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Successful treatment of severe refractory autoimmune hemolytic
anemia after hematopoietic stem cell transplant with abatacept
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BACKGROUND: After hematopoietic stem cell
transplantation (HSCT) autoimmune hemolytic anemia
(AIHA) is a known and fairly common complication. It
is often refractory to conventional therapies including
corticosteroids, intravenous immunoglobulin,
splenectomy, and the more recently described use of
monoclonal antibodies. The high morbidity associated
with these severe persistent cases elucidates the
gaps in alternative therapies available for treatment.
STUDY DESIGN AND METHODS: We described the
successful use of abatacept for severe refractory AIHA
after HSCT in three patients.
RESULTS: Three pediatric patients with refractory AIHA
after allogeneic stem cell transplantation were observed
to be unresponsive to multitude immunosuppressive
therapies, resulting in persistent transfusion dependency.
Treatment with abatacept, a fusion protein that inhibits T-
cell activation by binding to CD80/CD86 on antigen-
presenting cells (APCs), thus blocking the required CD28
interaction between APCs and T cells, resulted in the
resolution of hemolysis.
CONCLUSION: Abatacept may provide significant
clinical benefit in the management of AIHA after HSCT.

A
utoimmune hemolytic anemia (AIHA) is a recog-
nized complication of hematopoietic stem cell

transplantation (HSCT).1 The incidence of AIHA
after HSCT is between 4 and 6%.2–4 Unrelated

donor transplants and chronic graft-versus-host disease
(GVHD) have been implicated as risk factors, although the

etiology underlying this complication remains unclear.5 The
development of autoreactive lymphocytes in the context of

failed central and peripheral immune tolerance is thought
to play a role.6 Clinical outcomes are variable; however,

there is a risk for significant morbidity and mortality either

as a consequence of severe hemolysis or from infections
due to frequently utilized multiagent immunosuppression.1

While the optimal treatment regimen remains uncertain,
accepted or standard treatments include systemic cortico-

steroids, intravenous immunoglobulin (IVIG), splenectomy,
plasma exchange, rituximab, or cyclophosphamide.6–8 Bor-

tezomib, a proteasome inhibitor has recently been reported
as effective in treating AIHA after HSCT.9 However, AIHA in

the posttransplant setting can be variably resistant to immu-
nosuppressive agents and there is no established standard

of care.
Abatacept (Orencia) is a fusion protein formed by link-

ing extracellular domain of cytotoxic T-lymphocyte antigen
4 (CTLA-4) with the Fc region of immunoglobulin G (IgG).10

Abatacept works by inhibiting T-cell (T-lymphocyte) activa-
tion through competitive binding of CD80 and CD86 on

antigen-presenting cells (APCs), thus blocking the required
CD28 costimulatory interaction between APCs and T cells.11

It is Food and Drug Administration approved for the treat-
ment of autoimmune rheumatoid arthritis, psoriatic arthri-

tis, and juvenile idiopathic arthritis. It is used off-label for
the treatment of uveitis.12,13 Abatacept is associated with

adverse effects including increased risk of infection. When
compared to the general population, an increased risk of

lymphoma and lung cancer was noted in clinical trials. In
addition there have been reported rare cases of hypersensi-

tivity and anaphylactic reactions.14 Recently, it has shown
efficacy in prophylaxis against acute GVHD in HSCT recipi-

ents.15 In the context of hemolytic anemia, disruption of T-
cell–mediated regulation of the humoral immune system

ABBREVIATIONS: AIHA = autoimmune hemolytic anemia; CTLA-

4 = cytotoxic T-lymphocyte antigen 4; HSCT = hematopoietic stem

cell transplantation.

From the Center for Cancer and Blood Disorders, Phoenix

Children’s Hospital, Phoenix, Arizona; and the Mayo Clinic,

Scottsdale, Arizona.

Address reprint requests to: Alexander Ngwube, MD, Center for

Cancer and Blood Disorders, Phoenix Children’s Hospital, 1919 East

Thomas Road, Phoenix, AZ 85016-7710; e-mail:

angwube@phoenixchildrens.com.

Received for publication March 2, 2018; revision received May

21, 2018; and accepted June 1, 2018.

doi:10.1111/trf.14907

© 2018 AABB

TRANSFUSION 2018;58;2122–2127

2122 TRANSFUSION Volume 58, September 2018

http://orcid.org/0000-0003-4780-5642
mailto:angwube@phoenixchildrens.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ftrf.14907&domain=pdf&date_stamp=2018-09-04


can impact self-tolerance and promote AIHA. Abatacept,

similar to the CTLA-4 on CD4+CD25+foxp3+ regulatory T

cell (Tregs), can induce expression of indoleamine

2,3-dioxygenase in modified dendritic cells resulting in fur-

ther activation and induction of CD4+CD25+Tregs.16 We

postulated that the restoration and up regulation of func-

tional Tregs with abatacept might help mitigate the pro-

cesses that drive AIHA in HSCT recipients. In this case

series, we describe the successful use of abatacept in the

treatment of refractory AIHA after allogeneic HSCT in three

consecutive pediatric patients.

MATERIALS AND METHODS

Patients

The Phoenix Children’s Hospital Medical Center Institu-
tional Review Board approved this study. A retrospective
chart review was performed to identify and review patients
who developed AIHA after allogeneic HSCT that received
abatacept in 2017. All three patients had pre-HSCT ABO, Rh
typing, and red blood cell (RBC) antibody screening tests
performed on recipient samples before and whenever
patients required transfusion of blood products as standard
of care. The direct antiglobulin test (DAT) was performed in
pretransfusion compatibility testing and in patients with
clinical suspicion of hemolytic anemia, on RBCs collected in
ethylenediaminetetraacetic acid using polyspecific antihu-
man globulin (anti-IgG, -C3d [murine monoclonal], Gam-
maclone, Immucor) according to manufacturer’s
recommendations with standard tube methods.17 When the
polyspecific DAT was positive, further testing with specific
anti-IgG (anti-IgG [murine monoclonal], Gammaclone,
Immucor) and anti-C3d, -C3b (anti-C3b, -C3d [murine
monoclonal], Gammaclone, Immucor) reagents was per-
formed if ordered or a transfusion was requested. RBC elu-
ates were prepared and tested by acid elution (Gamma Elu-
kit II, Immucor). Eluates and sera of patients with positive
screening tests or positive DAT were tested for specificity
utilizing a standard panel method. Allogeneic adsorption
techniques were performed to exclude an underlying allo-
antibody if the patient had received a transfusion in the
prior 30 days and 1) an adsorption had not yet been per-
formed, 2) there was increase in strength of the DAT, or 3)
there was evidence of increasing hemolysis (increased lactate
dehydrogenase [LDH], decreased haptoglobin, or decrease in
hemoglobin [Hb] and/or hematocrit [Hct]). Patients who
developed autoantibodies or clinically significant antibodies
to RBC antigens received RBCs that were phenotypically simi-
lar for the D, C, E, c, e, Kell, Duffy, and Kidd RBC antigens.
Institutional reference ranges for laboratory values referred to
below are as follows: Hb 11.5 to 14.5 g/dL (female range) and
12 to 16 g/dL (male range), Hct 33% to 43% (female range)
and 35% to 47% (male range), reticulocyte percentage 0.5% to

2%, bilirubin less than 0.8 mg/dL, LDH 81 to 234 U/L, and
haptoglobin 30 to 200 mg/dL.

Case 1

A 9-year-old boy with severe HbSS disease received an
unmanipulated allogeneic marrow transplant from a male
HLA-matched unrelated donor. A clinical history of RBC
alloimmunization prompted pretransplant treatment with
375 mg/m2 rituximab weekly × 4 doses. The donor’s blood
group was O+; the recipient’s blood group A+. The plasma
reduced allogeneic, marrow, stem cell graft contained
2.4 × 108 total nucleated cells (TNCs)/kg and 1.48 × 106

CD34+ cells/kg. He received a reduced-intensity condition-
ing regimen including distal alemtuzumab (given on Days
−21 to −19) followed by 5 days of 30 mg/m2/day fludarabine
and 1 day of 140 mg/m2 melphalan. Tacrolimus, methotrex-
ate (7.5 mg on Days 1, 3, and 6), and methylprednisolone
(1 mg/kg on Days 7-28) were given for prevention of
GVHD.18 His immediate posttransplant course was uncom-
plicated. However, he developed severe AIHA and reticulo-
cytopenia on Day +170. Laboratory findings demonstrated a
severe normocytic, hypochromic anemia with a Hb level of
3.1 g/dL, Hct of 8.5%, and reticulocyte count of 0.2%. Bio-
chemical evidence of hemolysis was supported by a biliru-
bin level of 4.6 mg/dL, a LDH level of 414 IU/L, and a
haptoglobin level less than 10 mg/dL. The polyspecific and
IgG DAT were strongly positive with an eluate demonstrat-
ing pan reactivity with all cells consistent with warm auto-
antibodies against IgG and eliciting complements C3 and
C3d on the RBC surface. He was treated with 2 mg/kg/day
methylprednisolone without clinical response. He received
1 g/kg IVIG on Days 176 and 177 and 375 mg/m2 rituximab
weekly for four doses starting on Day 183. He remained
refractory to therapy and received 1.3 mg/m2 bortezomib
weekly starting on Day 234 for 4 weeks. The AIHA persisted,
he remained transfusion dependent, and the DAT remained
strongly positive. Sirolimus (3 mg/m2) on Day 264 followed
by maintenance doses of 1 mg/m2 daily were added to his
regimen, but discontinued after 1 week secondary to neu-
tropenia, markedly elevated transaminases, and failure to
improve his transfusion requirement. Abatacept (10 mg/kg)
was initiated on Day 286. Rapid improvement was noted
within 1 week with stabilization of Hb to greater than 10 g/dL.
Most notably, he has required no further RBC transfusions.
Abatacept was maintained monthly for 4 months and stopped
without any side effects or rebound hemolysis. The patient is
now 9 months after initiation of abatacept. His DAT remains
positive, but he remains asymptomatic and transfusion inde-
pendent with Hb levels ranging from 12 to 14 g/dL.

Case 2

A 4-year-old female with central nervous system hemopha-
gocytic lymphohistiocytosis received a haploidentical unma-
nipulated marrow stem cell transplant from her mother.
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The donor’s blood group was A+ the recipient’s blood group
was O+. The RBC-depleted stem cell graft contained
4.8 × 108 TNCs/kg and 5.02 × 106 CD34+ cells/kg. She
received a myeloablative conditioning regimen consisting of
4 days of 0.25 mg/kg/day alemtuzumab, 10 mg/kg thio-
tepa × 1 day, 4 days of 40 mg/m2/day fludarabine, and
0.8 mg/kg/dose busulfan × 16 doses. Cyclophosphamide
(50 mg/kg/day Days 3 and 4), tacrolimus, and mycopheno-
late were given for prophylaxis of GVHD.

She achieved neutrophil engraftment on Day 17. Her
immediate posttransplant course was complicated by MRSA
bacteremia and pneumonia, HHV-6 viremia, adenovirus
enteritis, and cytomegalovirus viremia successfully treated
with cytotoxic T lymphocytes. On Day 302, she was diag-
nosed with Pneumocystis jiroveci pneumonia and on Day
304, she developed warm autoantibody AIHA. Her Hb level
acutely dropped from 10 to 7 g/dL, with a reticulocyte count
of 7.1%. Her LDH was 478 IU/L with a haptoglobin level of
less than 10 mg/dL. The DAT was strongly positive with
warm antibodies against IgG and presence of C3d. She was
treated with 1 g/kg IVIG on Days 307 and 308, followed by
2 mg/kg/day methylprednisolone for 7 days starting on Day
325. She remained refractory to treatment. Rituximab and
bortezomib were considered but ultimately not used given
concern for associated hypogammaglobinemia in the setting
of active P. jiroveci pneumonia. Rather, she was treated with
abatacept 10 mg/kg every 2 weeks × 4 doses starting on Day
345. She demonstrated clinical resolution of hemolysis with-
out further RBC transfusion requirement after two doses of
abatacept. Her DAT remained positive. She was 5 months
after initiation of abatacept and remained asymptomatic
with a Hb level greater than 11 g/dL.

Case 3

A 14-year-old male with hyper-IgE syndrome secondary to
DOCK8 deficiency received an unmanipulated allogeneic,
marrow transplant from a male HLA-matched unrelated
donor. The donor’s blood group was AB+, and the recipi-
ent’s blood group was O+. The RBC-reduced marrow stem
cell graft contained 5 × 108 TNCs/kg and 3.08 × 106 CD34+
cells/kg. He received a myeloablative preparatory regimen
consisting of 4 days of 40 mg/m2/day fludarabine and
0.8 mg/kg/dose busulfan × 16 doses. Antithymocyte globu-
lin (2.5 mg/kg on Day −1), methotrexate (5 mg/m2 on Days
1, 3, 6, and 11), and tacrolimus were administered for pro-
phylaxis of GVHD. His immediate course was complicated
by persistent elevation of incompatible isohemagglutinin
titers ranging between 64 and 512 and necessitating plasma-
pheresis just before transplant through Day 23.

He achieved neutrophil engraftment on Day 17 and
platelet engraftment on Day 34. Delayed RBC engraftment
was expected due to ABO-incompatible graft and he
remained RBC transfusion dependent at weekly intervals.
On Day +45, he underwent a marrow biopsy and aspiration.

Marrow biopsy showed normal myeloid and megakaryocytic
lineages with absent erythroid cells and normal karyotype.
He was diagnosed with an acquired RBC aplasia. He
remained transfusion dependent, with Hb levels persistently
ranging from 6.1 to 8.3 g/dL with an associated reticulocyto-
penia. His DAT remained negative. He sustained complete
donor chimerism of 100% based on short tandem repeat
analysis. He also demonstrated continued persistence of
anti-A and anti-B isohemagglutinin titer ranging between
32 and 512. On Day 70 he presented with an Hb level of
2.5 g/dL in the setting of septic shock. His anti-A titer was
256 and anti-B titer was 512. The DAT was strongly positive
with warm autoantibodies against IgG and negative for
complements (C3 and C3d). All cells present in the antibody
screen and ID panel were equally panreactive. He required
4 units of RBCs and again underwent plasmapheresis.
Active hemolysis was attributed to an anti-E from a RBC
transfusion he received the week prior was identified after
referral to a reference laboratory for allogeneic adsorption.
He was treated with 2 mg/kg/day methylprednisolone start-
ing on Day 71. He received 375 mg/m2 rituximab weekly × 4
starting on Day 77. His hemolysis remained refractory to
treatment. On Day 110 he was started on 10 mg/kg abata-
cept every 2 weeks × 4 doses. He demonstrated a significant
response with clinical resolution of hemolysis and transfu-
sion independence after the initial dose of abatacept. There
was a remarkable reduction in isohemagglutinin titers with
both anti-A and anti-B titers decreasing from 512 before
treatment with abatacept to 256 and 16 at 30 and 60 days
after treatment with abatacept therapy. His DAT remained
positive. He was 3 months after initiation of abatacept
and remained asymptomatic with a Hb level greater than
11 g/dL and reticulocyte count of 1.8%.

DISCUSSION

This is the first report of the successful use of abatacept for
the treatment of refractory immune hemolytic anemia after
allogeneic HSCT in three consecutive cases (Fig. 1). AIHA
may occur in the setting of Treg dysfunction.19–21 Tregs con-
stitute a subset of lymphocytes that have the capability of
suppressing immune responses in vivo and in vitro both
directly by cell–cell contact and indirectly through the pro-
duction of anti-inflammatory cytokines. They constitute a
small subset of T lymphocytes—CD4+CD25+foxp3+ cells.20

As noted in the patient in Case 3, after the administration of
abatacept, he demonstrated an immediate increase in pro-
portion of CD4+CD25+foxp3+ cells (Fig. 2). This observation
is similar to one noted by Lee and coworkers13 and could
suggest a restoration of Treg-cell function as FOXP3 is a
Treg-cell function regulator.22 This type of upregulation
limits the T-cell activation and may not lead to as much
immune suppression thereby a potential intervention that
may limit the risk of infection. p values were calculated by
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comparing mean values of each cell subpopulation between
before and after use of abatacept using an unpaired t test. It
should be noted that given an extremely small sample size,
with human subjects, the result might not be reproducible.
The patients treated with abatacept did not appear to have
any statistical significant effect on lymphocyte subsets, CD4
(p = 0.6), CD8 (p = 0.6), CD19 (p = 0.7), or NK cell (p = 0.2;
Fig. 3). We observe in the patient in Case 2 that the CD
4 and CD 8 levels decreased by 50% after abatacept as seen
in Fig. 3. It is possible that the reason the other two patients
did not demonstrate such a change is because before they
got abatacept, they had been treated with other immune
modulators that may have had some effect directly or indi-
rectly on the lymphocyte subsets. Abatacept has been anec-
dotally reported to treat pancytopenia and associated
life-threatening autoimmunity otherwise refractory to multi-
ple immunosuppressive medications in patients with CTLA-

4 haploinsufficency.13,23 All patients exhibited decrease in or
resolution of hemolysis after two to three doses of
abatacept.

Our initial use of abatacept in the setting of AIHA
occurred in Patient 1 in an attempt to provide GVHD pro-
phylaxis after discontinuing sirolimus for toxicity. There is
considerable evidence from murine models and now
human trials to suggest that abatacept might be an active
compound against the immune activation that occurs dur-
ing GVHD.24 Studies have demonstrated that an abatacept-
containing immunosuppressive regimen could significantly
protect against the development of primate GVHD.25 These
results, along with the clinical evidence for efficacy of abata-
cept in both autoimmunity and solid organ transplantation
have provided the rationale for the development of a first-
in-disease feasibility trial of abatacept for GVHD prevention
(ClinicalTrials.gov NCT01012492). In Case 1, it was seren-
dipitously noted that the patient’s hemolysis was under con-
trol. Abatacept was not used for GVHD prevention in the
other two patients, but rather primarily as a treatment for
AIHA. None of the patients had GVHD. For Patients 2 and
3, we gave the drug 10 mg/kg intravenously every 2 weeks × 4
doses based off pharmacokinetic studies of an abatacept
half-life of 16.7 (12-23) days in healthy subjects and 13.1
(8-25) days in patients with rheumatoid arthritis.26

In conclusion, AIHA after allogeneic HSCT is a rare but
well-recognized complication that presents a significant risk
for morbidity and a reported mortality of greater than 50%.
Although many patients with hemolytic anemia respond to
standard treatments, effective third-line agents are not
established. However, our observations indicate that abata-
cept may provide significant clinical benefit in the manage-
ment of AIHA after HSCT. The drug was well tolerated,
allowed limitation of steroid use, and was not associated
with an increased risk of infection. Prospective studies using
abatacept as a second-line treatment in patients with AIHA

Fig. 1. (A) Case 1; (B) Case 2; (C) Case 3. Graph of Hb (—) and

reticulocyte percentage (– – –) with timing of RBC transfusions

(▲) and abatacept doses ( ).

Fig. 2. Effects of abatacept on regulatory T cell (CD4+FOXP3+)

population as observed in Case 3.

Volume 58, September 2018 TRANSFUSION 2125

POST-HSCT AIHA AND ABATACEPT

http://clinicaltrials.gov


after HSCT are currently under way at our institution with a
goal of further delineating safety and efficacy.
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