（13.8%）patients:
3 primary and 5 secondary. All of them had experienced a
failure of IST before alloHSCT. One case was successfully treated with CsA, and 5（62.5%）of the 8 recipients
received a second alloHSCT. The other two patients were
only eligible for supportive care. Three（37.5%）out of 8
recipients died, secondary to GF. The relationship
between GF and relevant baseline characteristics was
explored and is summarized in Table 2. The proportion of
patients with GF was higher in those who received prior
IST（22.2% vs 0%）
. These differences were statistically
significant（P＝0.019）
. In addition, the proportion of
patients with GF was comparable for groups of patients
older or younger than 40 years, patients with a disease
history longer than 6 monthsʼ vs shorter than 6 months,
donor type（MSD vs MUD）
, graft source（bone marrow
vs peripheral blood）and Karnofsky performance status
（KPS）
（90-100% KPS vs 70-80% KPS）
.
Graft versus Host Disease
The cumulative incidence of GVHD is summarized in
the Table 2. Overall, the cumulative incidence of grade
Ⅱ-Ⅳ acute GVHD（aGVHD）at day 100 was 13.7%
（95% confidence interval（CI）
: 4.2-23.1）
. For patients
who received alemtuzumab it was 13.2%（95% CI: 3.423.1）
, and for those who received ATG it was 14.3%
（95% CI: 0-40.2）
. All recipients responded to immuno-
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Table 1．Baseline Characteristics
Overall 58 patients
n（%）
Median age at alloHSCT（range）, years
＞40

31（18-67）
21（36.2）

Gender
Male
Female

28（48.3）
30（51.7）

Paroxysmal nocturnal hematuria clone
Positive

9（15.5）

Cytogenetics
Normal
t（12：17）
Failed／unavailable

45（77.6）
1（1.7）
12（20.7）

Prior immunosuppressive therapy
Yes

36（62）

Time from diagnosis to alloHSCT
＞6 months

32（55.2）

Donor type
Matched sibling donor
Matched unrelated donor
10／10
9／10

40（69）
18（31）
17
1

Median age of donor（range）, years
＞50

30.5（15-67）
10（17.2）

ABO mismatched
Major
Minor
None

12（20.7）
9（15.5）
37（63.8）

Recipient／Donor cytomegalovirus status
Negative／Negative
Others

19（32.8）
39（67.2）

Graft source
Bone marrow
Peripheral blood stem cells

46（79.3）
12（20.7）

Alemtuzumab vs ATG
Alemtuzumab as part of the conditioning regimen
ATG as part of the conditioning regimen

51（87.9）
7（12.1）

Conditioning regimen
Cy-Cam
Flu-Cy-Cam
Flu-Bu-Cam
Flu-Cy-ATG
Flu-Bu-ATG

8（13.8）
40（69）
3（5.2）
6（10.3）
1（1.7）

Graft versus host disease prophylaxis
Cam-CsA
Cam-Tacrolimus
Cam-MMF-PDN
ATG-CsA-MTX
ATG-PTCy-CsA

38（65.6）
11（19）
2（3.4）
6（10.3）
1（1.7）

HCT-CI
≥3
Karnofsky performance status
90-100%
70-80%

3（5.2）
43（74.1）
15（25.9）

alloHSCT, allogeneic hematopoietic stem cell transplantation； Cy, cyclophosphamide； Flu, fludarabine； Cam, alemtuzumab； ATG, rabbit anti-thymoglobulin； CsA,
cyclosporine； MMF, mycophenolate； MTX, methotrexate； PTCy, post-transplant
cyclophosphamide； HCT-CI, hematopoietic cell transplantation-comorbidity index.
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Table 2．Correlation Between Proportion of Graft Failure and
Relevant Baseline Characteristics
Proportion of
Graft failure（%）
（Yes／No）
Age at alloHSCT
≤40 years
＞40 years

Time from diagnosis to alloHSCT
≤6 months
＞6 months

10.8／89.2
19.05／80.95
3.85／96.15
21.9／78.1

Prior IST
No
Yes

0／100
22.2／77.8

Donor type
Matched related donor
Matched unrelated donor

16.7／83.3
12.5／87.5

Graft source
Bone marrow
Peripheral blood

15.2／84.8
8.3／91.7

Karnofsky performance status
90-100%
70-80%

11.6／88.4
20／80

Age at alloHSCT
≤40 years
＞40 years

10.8／89.2
19.05／80.95

p-value
0.4428

0.0511

0.0192

0.6936

1.0000

0.4139

0.4428

suppressive therapy. Age at transplant（≤40 years; P＝
0.466）, the use of ATG（P＝0.800）, donor type（P＝
0.569）
, and source of graft（P＝0.482）were not significant risk factors to present clinically relevant
（grade Ⅱ-Ⅳ）
aGVHD.
The cumulative incidence of any grade of chronic
GVHD
（cGVHD）
at 1 year was 6.9%
（95% CI: 0-15.2%）
.
The cumulative incidence of cGVHD at 1 year for
patients who received alemtuzumab was 7.8%（95% CI:
0-17%）and for those who received ATG was 0%. All
patients responded to immunosuppressive treatment.
There was significantly lower risk of developing cGVHD
in recipients younger than 40 years（P＜0.0001）
and those
who received ATG（P＜0.0001）
. Neither the selection of
MUD grafts（P＝0.096）nor the infusion of PBSC grafts
（P＝0.849）were significant risk factors for cGVHD.
Infections
The main information is summarized in the Table 3.
Twenty-three（39.6%）patients had cytomegalovirus
（CMV）reactivation, with a median time to reactivation
of 34 days（range 21-1023 days）
. Any result above 200
copies of CMV DNA per milliliter of plasma was considered to be a CMV reactivation and pre-emptive treatment
with oral valgancyclovir was initiated until clearance of
viremia. No patient had CMV disease. Epstein-Barr virus
（EBV）reactivation was seen in 13（22.4%）patients,
with a median time to reactivation of 6.5 months（range:

0-30 days）
. Any result over＞600 copies of EBV DNA
per milliliter of plasma was considered an EBV reactivation. Pre-emptive treatment with rituximab was not given
to any patient. Five（8.6%）patients were diagnosed with
post-transplant lymphoproliferative disorder（PTLD）
.
One case was treated with R-CHOP immuno-chemotherapy and 4 recipients received four doses of rituximab.
One patient died because of PTLD. Six
（10.3%）
recipients
had BK cystitis, 16（27.5%）were diagnosed with other
viral infections and four（6.8%）with a fungal infection.
Outcome information
With a median follow-up of 6 years, 11（18.9%）
patients died. Causes of death were as follows: 3 GF, 3
septic shock, 1 PTLD, 1 veno-occlusive syndrome, 2
severe organ failure（1 liver failure and 1 heart failure）
,
and 1 case undocumented.
The main outcome information is summarized in the
Table 3 and in Figures 1 and 2. One- and five-year OS
were, respectively, 84.5%（95% CI: 72.3-91.6）and 80.6%
（95% CI: 67.7-89.9）
. The significant factors for better
OS were: age≤40 years（P＝0.036）
, female（P＝0.016）
,
lack of prior IST（P＝0.036）
, and better performance
status prior transplantation（KPS＞80%）
（P＝0.014）
.
Table 4 summarizes the results from the univariate analysis of risk factors for OS.
One- and five-year GRFS（calculated to include grade
Ⅱ-Ⅳ acute GVHD, any grade of chronic GVHD, graft
failure, and death, as events）were, respectively, 65.5%
（95% CI: 51.8-76.2）and 56.2%（95% CI: 42.3-68）
. Oneand five-year GRFS（calculated to include, using the
standard definition, grade Ⅲ-Ⅳ acute GVHD, moderate
and severe chronic GVHD, graft failure, and death, as
events）was 82.7%（95% CI: 70.2-90.3）and 74.9%（9%
CI: 61.3-84.4）
.
Long Term Complications
Among the 47 survivors, eight（17%）recipients developed hypothyroidism and are currently on hormone
replacement. One（2.1%）patient developed Graves
hyperthyroidism almost 4 years after alloHSCT. One
patient had severe autoimmune hemolytic anemia and
required a splenectomy. Three（6.3%）recipients developed hemolytic anemia secondary to ABO mismatch.
One of these patients was diagnosed with pure red cell
aplasia and required up to 6 lines of treatment to control
this complication. One patient developed Guillain-Barre
syndrome at 9 months after alloHCT and was treated with
intravenous immunoglobulins, with good response, and
one patient developed＂acquired factor Ⅷ inhibitor＂
, 13
months post transplantation. One long-term survivor was
diagnosed with a smoldering myeloma. This patient had
been previously treated with immunosuppressive medication. There were no other cases of malignancy.
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Table 3．Main Post-Transplant and Outcome Information
Main information

n（%）

Graft failure
Primary
Secondary

8（13.8）
3（5.2）
5（8.6）

Infectious Complications
CMV reactivation
EBV reactivation
Post-transplant lymphoproliferative disorder
BK hemorrhagic cystitis
Other viral infections
HSV oral infection
Influenza B respiratory tract infection
VZV skin reactivation
Fungal infection
Probable aspergillus pneumonia
Candida parapsilosis blood infection

23（39.6）
13（22.4）
5（8.6）
6（10.3）
11（18.9）
2（3.4）
3（5.2）
3（5.2）
1（1.7）

Acute GVHD（Any）
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ
Grade Ⅳ

15（25.8）
6（10.3）
8（13.8）
1（1.7）
0

Chronic GVHD（Any）
Mild
Moderate
Severe

8（13.7）
2（3.4）
6（10.3）
0
%（95% CI）

Cumulative incidence of grade Ⅱ-Ⅳ aGVHD
At day＋100

13.7（4.2-23.1）

Cumulative incidence of chronic GVHD
At 1 year

6.9（0-15.2）

Non-Relapse（graft failure）Mortality
At 1 year
At 5 years

10.3（1.3-19.4）
12.4（2.5-22.3）

Overall Survival
At 1 year
At 5 years

84.5（72.3-91.6）
80.6（67.7-89.9）

GRFS（grade Ⅱ-Ⅳ acGVHD and any cGVHD and graft failure）
At 1 year
At 5 years

65.5（51.8-76.2）
56.2（42.3-68）

Standard GRFS（grade Ⅲ-Ⅳ aGVHD, significant cGVHD and graft failure）
At 1 year
82.7（70.2-90.3）
At 5 years
74.9（61.3-84.4）
GVHD, graft-versus-host disease； CMV, cytomegalovirus； EBV, Epstein-Barr virus； HSV, herpes
simplex virus； VZV, varicella-zoster virus； CI, confidence interval； GRFS, graft-versus-host disease／graft rejection free survival.

Discussion
AlloHSCT upfront, or after failing IST, is used as a
curative strategy for patients with SAA. This study details
a single-center experience of alloHSCT for SAA, using in
vivo T-cell depletion as part of the conditioning regimen,
over a time span of 14 years, and reviews the long-term
complications.
The overall survival reported in the study is comparable with published data from other single and multicenter

studies with a larger number of patients21-23. Several publications support the addition of T-cell depletion as part of
the conditioning regimen in SAA, with the aim of reducing graft rejection as well as GVHD rates16-19. The selection of alemtuzumab or ATG depends mainly on center
preference13-19.
The term＂GRFS＂is used as a composite endpoint,
focused on survival without relapse and the absence of
clinically relevant GVHD, and is primarily used for
malignant disorders where there is a benefit from the
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Figure 1．Overall Survival and Graft-versus-Host Disease Free／Rejection-Free Survival
（A）Overall survival of all 58 patients,（B）proposed GVHD-free／rejection-free survival（GRFS）including grade Ⅱ-Ⅳ and any chronic GVHD
as events,（C）GRFS according to the standard definition.

Figure 2．Outcome information stratified according to relevant baseline characteristics
（A）Overall survival according to recipient’s age,（B）source of grafts,（C）donor type.

graft-versus leukemia（GVL）effect24. A novel definition
for GRFS, for aplastic anemia, was recently suggested to
use rejection-free survival instead of relapse-free survival,
maintaining the standard inclusions of grade Ⅲ-Ⅳ
cGVHD and clinically significant cGVHD25 . We proposed a modification of the original definition of GRFS
to include grade Ⅱ aGVHD and mild cGVHD in nonmalignant hematological disorders, as there is no benefit
from the GVL effect26. Using this definition, the GRFS at
5 years was 56% in our cohort of patients. However, if we
use the standard definition of GRFS, it was 74.9%. Using
the standard definition, we may overestimate the GRFS in
non-malignant hematological disorders, a surrogate
marker of quality of life.
Low rates of GVHD were documented in our study.
Those recipients who received the ATG-based conditioning regimen had a non-significant trend to lower aGVHD
and a significant lower rate of cGVHD. However, the
interpretation of these results is limited by the small sample size of the ATG-based cohort and the retrospective

design of the study. ATG preserves the expansion of regulatory T-cells, inducing tolerance and controlling alloreactive donor lymphocytes involved in GVHD 27,28 . In
addition, the use of ATG results in a faster achievement of
donor chimerism using RIC regimens or alternative donor
grafts29,30 . Regarding the potential benefit of ATG in
engraftment and GVHD control, the use of this drug in
SAA patients who undergo alloHSCT is supported by
recent publications31.
The use of bone marrow grafts did not have a significant impact on OS and GVHD rates. These results differ
from data reported from larger studies32,33. It is generally
accepted that BM is the preferred stem cell source in
SAA32,33 . The use of PBSC grafts reduces the time to
engraftment and rates of infection; however, it increases
the rate of GVHD34. Among 58 patients who underwent
transplant, 4 had an active infection at the time of admission. The presence of an active infection is not a contraindication for alloHSCT in patients with SAA, as the only
way to overcome the infection is by neutrophil recovery,
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Table 4．Univariate Analysis of Risk Factors for Overall Survival
Kaplan-Meier／Log-Rank
1 year OS
%（95% CI）
Age at alloHSCT
≤40 years

p-value

92（77-97）
71（47-86）

0.036

75（55-87）
93（76-98）

0.016

88（68-96）
81（63-91）

0.245

Prior IST
No
Yes

95（72-99）
78（60-88）

0.036

Donor type
Matched related donor
Matched unrelated donor

88（73-95）
78（51-91）

0.309

Graft source
Bone marrow
Peripheral blood

87（73-94）
75（41-91）

0.538

Karnofsky performance status
90-100%
70-80%

91（77-96）
67（38-85）

0.014

＞40 years

Gender
Male
Female
Time from diagnosis to alloHSCT
≤6 months
＞6 months

alloHSCT, allogeneic hematopoietic stem cell transplantation；
IST, immunosuppressive therapy； ATG, rabbit anti-thymoglobulin； OS, overall survival； CI, confidence interval.

which can be achieved by alloHSCT. In infected patients
who are critically ill, PBSC may offer earlier myeloid
recovery and faster control of infection. Moreover, a
donor may not be willing to donate bone marrow, which
makes PBSC the only alternative. With more potent T-cell
depletion, the adverse effects of PBSC may be partly
overcome. Considering recent improvements to the prophylactic approach to GVHD, with the use of ATG or
PTCy and the beneficial effects provided by PBSC grafts,
the use of this donor source can be considered to reduce
time to engraftment in selected patients with SAA and
active infections32-36.
Patients aged over 40 years had a higher mortality rate
in our study. Despite the improvement of conditioning
regimens, GVHD prophylaxis, and supportive care, there
remains a higher mortality rate in older recipients diagnosed with SAA3-7. In the setting of SAA, the correlation
between age and worse outcome could be related to the
fact that older patients are more likely to have had IST
before alloHSCT, a longer interval of time between diagnosis and transplant, or worse Karnofsky performance
status（KPS）37,38 . In our study, those patients who
received prior IST and who had a KPS of 70-80% had a
worse post-transplant outcome. Female patients had a
better outcome in our cohort. However, the percentage of
females prior-treated with IST was lower and the time
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between diagnosis and alloHSCT was less in this group,
than for the male group.
Our study did not find significant superiority in OS for
MSD alloHCT compared with MUD alloHCT, possibly
due to the limited sample size. The baseline characteristics between patients who received MRD and MUD
grafts were well balanced. These results are comparable
to studies conducted with a larger number of patients8,9.
Again, conclusions from our study are limited by the
sample size. However, the lack of significance between
MSD and MUD alloHSCT could be due to the refinement
of GVHD prophylaxis with the use of T-cell depletion,
with either alemtuzumab or ATG. According to international guidelines for management of SAA1-4 , patients
without a suitable MRD should receive prior immunosuppressive treatment. This increases the time from diagnosis to transplant, the number of transfusions, and infections in this group of patients8,9 . With the continuous
refinement of GVHD prophylaxis and a better understanding of the physiopathology of GVHD, the upfront
indication of alloHSCT, with the selection of MUD or an
alternative donor source, could be considered to decrease
other well-defined risk factors 21,23,39 . At present,
AlloHSCT is the only curative strategy for patients with
SAA23. In addition, it reduces the risk of clonal evolution
to hematological malignancies such as acute myeloid leukemia or myelodysplastic syndromes that occur in about
15% of patients treated with immunosuppressive therapy
alone40. The selection of haploidentical donors in SAA is
increasing, and early results have been encouraging in
both children and adults41-43. Prospective and retrospective studies are needed to compare outcomes between
alternative donor sources and matched donors in SAA.
Complications experienced by our patients were primarily immune related, and were seen in 29.6% of
patients. The only malignant complication was a smouldering myeloma. This is in contrast to complications seen
in transplants performed predominantly for hematological malignancies, where the cumulative incidence of
solid, subsequent neoplasms is around 15.2% at 25 years
after autologous or allogeneic HSCT44,45. In aplastic anemia, there is a paucity of literature on this aspect8,9. Our
study shows that autoimmune complications are predominant. As aplastic anemia is presumed to be an immunemediated disease and the conditioning is non-myeloablative, it may predispose patients to different immunemediated effects, although larger studies are required to
determine this.
The main limitations of the study are the heterogeneity
of the population included in the analysis, the retrospective design and the small sample size. No multivariate
analysis can be done to confirm results obtained in the
univariate model.
In conclusion, alloHSCT is a curative strategy for
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patients with SAA. With the refinement of conditioning
regimens, GVHD prophylaxis, and supportive care, the
indication of alloHSCT using matched, unrelated donors
or alternative donor sources could be considered upfront
in selected patients with SAA who do not have a suitable,
matched, related donor. Older patients remain a group
with higher mortality and more research is needed to
improve their outcomes. Long-term complications are
mainly autoimmune in nature.
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