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ABSTRACT

Severe aplastic anemia (SAA) is a potentially fatal disease in the absence of adequate treat-
ment. Allogeneic hematopoietic stem cell transplantation (HSCT) is considered as first-line
treatment for patients up to 40 years with an HLA-identical related donor and those up to 18
years with an HLA-identical unrelated donor. HSCT with an HLA identical donor, related or
unrelated, should also be considered for patients who were refractory to first-line immuno-
suppression. Salvage haploidentical HSCT may be considered for younger patients without
an HLA-identical donor. Recently a consensus document was established on behalf of the
Brazilian Society of Bone Marrow Transplantation (SBTMO) to discuss HSCT in the setting of
SAA. Recommendations from this expert panel are presented in this report.
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INTRODUCTION

Aplastic anemia (AA) is characterized by bone mar-
row failure associated with bone marrow hypopla-
sia/aplasia. AA can be hereditary or acquired, an
important distinction, given that hereditary presen-
tations do not respond to immunosuppression [1].
Most cases are acquired and without an etiologic
trigger, in which an autoimmune pathophysiology
is inferred [2]. Acquired AA is a rare disease with an
incidence of 2 to 3 cases per million and with two
incidence peaks, the highest around 20-30 years and
the second after 60 years [3]. AA is defined as severe
(SAA) when bone marrow biopsy has a cellularity
<30% associated with at least two hematological cri-
teria of severity: neutrophil count <500/uL, platelets
<20,000/uL, and reticulocyte count <60,000/uL [4].
SAA is a potentially fatal disease in the absence of
adequate treatment, with death related to infections
or severe bleeding in most cases.

FIRST-LINE TREATMENT OF ACQUIRED SAA

First-line treatment of acquired SAA depends on
the patient’s age, the availability of an HLA-identi-

cal donor, and the absence of contraindications for
hematopoietic stem cell transplantation (HSCT) [5].
Patients up to 40 years with an HLA-identical related
donor and those up to 18 years with an HLA-identical
unrelated donor should undergo HSCT as their first-
line treatment (level of evidence 2C) [5]. If a matched
unrelated donor HSCT cannot be performed in less
than 2 months, immunosuppression should be ap-
plied. Those not eligible for upfront transplant due
to age or lack of a histocompatible donor should re-
ceive treatment with horse antithymocyte globulin
(ATG), cyclosporine (CSA), and eltrombopag (level
of evidence 1B) [5]. The combination of these three
drugs results in an overall hematological response
rate of 94%, surpassing the historical results of 61%
obtained after the combination of horse ATG and
CSA [5,6]. Due to the unavailability of horse ATG in
Brazil, rabbit ATG is used for first-line treatment in as-
sociation with CSA, despite the lower response rate
observed with this ATG preparation in comparison
with horse ATG [7,8]. The results of the combination
of rabbit ATG, CSA, and eltrombopag for the first-line
treatment of acquired SAA are still unknown.
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SECOND-LINE TREATMENT OF ACQUIRED SAA

Patients who do not respond to first-line immuno-
suppressive treatment must undergo bone marrow
reassessment to exclude clonal evolution. Eligibility
for HSCT should be reevaluated and considered as
salvage for those eligible. An HLA identical donor,
related or unrelated, should be preferred. In young-
er patients without a histocompatible related or
unrelated donor, a haploidentical HSCT may be con-
sidered (level of evidence 2C) [5]. Patients without a
donor or with a contraindication to HSCT should un-
dergo a second-line drug treatment.

HLA-IDENTICAL RELATED ALLOGENEIC
TRANSPLANT FOR ACQUIRED SAA

Related HSCT is the first-line treatment in ac-
quired SAA for patients up to 40 years who have an
HLA-identical related donor (level of evidence 2C) [5].
An EBMT registry study did not demonstrate an im-
provement in 5-year overall survival (OS) in patients
over 40 years transplanted in different periods: 61%
from 2001 to 2009 versus 58% from 2010 to 2018
(P=0.7), despite the improvement in supportive
care recently [9]. In recent years, another study from
EBMT and CIBMTR with 499 patients with SAA older
than 50 years undergoing HSCT did not identify age
as an independent variable associated with death,
but found worse OS in patients with performance
status <90% [10].

When HSCT is indicated as a first-line treatment for
acquired SAA, it should be performed as soon as pos-
sible. The delay in performing HSCT is independently
associated with the risk of death after the procedure
[11,12]. Thus, any patient with newly diagnosed SAA
who is a candidate for HSCT should be subjected to
HLA typing together with all of his/her siblings. Im-
munosuppressive treatment should be discouraged
in the weeks when results of HLA typing is pending.

The source of HSC for HSCT in SAA should always
be bone marrow (level of evidence 2C). An EBMT
registry study with 1886 patients with SAA who
underwent HLA-identical related HSCT observed
an OS advantage for patients who received bone
marrow compared to peripheral blood in all age
groups: 1-19 years (90% versus 76%, P<0.00001),
over 20 years (74% versus 64%, P=0.001), and over
50 years (69% versus 39%, P=0.01). The incidence
of graft-versus-host disease (GVHD) was higher
in the group that received peripheral blood as
a source of HSC: 17% versus 11% (P=0.001) and
22% versus 11% (P=0.0004) for acute and chron-

ic GVHD, respectively [11]. Another EBMT registry
study demonstrated that the use of peripheral
blood HSC is the independent variable that most
increases the risk of death after HSCT: hazard ratio
(HR) of 1.66, P<0.001 [12].

Rabbit ATG should always be used in the condition-
ing regime for related HSCT (level of evidence 2C)
[13,14]. ACIBMTR registry study demonstrated a pro-
tective effect of rabbit ATG against acute and chronic
GVHD in related HSCT: 17% versus 6% (P<0.001) and
20% versus 9% (P<0.001), respectively [14]. In unrelat-
ed HSCT, rabbit ATG protected against acute GVHD
(42% versus 23%, P<0.001) and was independently
associated with better OS (83% versus 75%, P= 0.02)
[14]. EBMT registry studies also showed that the use
of rabbit ATG is an independent variable associated
with better OS after HSCT [11,12].

The conditioning regime in SAA must be non-my-
eloablative due to the absence of malignant cells,
therefore preserving fertility in young patients and
reducing the long-term sequelae after HSCT (level of
evidence 2C). One of the conditioning regimens used
for this purpose is the combination of high-dose cy-
clophosphamide (CY) (200 mg/kg) with rabbit ATG.
A series of 61 consecutive transplants conditioned
with CY 200 mg/kg associated with rabbit ATG 2.5
mg/kg for 5 days (Thymoglobulin©) demonstrat-
ed an incidence of acute GVHD grades II-IV of 23%,
chronic GVHD of 32%, primary rejection in only two
patients, and an 6-year OS of 87% [15]. One of the
main limitations of this conditioning regimen is a
higher mortality rate in patients over 20 years, HR of
2.0 and P<0.00001 in multivariate analysis [11]. Try-
ing to circumvent this problem, the EBMT conduct-
ed a study in which patients with SAA older than
30 years were conditioned with fludarabine (Flu) 30
mg/m?/day for four days, CY 300 mg/m?/day for four
days, and rabbit ATG 3.75 mg/kg/day for four days
(Thymoglobulin®) and compared with a historical
control of patients conditioned with CY 200 mg/kg
and rabbit ATG [16]. A lower graft rejection rate (0%
versus 11%, P=0.09) and a better OS were observed
in the group that received Flu (HR 0.44, P=0.04) [16].
A recent CIBMTR study analyzed 955 patients with
SAA who underwent related HSCT between 2000
and 2014 [17]. The 5-year OS after conditioning with
Flu/CY/ATG, CT/ATG, CY = Flu, and busulfan (Bu)/CY
were 91%, 91%, 80%, and 84%; P=0.001 [17]. Condi-
tioning with Bu/CY was associated with a higher risk
of death, HR of 2.44, P=0.03 [17]. Thus, the recom-
mended condition regimens for HLA related HSCT
are (evidence level 2C):
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CY 200 mg/kg + rabbit ATG 5 - 7.5 mg/kg;

Flu 120mg/m? + CY 120 mg/kg + Rabbit ATG 5 - 7.5
mg/kg. Recommended for patients over 30 years,
polytransfused, or with comorbidities;

regimens containing Bu should only be used in spe-
cial situations.

The ideal immunosuppression regimen after
HLA-identical related HSCT in SAA consists in com-
bination of a calcineurin inhibitor (tacrolimus or cy-
closporine A) with methotrexate (level of evidence
1B) [18,19]. The calcineurin inhibitor must be started
on day -1 and must be maintained for at least one
year after HSCT with a slow withdrawal afterwards.
Methotrexate should be used on the short-course
regimen (15 mg/m? on day +1 and 10 mg/m? on day
+3, day +6, and day +11).

UNRELATED ALLOGENEIC TRANSPLANTATION
FOR ACQUIRED AAS

All patients up to 60 years without an HLA-identical
related donor must be registered for unrelated do-
nor search. Second-line unrelated HSCT should be
considered in younger patients, less than 40 years,
and refractory to first-line immunosuppressive treat-
ment (level of evidence 2C) [20]. Salvage unrelated
HSCT may be considered in those aged between 40
and 60 years, with a good performance status, in the
absence of significant comorbidities, and with the
availability of a 10:10 compatible donor in high-res-
olution HLA typing.

A study conducted in Europe compared the out-
comes of unrelated HSCT in the upfront setting with
a historical control of related HSCT, and immuno-
suppression in children with SAA [21]. There was no
difference in OS between the three groups, but the
event-free survival was higher in patients undergo-
ing related (87%) and unrelated (92%) HSCT com-
pared to those treated with immunosuppression
(40%). Thus, patients up to 18 years without an iden-
tical HLA-related donor can be submitted to upfront
unrelated HSCT as long as the donor search and the
procedures for carrying it out does not take more
than 2 months given the risks of persistent severe
pancytopenia (level evidence 3B) [21,22].

The ideal unrelated donor must be identical in HLA
high-resolution typing for locus: HLA-A, -B, -C, -DRBT,
and -DQB1 (compatibility 10:10) (evidence level 2C).
Unrelated HSCT with donors with one or more allelic
incompatibility have an increased risk of primary graft
failure, post-HSCT complications, and mortality [23].

As recommended for related HSCT, bone marrow is
the preferred source of HSC for unrelated HSCT (lev-
el of evidence 2C) [12]. Peripheral blood HSC may be
used only when bone marrow collection is not feasi-
ble [24,25].

The recommended conditioning regimens for unre-
lated HSCT are (evidence level 2C):

Flu 120mg/m? + CY 120 mg/kg + rabbit ATG 5 - 7.5
mg/kg + TBI 200 cGy. The addition of TBI at a dose of
200 cGy reduces the incidence of primary failure, es-
pecially in adult and/or polytransfused patients [26].

Similarly to HLA-identical related HSCT, the ideal
post-HSCT immunosuppression regimen consists in
the association of a calcineurin inhibitor with short-
course methotrexate (level of evidence 1B). The calci-
neurin inhibitor should be started on day -1, being
maintained for at least during the first year after
HSCT and with slow tapper afterwards. Methotrex-
ate should be used on the short-course schedule (15
mg/m? on day +1 and 10 mg/m? on day +3, day +6,
and day +11).

The haploidentical HSCT platform with post-CY can
be a conditioning option for unrelated HSCT, espe-
cially in the presence of HLA incompatibility (level of
evidence 4) [271].

HAPLOIDENTICAL TRANSPLANTATION FOR
ACQUIRED AAS

Haploidentical HSCT should be considered as a res-
cue treatment for patients who are younger (< 40
years) and fail immunosuppressive treatment and
who do not have an identical HLA donor (related or
unrelated) (level of evidence 4) [28].

The choice between an unrelated donor with an
HLA incompatibility or a haploidentical related do-
nor must be made individually. The main issues that
must be evaluated in making this decision are: the
urgency of the transplant, neutrophil count, age of
the recipient, the donor’s characteristics (age, gen-
der, and ABO/CMV agreement), and the presence of
donor-specific antibodies against HLA (DSA).

The donor and recipient should be identical on at
least one allele in high resolution typing for locus:
HLA-A, -B, -C, and -DRB1, and the best donor is the
one with fewer incompatibilities. In the case of more
than one donor with the same degree of compatibil-
ity, the selection of the most suitable donor should
prioritize: the absence of incompatibility in the host-
versus-graft direction, ABO isogroup, serostatus for
CMV, younger donors, donor weight, and gender
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[29,30]. The search of DSA is mandatory and the
presence of a high titer of DSA practically excludes
this donor, due to the risk of rejection. In cases where
there is no possibility of selecting another donor, de-
sensitization protocols can be performed [31].

Based on national experience, the recommended
conditioning regimen for haploidentical HSCT con-
sists in the association of (evidence level 4):

Flu 150 mg/m” + CY 29 mg/kg + TBI 400 cGy single
dose [32]. The use of increased doses of TBI was as-
sociated with a reduction in the primary graft rejec-
tion rate, 27% versus 7% (P=0.02) and a higher 2-year
event-free survival, 88% versus 60 % (P=0.01). The
role of rabbit ATG in conditioning for haploidentical
HSCT remains controversial and can be considered
mainly for patients with less exposure to priorimmu-
nosuppression [30,32].

The source of HSC must be the bone marrow (lev-
el of evidence 4) [30,33,34]. The use of peripheral
blood as a HSC source after stimulation with G-CSF
is only recommended when bone marrow collec-
tion is not possible. GVHD prophylaxis consists on
the association of CY 50 mg/kg/day on days +3 and
+4, mycophenolate mofetil from day +5 to +35, and
calcineurin inhibitor from day +5 to +365 with slow
withdrawal after this period (level of evidence 4)
[30,33,34].

Although promising, haploidentical transplanta-
tion is still not recommended in the upfront treat-
ment of AAS until the results of prospective studies
(NCT02833805).
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