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Rituximab for prevention of delayed hemolytic
transfusion reaction in sickle cell disease

Delayed hemolytic transfusion reaction (DHTR),
a life-threatening transfusion complication in
sickle cell disease (SCD), is characterized by a
marked hemoglobin drop with destruction of both
transfused and autologous red blood cells (RBCs)
and exacerbation of SCD symptoms. One mecha-
nism of RBCs destruction is auto-antibody pro-
duction secondary to transfusion. As rituximab
specifically targets circulating B cells, we thought
that it could be beneficial in preventing this
immune-mediated transfusion complication. We
report the case of a SCD patient who previously
experienced DHTR with auto-antibodies and who
needed a new transfusion. DHTR recurrence was
successfully prevented by rituximab administra-
tion prior transfusion, supporting the safe use of
rituximab to prevent DHTR in SCD patients as a
second line approach when other measures failed.
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Introduction

Delayed hemolytic transfusion reaction (DHTR) is a
life-threatening complication frequently reported in
SCD patients."* The mechanisms of DHTR are not well
understood as serological findings do not always pro-
vide a simple explanation for hemolysis, such as the
presence of clinically significant allo-antibodies against
red blood cells (RBCs). The hallmarks of DHTR in SCD
are a dramatic drop in post-transfusion hemoglobin (Hb)
caused by the destruction of both donor and recipient
red blood cells (RBCs), presence of SCD related manifes-
tations and hemolysis exacerbation by further transfu-
sion.’ Destruction of autologous RBCs, called bystander
immune hemolysis,® and transfused RBCs can be trig-
gered by auto-antibodies produced as a result of trans-
fusion, with development of an acute auto-immune
hemolytic anemia. In SCD, auto-antibodies may have a
strong hemolytic capacity as RBCs are more susceptible
to fix antibodies and complement, mainly because of
increased phosphatidylserine exposure.®® Transfusion
can elicit auto-immunization against RBCs, specially
when RBC allo-antibodies are produced.” This mecha-
nism is also well known in post-transfusion purpura, a
characteristic reaction caused by allo-antibodies against
platelets.” However, in some cases there is no demon-
strable allo-antibodies.

Rituximab, a chimeric mouse/human monoclonal
antibody which binds to the transmembrane CD20 anti-
gen, rapidly eliminates circulating B cells with a poten-
tial capacity to prevent auto-antibody production by tar-
geting autoreactive B cells." Rituximab could also be
involved in other mechanisms as B lymphocytes are
antigen presenting cell through their B cell receptor and
can cooperate with T cells during allo-immunization.”
Then, one may speculate that rituximab could be help-
ful in preventing auto-antibody production following
transfusion.
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We report the case of a SCD patient with a prior his-
tory of post-transfusion life threatening hemolytic ane-
mia, mainly caused by auto-antibodies, who could be
successfully transfused after being treated with ritux-
imab.

Patient case report

The 33-year-old SCD patient was poly-immunized
with anti-C, anti-RH23, anti-Fya, anti-S, anti-Ytb. He
had already experienced two DHTR with both auto and
allo-antibodies following transfusion for orthopedic sur-
gery. He was scheduled a third time in 2005 for hip
replacement. Because of the high risk of DHTR, he was
surveyed very closely (Figure 1A). He received 7 cross-
matched-compatible units at day 0 of surgery. On days
5 and 8, sera were still compatible with samples of units
received at day 0. Direct antiglobulin test (DAT) and
eluate were negative. Hb remained stable at 7 g/dL. On
day 14, the patient presented pain, fever and features of
hemolysis including a drop in Hb level to 3.5 g/dL, LDH
of 12,460 U/L and bilirubin of 111 umol/L. Renal failure
ensued. Serological evaluation revealed RBC antibodies
against all cells tested (including transfused units), a
positive DAT with anti-C3d and anti-IgG, a positive elu-
ate. No new allo-antibodies were detected, concluding
to the presence of RBC auto-antibodies. Hb dropped to
2 g/dL and the patient’s consciousness was mildly
impaired. Then, he received 6 more units compatible
with the known allo-antibodies, and was given steroids
(iv methylprednisolone), a pulse of 1000 mg of iv
cyclophosphamide and erythropoietin. Additional units
were transfused. The patient clinical status gradually
improved, Hb level rose up to 6 g/dL and he was dis-
charged from the intensive care unit on day 30.
Lymphocyte subsets increased on day 14 as well as nat-
ural killer (NK) cells which increased ten times (Figure
2A). IL-10 transcripts obtained from unstimulated
peripheral blood mononuclear cells were quantified as
already described.” They were over 900 copies at day
15 as compared to the level around 50 at day 32. The
auto-antibodies finally disappeared. After this last
DHTR episode, the avoidance of transfusion was
strongly recommended.

Unfortunately, a new hip fracture occurred in 2007,
responsible of a large hematoma with blood loss. A new
hip replacement was required and transfusion absolute-
ly necessary. To prevent a new DHTR, rituximab (1000
mg) was administered, 3 days before surgery and trans-
fusion, and 7 days after the procedure (Figure 2A).
Before surgery, serum contained anti-C, anti-Fya, and
anti-S and the DAT was negative. 1,5 L of blood was
lost during surgery, then 7 units similar to the units used
before the 2005 DHTR were transfused. On days 5, 8,
10 and 20, sera remained compatible with samples of
RBCs units received at day 0, the DAT and the eluate
remained negative. Hb A rose up to 40% after transfu-
sion and decreased slowly to reach 17% on day 21.
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Figure 1. Clinical course of the episode of DHTR (A) and the
episode of transfusion with rituximab prophylaxis (B). Numbers
within circles indicate number of units transfused. Hb A is indicat-
ed in percentage and total Hb in g/dL. Absolute reticulocyte
counts (10°/L), intensity of DAT and results of crossmatches
between serum and samples of the 7 first units transfused are
indicated below the figure. Units transfused at day O and 1, com-
patible with all known allo-antibodies (cross negative) were well
tolerated, Hb was stabilised and HbA raised up to 40% until day 8
whereas DAT and Cross remained negative. At day 14, Hb was
below 2 g/dL reaching values lower than pre-transfusion level, %
of HbA was not available, DAT was positive for IgG and comple-
ment, cross became strongly positive, suggesting auto-antibody
production as no new allo-antibodies could be demonstrated. The
10 next units transfused were not compatible with the auto-anti-
bodies as shown by positive crossmatch reactions. Administration
of cyclophosphamide, corticosteroids and EPO was finally associ-
ated with an increase in total Hb and % of HbA. Decreased in retic-
ulocyte count after day 14 probably accounts for the destruction
of all RBCs by auto-antibodies, slowly corrected by treatment. In
figure 1B, the first infusion of rituximab occurred 3 days before
surgery, the second infusion 7 days after transfusion and surgery.
Decreased in Hb level before transfusion was explained by the
hematoma, then transfusion occurred, the Hb level increased up
to 10 g/dL. No suppression of erythropoiesis was observed, as
reticulocyte count remained stable. Titer of existing antibodies
(anti-C, anti-Fya, anti-S) remained stable (1/32).

Treatment with rituximab resulted in a marked deple-
tion of B cells. NK cells remained stable (Figure 2B).
Titers of the existing allo-antibodies toward RBCs
remained at 1/32. Total IgG, IgM and IgA determined by
immunonephelometry stayed identical. After rituximab
infusions, IL6 and TNFa sera levels were measured by a
two-site sandwich immuno-assay (Immunlite; DPC)
and an ELISA using a commercial kit Eli-pair (Diaclone,
Besancon, France) respectively. They not reveal any
cytokine-release syndrome, attesting the immediate
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safety of the procedure." Three months after treatment,
the patient was in good condition. The study protocol
was approved by the Institutional Review Board of The
Henri Mondor Hospital (N° 05-013). Written informed
consent was obtained from the patient.

Discussion

Our data indicate that rituximab may prevent DHTR
in SCD without causing significant side-effects. DHTR
represents the main risk of RBC transfusion in these
patients. Inflammatory factors produced during acute
hemolysis can promote organ failure, and steroid thera-
py which can be helpful in controlling hemolysis and
auto-antibody production may also promote a rebound
of vaso-occlusive manifestations and lead to severe
infections.” Then, after severe DHTR, clinicians became
very precarious for the disease management which can
however be far more damaging if RBC transfusion was
not available. Prevention of allo-immunization and
transfusion of matched RBCs compatible with all the
known allo-antibodies are necessary but not sufficient
to avoid DHTR, as shown by our case. In this setting,
auto-immunization that appeared after transfusion
played the main role as shown by the immuno-hemato-
logic data and the peak of IL10 transcripts observed dur-
ing the 2005 DHTR episode. IL10 acts as a critical medi-
ator for auto-immunity and for RBC auto-antibody pro-
duction.’ It has also been shown that IL10 could acti-
vate NK cell cytotoxicity.” Furthermore, NK cells which
were dramatically increased, acted probably as strong
effectors cells through their FcyRIIla receptors to destroy
sensitised RBCs through ADCC. Then, we thought that
rituximab could prevent DHTR for this patient, mainly
by inhibiting development of auto-antibodies but also
by attracting and binding Fcy receptor-expressing effec-
tor cells,'® such as monocytes/macrophages or NK cells,
which in turn would diminish their antibody-dependent
cytotoxicity effect towards sensitised RBCs. The choice
of a prophylactic treatment rather than a curative treat-
ment was based on the recurrence of the reaction in our
patient (3 prior DHTR), the expected delay of rituximab
action on B cells, and the absence of correlation in sev-
eral auto-immune diseases between decline of auto-
antibody levels and clinical benefit.” Furthermore, we
thought that the potential action of rituximab to prevent
antigen presentation and T help could also be beneficial
in preventing auto-immune hemolysis as auto-antibody
production is mainly elicited by prior allo-immuniza-
tion. Even when transfused RBCs are perfectly compat-
ible taking into account all the known developed allo-
antibodies but also the main immunogenic antigens
(which was the case in the 2005 episode), patient expo-
sure to a rare antigen such as a low frequency antigen,
cannot be eliminated, raising the possibility of a new
allo-immunization able to elicit auto-immunization. On
the other hand, rituximab has no effect on plasmocytes
and was not used in this case to eliminate existing allo-
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Figure 2. Lymphocytes subsets during the episode of DHTR (A)
and the episode of transfusion with rituximab prophylaxis (B).
Absolute B cells counts (CD19*) are indicated on the right y-axe
and represented as curves, absolute NK cells (CD16*, CD56") are
indicated on the left y-axe and represented as histograms.
Absolute count for other lymphocytes subsets (CD3*, CD4*, CD8+)
are indicated below figure A and B for each episode. Prior the
DHTR episode (Figure 2A), all populations were stable until day 8
and increased dramatically during the DHTR episode. In propor-
tion, NK cells were the most elevated as they reached ten times
their basal level at day 15. In figure 2B, the first infusion of ritux-
imab occurred 3 days before surgery, the second infusion 7 days
after transfusion and surgery. B cells (2B) dropped from the pre
treatment values of 12% to values less than 0.5% 5 days after
the first infusion. The other populations remained stable, except
at day 3, because of blood loss and transfusion.

antibodies towards RBCs produced from previous allo-
immunizations. Titers of pre-existing allo-antibodies
towards RBCs (Figure 1B) as well as levels of IgG, IgA
and IgM remained stable.

This observation shows for the first time that DHTR
can be prevented. We believe that the use of rituximab
should be considered when a new transfusion seems
inevitable in patients with SCD and a prior history of
life-threatening DHTR with production of auto-anti-
bodies. It remains that since hyper haemolysis syn-
drome can also responds to therapy with short-term
intravenous immunoglobulin and methylprednisolone
which do not cause long term B-lymphocyte depletion,
caution has to be advice in deciding this prevention,
which could be considered as a second line approach
when the other treatment failed. As for other autoim-
mune diseases, the best regimen (schedule and dosing)
for the use of rituximab remains to be established. The
next goal would be to bring evidence that rituximab can
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also prevent allo-immunization in order to provide a
new transfusion strategy for SCD patients when com-
patible blood units are not available.
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