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Case report: Daratumumab
treatment in pre-transplant
alloimmunization and severe
hemolytic anemia
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Daratumumab, a CD38 monoclonal antibody that has been FDA-approved to

treat multiple myeloma, has acquired popularity and is used off-label for both

auto- and alloantibody mediated disorders, particularly in refractory/resistant

circumstances. Much of the published data for its use in pediatric blood

disorders has been in post-transplant autoimmune cytopenias. Here we

describe three patients in whom daratumumab was used outside of post-

transplant autoimmune cytopenias, highlighting further potential uses of

this medication.
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Introduction

Daratumumab (DARA) is a human IgG1k monoclonal antibody that specifically

targets CD38, a protein expressed on plasma blasts and plasma cells (PCs). CD38

expression is highest in normal plasma cells and multiple myeloma cells (1). The US

Food and Drug Administration (FDA) approved DARA in 2015 for the treatment of

relapsed/refractory multiple myeloma (MM). Off-label usage of this medication in

numerous antibody-mediated auto/alloimmune diseases refractory to conventional

therapies has increased in recent years. Conventional treatment for antibody-mediated

diseases includes steroids, intravenous immunoglobulin (IVIG), and B-cell depleting

therapies like anti-CD20 monoclonal antibody (rituximab) (2). Even though rituximab

is regarded as a major breakthrough in the treatment of autoimmune diseases, a subset

of patients fail to respond to it. While a complete response to rituximab is associated

with short-lived PCs, a primary non-response is related to auto-reactive long-lived PCs
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either in the bone marrow and/or in the inflamed tissues (3).

Furthermore, a paradoxical increase in plasma cells has been

described in the context of B-cell depletion leading to

chronicity of autoimmune diseases (3). Hence, plasma cell

depletion with DARA has emerged as an attractive

therapeutic strategy for patients who are resistant/refractory

to rituximab. Also, a newer concept of combining rituximab

with DARA to target both B-cells and PCs to eliminate the

sources of antibody production in refractory patients has been

tried anecdotally.

In published literature so far, DARA has been used

successfully for the treatment of post-allogenic hematopoietic

stem cell transplantation (HSCT) associated autoimmune

cytopenias (AIC) and pure red cell aplasia, refractory

autoimmune hemolytic anemias (AIHA) and autoimmune

thrombocytopenia (AIT), antibody-mediated rejection of

transplanted kidney, antiphospholipid syndrome, systemic

lupus erythematosus, and proliferative glomerulonephritis

(4–14).

Daratumumab’s mechanisms of action include complement-

dependent cytotoxicity, antibody-dependent cellular cytotoxicity,

antibody-dependent cellular phagocytosis, apoptosis, enzymatic

activity regulation, and immunomodulatory effects. DARA has

modest toxicity profile, with the most common side effects

described being infusion-related anaphylactic reactions and

increased risk of infection (15, 16). In MM clinical trials, using

16 mg/kg of intravenous DARA weekly, 37% patients

experienced infusion-related reactions in the first week, with

rates decreasing with successive infusions (17–19). On immune

cells such as natural killer cells, T and B cells, and erythrocytes,

low surface CD38 expression is observed. Daratumumab’s

interaction with these cells can lead to unintended

consequences such as interference with cross-matching of

blood products, impairment in polyclonal immunoglobulin

production, and potential immunomodulation via regulatory

T-cell elimination (20–22).

There is limited data on off-label use of DARA in antibody-

mediated diseases in pediatric patients outside of post-

transplant AIC.
Methods

We report a series of three pediatric patients who received

DARA in a variety of novel alloimmunization settings. The first

patient, with sickle cell disease, had severe red cell

alloimmunization. In the second patient with sickle cell

disease, DARA was used as part of a transplant conditioning

regimen. The third patient, with severe aplastic anemia,

had mult iple HLA antibodies directed against the

maternal haploidentical donor, likely contributing to

transfusion refractoriness.
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Clinical features and course

Case 1

A 17-year-old female with sickle cell disease type SS whose

disease had progressively worsened over the past two years and

was hospitalized numerous times for vaso-occlusive episodes

(VOE), acute chest syndrome (ACS), and delayed hemolytic

transfusion reactions (DHTR). Multiple red cell allo-antibodies

were detected as shown in Supplementary Material Table A. Our

patient experienced severe anemia during each admission for

pain crisis, requiring red blood cell transfusions. With every

blood transfusion, steroids were given to prevent DHTR, which

resulted in rebound pain crises. Her transfusion threshold was

reduced to 5.5g/dL due to a history of allo-antibodies and

difficulty procuring matched red blood cells. She received three

distinct types of disease-modifying treatments. When her

condition worsened while on hydroxyurea, crizanlizumab was

introduced, but without much effect. Voxeletor was initiated to

increase hemoglobin levels and reduce the need for blood

transfusions. She received four doses of rituximab 375 mg/m2

to lessen the burden of red cell alloantibodies.

Due to the severe disease phenotype, curative options like

HSCT and gene therapies were taken under consideration. Due

to lack of a matched sibling donor and the patient not qualifying

for gene therapy due to her young age, alternative donor

transplant options were investigated. Given a prior sub-

optimal response to rituximab, the decision to use DARA was

made to eradicate red cell allo-antibodies.

Before starting DARA, our patient’s antibody profile was

positive for anti little e, Anti-E, Anti-Fy, Anti-C and Anti-D

(Supplementary Material Table A). Patient received weekly

DARA for a total of 6 doses (16mg/kg per week), with the last

dose given on day 39. She required intermittent PRBC

transfusion until 93 days after the first dose of DARA. Her

hemoglobin remains stable (7.2 – 9.5g/dL) since (Figure 1). As

early as 10 days after treatment, our patient’s antibody profile

improved with Anti-E and Anti-Fy becoming undetectable.

Three months after completing treatment, all her previously

positive alloantibodies became negative. She did not experience

any side effects that were attributable to DARA. Previously

described red cell allo-antibodies continue to remain negative

one year post DARA.
Case 2

A 14-year-old female with sickle cell disease, type SS,

underwent a matched related donor HSCT in from her HLA-

identical brother. She had developed anti-Fya, anti-E, anti-C,

anti-Jka, and HTLA-like antibodies because of the several blood

transfusions she had received prior to her HSCT (high-titer, low
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avidity). Due to an episode of severe delayed hemolytic

transfusion reaction in October 2017 (nine months before first

transplant), she received IVIG 1 gm/kg x 3 days and

methylprednisone 2 mg/kg/day for a week followed by a

prolonged steroid wean over 4 weeks and rituximab (375 mg/

m2/dose) x 4 doses. Due to persistence of Anti-Fya antibodies

were discovered through antibody screening done before

transplant Day (T) =0 and hence received intravenous

immunoglobulin (IVIG) 1 gm/kg x 1 dose two weeks prior to

HSCT. During conditioning with Campath, fludarabine, and

melphalan, she experienced a DHTR with a hemoglobin nadir of

3.8 g/dL. The donor was anti-Fya negative, so a red blood cell

exchange transfusion was done. On T+18, engraftment failure

with autologous recovery was identified as chimerism showed

98% recipient DNA.

At her first outpatient visit (T+38), her hemoglobin was 5.3

g/dL, and ranged between 6 g/dL and 9.7 g/dL over the course of

the next seven months with transfusion support. She received

four cycles of bortezomib 1.3 mg/m2/dose, intravenously every

72 hrs x 4 doses (T+7 months) without any clinical or laboratory

improvement. One month after her last bortezomib dose, an

extended antibody screening revealed persistently anti-Fya and

anti-E (poly-ethylene glycol reacting) antibody titers. Anti-Fya

titer was 1 and anti-E was not tested. Then, between T+8 and T

+9 months, she received methylprednisone 2 mg/kg/day x 5

days, and IVIG 1 gm/kg x 1 dose, and rituximab 375 mg/m2/

dose weekly x 2 doses due to experiencing delayed hemolytic

transfusion reaction. Repeat antibody testing remained

unchanged. One year after her initial HSCT, she received a

second matched related donor HSCT from her HLA-identical

brother. Patient demonstrated anti-Fya antibodies prior to the

second HSCT. The conditioning regimen used was ATG (T-12

to T-10), cyclophosphamide (T-9 to T-8) and targeted busulfan

(T-5 to T-2). Additionally, as part of the conditioning regimen

our patient had plasmapheresis performed on T-7 and a single

dose of DARA (16mg/kg) given on T-6. Our patient experienced

a severe delayed hemolytic transfusion reaction after receiving a

unit of packed red blood cell, and hence DARA was added to the

preparative regimen. Exchange transfusion was performed on

T=0. She successfully engrafted on T+23 and achieved B-cell
Frontiers in Immunology 03
immune reconstitution with normal IgG and IgM on T+90. Her

antibody screening obtained at T+1 year showed no allo- or

auto-antibodies. Patient has remained transfusion free since

engraftment with normal hemoglobin range of 12 g/dL to 14.6

g/dL. Peripheral blood chimerism is added in the

(Supplementary Material Table B). No side effects attributable

to DARA was experienced by her.
Case 3

A previously healthy 19-year-old, African American female

presented with severe pancytopenia in March 2021. Hemoglobin

was 5.5 gm/dL, white blood cell count was 0.5 x 109E/L, absolute

neutrophil count was 0.02 x 109E/L, and platelets were 1 x 109E/

L at the time of diagnosis. A bone marrow biopsy revealed

notably hypocellular marrow with < 5% cellularity, without

leukemic blasts or aberrant cytogenetics. Extensive work-up to

rule out inherited causes of bone marrow failure was negative;

hence she was diagnosed with idiopathic severe aplastic anemia

(iSAA). She demonstrated severe platelet refractoriness up-front

requiring frequent platelet transfusions. Work-up for platelet

refractoriness demonstrated low corrected count increment

(CCI) indicating immune-mediated platelet destruction. A

high antibody titer for both class I and class II human

leukocyte antigen (HLA) as well as anti-platelet antibodies

were identified on day 7 after init ial presentation

(Supplementary Material Table C). She demonstrated 63

different HLA antibodies from both classes, with a strong

mean florescence intensity (MFI) of >10,000 for multiple

HLA antibodies.

She had received a total of 12 units of blood products

including packed red cells and platelet, up until that point

(five days since diagnosis of iSAA). She denied past medical

history of blood transfusion or organ transplant, but obstetric

history was significant for a miscarriage a year prior to

presentation. In the absence of a suitable matched

sibling donor or matched unrelated donor, she received

immunosuppressive therapy (IST) with horse anti-thymocyte

globulin and cyclosporine along with Eltrombopag. To address
FIGURE 1

Effect of various treatments on the hemoglobin and reticulocyte count for patient 1.
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her severe antibody mediated platelet refractoriness, patient

received a dose of IVIG 1 gm/kg based on ideal body weight

and 2 doses of rituximab 375 mg/m2. Despite depletion of CD20

B-cells post-rituximab, she had no significant reduction in

antibody burden. After 16 weeks of IST, our patient showed

improved hemoglobin and absolute neutrophil count but

continued needing platelet transfusions on a weekly basis. Due

to failure of IST, work up for haploidentical HSCT was done

which showed presence of donor specific antibodies (DSA), for

which she received weekly daratumumab infusions (16 mg/kg/

dose) for 5 weeks with a significant reduction in DSA and was

able to receive a HSCT from a previously unsuitable haplo-

identical donor (Figure 2). No side effects attributable to DARA

was experienced by her.
Discussion

The first 2 patients described in this case series developed

alloimmunization secondary to frequent blood transfusions due

to sickle cell disease. The etiology of anti-HLA antibodies for the

third patient is suspected to be a previous miscarriage

and autoimmunity.

Between 4.4% and 76% of sickle cell patients develop red

blood cell (RBC) alloimmunization. RBC alloimmunization is

not only a significant obstacle for transfusing patients with sickle

cell disease due to the risk of severe hemolytic transfusion

reactions, but also impacts transplant outcomes due to HLA

alloimmunization (23). In a study by Nickel et al., HLA

alloimmunization did not correspond with neutrophil

engraftment, donor chimerism, or graft rejection in sickle cell

patients, but RBC alloimmunization correlated with a decline in
Frontiers in Immunology 04
donor T cell chimerism at one year (24). Presence of donor

specific HLA antibodies (DSA) indicates a 10 fold increase of

primary graft failure and graft rejection, especially whenMFI is >

10,000 (25, 26). Hence complete elimination/reduction

of these RBC/HLA antibodies are crucial for successful

transplant outcomes.

Multimodal therapies used to eliminate these antibodies

includes strategies to remove antibody (therapeutic plasma

exchange), reduce antibody production (steroids, rituximab,

bortezomib, or immunosuppressive therapies), and inhibit

complement cascade (IVIG). Patients failing multiple therapies

have been postulated to harbor memory plasma cells leading to

continued antibody production despite B cell depletion. In such

refractory cases, DARA has shown to have promising

results (27).

DARA has been reported to be effective against post-HSCT

AIHA, post-HSCT autoimmune-like hepatitis, and delayed

RBC engraftment in pediatric patients. There is only one

report found in the pediatric literature that describes the

successful use of single-dose DARA before HSCT to treat

AIHA (9). A second patient with CGD who developed AIT

after HSCT with graft failure did not respond to one dose of

DARA and underwent a second HSCT 9 days after single-dose

DARA (Table 1).

In a recent case series of post-transplant AICs, only 25% of

patients responded to first-line treatment with rituximab and

steroids. Furthermore, increased rates of disease relapse and

overall survival have been reported when DSA are present in

patients who received an umbilical cord transplant and half of

the patients of a different cohort who underwent successful

desensitization relapsed despite successful primary engraftment

(30–33). The regimen used in the latter cohort included
FIGURE 2

Donor specific antibody response to daratumumab.
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plasmapheresis and rituximab. Other regimens using

bortezomib and IVIG did not provide benefit. Our third

patient was successfully transplanted with a haplo-identical

donor for which she had DSA before treatment with DARA.

Decreased MFI was evident as early as 1 month after her first

dose of DARA and she achieved levels <500 MFI for all

antibodies 2 months after completing all doses of DARA.

There has been a prior report of the successful use of DARA

for the treatment of therapy-refractory antibody-mediated

rejection of a kidney transplant (34).

In pediatric patients with nephrotic syndrome, DARA has

been explored in combination with obinutuzumab, a second-

generation anti-CD20 monoclonal antibody with more

powerful antibody-dependent cytotoxicity that can overcome

low affinity of Fc-Gamma receptor 3A polymorphisms. In one

case series, 9 of 14 patients remained in remission after a

median follow-up of 22.5 months after first dose of

obinutuzumab (35).

CD38 is a type II membrane glycoprotein that plays a role

in adhesion, migration, signal transduction and generation of
Frontiers in Immunology 05
nucleotide metabolites. The therapeutic benefits of targeting

CD38 have been explored in various clinical trials for MM.

Hogan et al. (phase 2 DELPHINUS study - oral abstract) and

Cerrano et al. recently published early results of the addition of

DARA to re-induction therapy for relapsed/refractory T-ALL

and lymphoblastic lymphoma showing improved response

rates with manageable adverse events (36). In pediatrics,

there is an ongoing clinical trial investigating the role of

DARA in addition to standard chemotherapy for relapsed/

refractory T or B cell ALL (NCT03384654). In addition, CD38

is an integral membrane protein that is expressed not only on

plasma cell surface but also weakly on RBC surface, resulting in

false positive antibody screens. A pan-agglutinin-like activity

caused by anti-CD38 reactivity is usually reported in patients

who receive DARA, which was easily distinguished from other

reactive antibodies in our patients. This suggests that the use of

DARA in AIHA should not be prevented by cross-reactivity in

indirect antiglobulin tests. In the MM trials, the effects of

DARA, whose half-life is 18 days+/- 9 days were observed as

early as 1 month after administration. The standard dose of 16
TABLE 1 Summary of published literature in the last 3 years using DARA in antibody mediated disorders in pre and post-transplant setting.

Authors Primary disease/Timing
of use of DARA with
respect to HSCT

Reason for
Daratumumab

use

Failed prior line of treatments Number
of DARA
doses

Outcomes

P.
Khandelwal
et al (28)
BJH, 2021
(n=9)

Pre-Transplant (4):
IPEX syndrome,
BCL11B def, WAS, BMF
Post-Transplant (5):
XIAP def, CTLA4 def, CGD,
Griscelli syndrome

AIHA (5),
Autoimmune
neutropenia (1), AIT
(2), all (1)

IVIG, Corticosteroids, Rituximab, Abatacept,
Bortezomib, plasmapheresis

1-5 doses 6 patients responded to
Daratumumab at a median of
31 days from 1st dose.
2 of the 6 patients had AIHA
relapse. First, 117 days after
CR, 2nd 380 days after CR.

C. Schuetz
et al. (5)
Blood
advances,
2021
(n=3)

Post-transplant:
B-ALL, WAS, DNA ligase IV
deficiency

AIHA Corticosteroids, Mycophenolate Mofetil (MMF),
sirolimus, rituximab, Cyclophosphamide,
eculizumab, ibrutinib, plasmapheresis (n=1)

4 – 11
doses

2 patients achieved CR.
One patient with transient
response at 8 months died.

R. Epperly
et al. (29)
PBC, 2021
(n=1)

Post-transplant: Ph B-ALL Autoimmune-like
hepatitis

Corticosteroids 5 doses CR and off corticosteroids

J.Koo et al.
(2)
PBC, 2020
(n=3)

Post- transplant: Unknown AIHA MMF, Ofatumumab, sirolimus, Rituximab,
methylprednisolone

Unknown Two of the three patients
achieved CR and were off
steroids.

E. Even-Or
et al. (7)
PBC, 2019
(n=1)

Post- transplant: PS45 protein
def

AIHA Prednisone, Rituximab, Abatacept, Bortezomib 6 doses CR and off corticosteroids.

L. Cooling
et al. (9)
Transfusion,
2019
(n=1)

Pre-transplant: BRAF V600E +
LCH

Warm antibody
AIHA

Trametinib, prednisone, IVIG, Rituximab 1 dose Improved and underwent
HSCT after single dose.
IPEX syndrome, Immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome; WAS, Wiskott Aldrich syndrome; BMF, bone marrow failure; XIAP, X-Linked Inhibitor of
Apoptosis; CGD, chronic granulomatous disease; CR, complete remission; Ph B-ALL, Philadelphia positive B-Acute Lymphoblastic Leukemia; LCH, Langerhan’s cell histiocytosis.
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mg/kg weekly for 6 to 9 weeks has been extrapolated from MM

studies, although pediatric patients as well as those with

nonmalignant disorders may respond to lower and fewer

doses of DARA.

In general, DARA was very well tolerated, and side effects such

as upper respiratory, gastrointestinal problems and infusion

reactions as previously described were not reported in our

patients. Patients who receive DARA should be screened for

hepatitis B, as it is known to reactivate the virus. Our patients

were managed as if immunocompromised and received

Pneumocystis jirovecii prophylaxis based on prior studies showing

the infection rate to be as high as 49% for MM patients on DARA

(37). Prolonged neutropenia (~50 days) as a side effect of DARA

monotherapy has been described in an elderly MM patient.

Neutropenia was reported in phase 1-2 MM clinical studies in 5-

12% of patients receiving DARA monotherapy, however the

prevalence was higher (28–48%) when DARA triple treatment

was used. Dose reduction/delaying administration of DARA is

recommended with grade 3/4 hematological toxicities, and

interruption when neutropenia (ANC 0.5 x 109/L) or

thrombocytopenia (50 x 109/L) develops. However, when DARA

is used for treatment of AIC, baseline count prior to initiation of

DARA and clinical condition of the patient should be strongly

taken into consideration before drug interruption.

Hypogammaglobulinemia (IgG < 600) with risk of infection is a

potential complication for patients on DARA. Paul et al. reported

almost doubled incidence of hypogammaglobulinemia in MM

patients with the use of DARA (38). Though two of our patients

required IVIG replacement sporadically, none of them required

periodic administration.

Multiple therapies were being concurrently used in our

patients in order to reduce the antibody burden, making it

challenging to attribute response just to DARA alone, which is

one of the limitation of the study. In summary, we report 3

heterogenous clinical scenarios in which DARA provided
Frontiers in Immunology 06
resolution of antibodies against RBC minor blood group and

HLA that were refractory to multiple therapies (Table 2). This

improved not only the patients’ quality of life but allowed us to

proceed with curative treatments such as allogeneic HSCT. Our

case series highlights the use of daratumumab as a single agent

to treat alloimmunization and DSA in patients needing a

HSCT. We suggest that daratumumab could be used as

part of a conditioning regimen in the presence of

RBC alloimmunization.
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daratumumab

Patient 2 Sickle cell disease with red cell
alloimmunization and primary HSCT
graft failure

Daratumumab used as a part
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prior to second HSCT

Steroids, IVIG,
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Plasmapheresis

1 dose on T-6 of
second HSCT
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