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Abstract

Pure red cell aplasia (PRCA) is a rare hematologic phenomenon 
that is usually associated with inherited genetic mutations such as in 
Diamond-Blackfan anemia. However, due to the emergence of allo-
genic stem cell transplantation in the treatment of various malignant 
and non-malignant disorders, the incidence of PRCA has increased. 
PRCA following hematopoietic stem cell transplant (HSCT) is more 
commonly seen in the setting of a major ABO-incompatible trans-
plant. Treatment of allo-HSCT induced PRCA can be initially sup-
portive as it takes time for the bone marrow to fully recover. However, 
prolonged and/or failure of the bone marrow to recover, significantly 
increases patient’s risk of iron overload in the setting of frequent 
transfusions. Iron deposition can potentially lead to severe life-threat-
ening multiorgan involvement which can be fatal. Therefore, earlier 
recognition and intervention with immunomodulators in patients who 
undergo frequent transfusions can be beneficial to mitigate this risk. 
Here, we present a case with severe transfusion-dependent PRCA 
following major ABO-incompatible allo-HSCT successfully treated 
with daratumumab.
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Introduction

Pure red cell aplasia (PRCA) is a rare disorder with an estimat-

ed incidence of approximately one to two cases per million per 
year [1]. Defined by persistent anemia, reticulocytopenia, and 
a bone marrow devoid of erythroid precursors, PRCA is also a 
well-recognized complication of patients undergoing major or 
bidirectional ABO-incompatible allogenic hematopoietic stem 
cell transplants (allo-HSCT), where the incidence ranges from 
7.5% to 30% [2]. As PRCA is mediated by the persistence of 
high anti-donor isohemagglutinins directed against erythroid 
precursors [3], patients undergoing major/bidirectional allo-
HSCT with reduced intensity conditioning regimens are at in-
creased risk of post-transplant PRCA.

Although PRCA can resolve spontaneously without in-
tervention, many patients develop transfusion-dependent ane-
mia. This may result in a significant need for long-term red 
blood cell transfusion support and iron overload-associated 
morbidity. While standardized PRCA treatment has yet to be 
established, corticosteroids and/or rituximab are convention-
ally employed as first-line therapy [4]. Additional modalities 
including erythropoietin analogues, plasmapheresis, anti-thy-
mocyte globulin, bortezomib, and donor lymphocyte infusions 
have also been used with variable success [5, 6].

More recently, emerging data have shown daratumumab, 
an anti-CD38 monoclonal antibody that targets plasma cells, 
to have encouraging efficacy in patients with refractory PRCA 
[7-12]. Due to the rarity of this complication, reports have 
been limited primarily to case studies and case series. Herein, 
we present another successful case of daratumumab in the 
treatment of major ABO-incompatible allogeneic-HSCT in-
duced PRCA refractory to the use of conventional therapeutic 
options.

Case Report

A 61-year-old man presented with asymptomatic but progres-
sive thrombocytopenia. Bone marrow (BM) aspiration/biopsy 
showed hypercellular marrow (about 99%) with dysmegakary-
opoiesis, approximately 5% interstitial blasts, and absent iron 
stores. Cytogenetic analysis revealed an intermediate risk kary-
otype 47,XY,+8[11]/47,XY,+der(1;13)(q10;q10)[9]/46, XY[1] 
and fluorescent in situ hybridization (FISH) detected trisomy 
8. Next-generation sequencing (NGS) identified ASXL1 (vari-
ant frequency 38%), NRAS (9%), U2AF1 (46%), ETV6 (49%), 
and FLT3 (40%). Based on the Revised International Prognos-
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tic Scoring System (IPSS-R), he had a score of 5 (trisomy 8 
= 2, 5% blasts = 2, platelets < 50 × 103 = 1) which was most 
compatible with high-risk myelodysplastic syndrome (MDS) 
for which an allogeneic transplant was planned.

Pre-transplant, the patient was treated with four cycles 
of azacitidine and venetoclax. Since his restaging BM biop-
sy revealed increased blasts (7%) and persistent cytogenetic 
abnormalities, the patient subsequently received one cycle 
of CPX-351 (Vyxeos). He achieved morphologic remission 
as characterized by < 5% blasts. The patient then underwent 
transplantation with a peripheral blood stem cell (PBSC) graft 
from a 10/10 matched unrelated donor with major ABO in-
compatibility (recipient O+, donor A-).

A reduced intensity conditioning regimen was utilized 
with fludarabine 30 mg/m2 on days -6 to -2, anti-thymocyte 
globulin on days -3 to -1, and melphalan 140 mg/m2 on day -1. 
His PBSC graft was comprised of 6.0 × 106 CD34+ cells and 
1.12 × 108 CD3+ T-cells. Graft-versus-host disease (GVHD) 

prophylaxis included methotrexate on days +1 (15 mg/m2), 3, 
6, and 11 (10 mg/m2) as well as tacrolimus, which was initi-
ated on day -2 with goal blood levels of 5 - 15 ng/mL. Neu-
trophil and platelet engraftment occurred on day +28. BM bi-
opsy on day +30 was consistent with a complete remission as 
demonstrated by a hypocellular marrow with trilineage hemat-
opoiesis, normal karyotype, negative minimal residual disease 
(MRD) assessment, negative MDS FISH, negative NGS panel, 
and donor chimerism of 99.67%.

The patient had slow red blood cell (RBC) engraftment 
with persistent anemia, however. He required type O blood 
transfusions approximately twice weekly to maintain hemo-
globin levels of > 7 g/dL. Restaging BM biopsy at 3 months 
was MRD negative and showed no evidence of leukemia or 
dysgranulopoiesis, but there was evidence of persistent eryth-
roid hypoplasia (Fig. 1a-c). There was no evidence of parvo-
virus in the marrow. Furthermore, his lactate dehydrogenase 
level was low, the direct antiglobulin test was negative with 

Figure 1. The effect of pure red cell aplasia on patient’s BM: BM obtained on day +100 post allo-HSCT, and prior to starting treat-
ment for PRCA. (a) Hematoxylin and eosin stain (magnification: × 100) showing decreased erythroid elements. (b) E-cadherin 
stain which highlighted decreased erythroid precursors (< 5% of total cells) with limited colony formation (magnification: × 200). 
(c) Myeloperoxidase stain which showed marked predominance of maturing granulocytic precursors (magnification: × 200). Allo-
HSCT: allogenic hematopoietic stem cell transplant; BM: bone marrow; PRCA: pure red cell aplasia.
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polyspecific antisera, and there was no laboratory or clinical 
evidence of hemolysis that may have contributed to persistent 
anemia. Anti-A isohemagglutinin titers were requested, which 
were performed manually by tube technique with group A1 
cells at room temperature (for presumed immunoglobulin (Ig)
M antibody) and by indirect antiglobulin test (for presumed 
IgG antibody). Although no pre-transplant baseline titers were 
available for comparison, the patient’s current anti-A IgG ti-
ter of 1:1,024 was considered elevated. Thus, the diagnosis of 
post-transplant PRCA was made. The patient was started on 
prednisone 1 mg/kg on day 96 (Fig. 2). Despite 2 weeks of 
treatment, his hemoglobin levels continued a downward trend, 
and he required ongoing transfusion support. He was then 
transitioned to weekly rituximab 375 mg/m2 on day +117 and 
completed a total of six doses, also without improvement in his 
transfusion requirements or his anti-A antibody titers. On day 
+146, after four treatments of rituximab, prednisone and tac-
rolimus doses were increased as he was experiencing worsen-
ing diarrhea, concerning for grade 2 acute GVHD. He was able 
to successfully taper off prednisone and tacrolimus on days 
+160 and +175, respectively, with resolution of acute lower 
gastrointestinal (GI) GVHD, but his transfusion-dependent 
anemia persisted. Day +180 BM showed persistent red cell 
aplasia (Fig. 3a-c).

The urgency to correct the patient’s PRCA intensified due 
to the significant secondary biochemical and liver iron over-
load observed on imaging. This was in the setting of multiple 
transfusions and the patient’s known HFE gene heterozygosity 
status. Therefore, the patient was started on off-label daratu-
mumab 16 mg/kg/dose on day +209. After 2 weekly infusions, 
the patient had a noticeable improvement of his reticulocyte 
count percentage from 0.2% to 1.2%, which also correlated 
with a decrease in frequency of transfusion requirements. A 

repeat anti-A IgG titer remained elevated at 1:1,024 approxi-
mately 3 weeks after the last daratumumab dose. However, the 
titer was likely confounded by daratumumab interference on 
antibody testing, as red blood cells also express CD38, and 
reagent red cells were not treated with dithiothreitol to remove 
cell surface CD38. Irrespective of antibody titer measure-
ments, there were noticeable improvements of his hemoglobin 
and reticulocyte measurements.

The patient ultimately achieved transfusion independ-
ence 1 month after the last treatment with daratumumab. His 
hemoglobin improved from a pre-treatment baseline of 6.6 g/
dL to 8.1 g/dL and 10.4 g/dL 1 month and 3 months after his 
last dose of daratumumab, respectively. Thus, improvement 
in the patient’s anemia, recovery of reticulocyte counts, and 
resolution of transfusion requirements were all indicative of 
a response to daratumumab. To date, he remains transfusion 
independent with a 1-year post-transplant hemoglobin of 12.9 
g/dL. Restaging BM was aspiculate with a limited core but 
showed hypocellular marrow with erythroid predominance. 
The patient remains on oral iron chelation for secondary iron 
overload.

Discussion

Despite the rarity of PRCA, the incidence of developing PRCA 
after allo-HSCT remains significantly high [2]. Patients under-
going allo-HSCT, especially with reduced intensity condition-
ing and/or major ABO-incompatibility, are at risk for delayed 
RBC recovery and PRCA [3]. Pathophysiologically, recipient 
plasma cells are likely to survive the reduced intensity cyto-
toxic agents and continue to secrete antibodies against incom-
patible blood type antigens [13]. In our case, our recipient was 

Figure 2. Chronological timeline of patient’s hemoglobin and reticulocyte percentage post allo-HSCT. It highlights the response 
with various modalities. Allo-HSCT: allogenic hematopoietic stem cell transplant; BM: bone marrow; Hgb: hemoglobin; PRCA: 
pure red cell aplasia; Retic: reticulocyte.
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blood type O+ while the donor was blood type A-, thereby cre-
ating a major histocompatibility issue. The recipient continued 
to produce anti-A antibodies at elevated titers, which inhibited 
the proliferation and growth of erythroid precursors.

Management of persistent PRCA has traditionally re-
volved around the use of corticosteroids. With the introduc-
tion of novel immunotherapeutic and targeted agents for vari-
ous hematological disorders, some of these agents have also 
been utilized in the management of PRCA, specifically, those 
refractory to corticosteroids with varying degrees of success. 
Rituximab, an anti-CD20 monoclonal antibody, was intro-
duced for its ability to inhibit residual host B lymphocytes. 
In the most comprehensive review to date, Longval et al [6] 
retrospectively analyzed the use of rituximab in 17 cases of 
refractory PRCA. With a median duration of 71 days, transfu-
sion independence only occurred in approximately half of the 
patients. Notably, the study did not find a significant reduction 
in PRCA period when comparing rituximab-treated patients to 

untreated patients (P = 0.62). Similarly, Griffith et al described 
several patients with PRCA following major ABO-incompat-
ible HSCT who had persistent anti-donor isohemagglutinins 
despite converting to full donor B lymphocyte chimerism [13]. 
This suggests that host plasma cells may play a more dominant 
role than host B lymphocytes in the production of anti-donor 
isohemagglutinins. Additionally, bortezomib [14], a 26S pro-
teasome inhibitor, and ibrutinib [15], a BTK inhibitor, have 
limited case reports or case studies demonstrating efficacy 
with approximately 4 weeks of treatment. However, these two 
agents have considerable risk profiles that may restrict their 
application for some patients, specifically in the post-trans-
plant setting. Other treatment modalities described in the treat-
ment of refractory PRCA cases have included erythropoietin-
stimulating agents, donor lymphocyte infusion, complement 
inhibition, and other investigational agents [16].

Daratumumab was first described as an effective treatment 
for multiple myeloma given overexpression of CD38 on cell 

Figure 3. The effect of pure red cell aplasia on patient’s BM: BM obtained on day +184, after treatments with prednisone and 
rituximab. (a, b) Hematoxylin and eosin and E-cadherin stain re-demonstrating overall decreased erythroid elements accounting 
for < 10% of total cells and small colonies (magnification: × 200). (c) Myeloperoxidase stain continues to show predominance of 
maturing granulocytic precursors (magnification: × 200).
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surface of myeloma-based plasma cells [17]. In the setting of 
allo-HSCT induced PRCA, daratumumab has been postulated 
to selectively target and suppress plasma cell clones respon-
sible for alloimmunization. Some common features emerge 
when comparing various cases [7-12] utilizing daratumumab 
in post-transplant PRCA. Most patients were at least 6 months 
or more post-transplant with persistent packed red blood cell 
(PRBC) transfusion dependence. The diagnosis of PRCA was 
made given full donor chimerism, lack of or only mild-mod-
erate GVHD, absence of active infection, elevated or rising 
isohemagglutinin titers, and patients had failed multiple prior 
conventional modalities. Lastly, most cases showed a brisk re-
ticulocyte count response within one to three weekly dose(s) 
of 16 mg/kg of daratumumab. Our case follows a similar pat-
tern as reported by Martino et al [7], Asawapanumas et al [8], 
and Rautenberg et al [9], whereby the patient maintained a du-
rable response with only two doses of daratumumab. These 
observations suggest that only a short course daratumumab 
may be sufficient to induce a durable response if a brisk reticu-
locyte response is seen, and additional doses can be reserved 
for cases where inadequate responses are observed. However, 
the possibility or contribution of spontaneous recovery can-
not be entirely excluded in our case, as PRCA often behaves 
as a self-limiting condition [4]. Of note, there are signals of 
other potential mechanistic effects of daratumumab, possibly 
related to its involvement in reducing CD38-positive immune 
suppressor cells, including regulatory T cells and natural killer 
cells [18-20]. For example, reports have associated post-HSCT 
daratumumab with low incidence of GVHD [18] and treatment 
of post-HSCT autoimmune-like hepatitis [21].

In conclusion, we present a case with severe transfusion-de-
pendent PRCA following major ABO-incompatible allo-HSCT 
successfully treated with daratumumab. With the increased 
utilization of HSCT in both malignant and nonmalignant dis-
eases, the incidence of PRCA may continue to rise. Our report 
reinforces the utility of daratumumab for treatment of refractory 
post-transplant PRCA. Future consideration of a prospective 
study is indicated to confirm the efficacy of this treatment.
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