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Abstract 
 

Matched related or unrelated donor allogeneic hematopoietic cell transplantation 

(HCT) has occasionally been applied in patients with severe congenital 

dyserythropoietic anemia (CDA) type II and proven to be curative. We report on 

the first patient with CDA to undergo haploidentical bone marrow transplantation 

with post-transplant cyclophosphamide. A twelve-year-old male with severe 

hemosiderosis, and a, consequently, disturbed bone marrow microenvironment, 

developed recurrent graft failures and required salvage with two additional 

haploidentical HCTs. He achieved complete donor chimerism and transfusion 

independence after the third HCT. Our case underscores the risks associated with 

performing haploidentical HCT in older pediatric patients with CDA and severe 

chronic iron overload.  
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Introduction 
 

Congenital dyserythropoietic anemias (CDA) are a group of rare hematologic 

disorders associated with ineffective erythropoiesis. Severe forms of the disease 

lead to transfusion dependence and secondary hemochromatosis requiring 

aggressive chelation therapy. In such patients, there have been limited reports of 

matched related and unrelated hematopoietic cell transplants (HCT) being 

curative. We report on the first patient with CDA to undergo a haploidentical bone 

marrow transplant with post-transplant cyclophosphamide. However, due to 

recurrent graft failures, he required salvage with two additional haploidentical 

HCTs eventually achieving complete donor chimerism and transfusion 

independence. 

 

 

Case Presentation 
 

A 12-year-old Hispanic male with chronic normocytic, normochromic anemia and 

a low (<1%) reticulocyte count was transfusion dependent since infancy. The 

diagnosis of CDA type II was established in early childhood based on hypo-

proliferative anemia, jaundice, bone marrow hypercellularity (100%) with absolute 

erythroid hyperplasia and marked dyserythropoiesis including more than 10% of 

binucleated forms (Figure 1). Genetic testing was negative for known CDA 

associated mutations.  At 11 years of age, he began requiring red cell transfusions 

every 2 weeks in order to maintain his hemoglobin levels above 8 g/dL. Oral 

chelation with deferasirox 720mg (28 mg/kg Jadenu), was insufficient in controlling 

his ferritin levels, which increased to 2133 ng/mL nine months prior to his bone 

marrow transplant with worsening liver hemosiderosis documented by MRI. He 

consistently complained of fatigue which led to poor school performance, had 

significant failure to thrive (<0.1% for both height and weight) resulting in poor self-

esteem and social isolation. The family had requested a BMT over a period of 

many years and multiple searches were performed without finding an unrelated 



donor or a partially HLA matched cord blood unit of sufficient size. Due to the 

severity of his disease he was referred for consideration of haploidentical HCT by 

his primary hematologist. In preparation for HCT, weekly inpatient intravenous 

chelation with deferoxamine (40 mg/kg day) was added to his oral treatment. This 

aggressive chelation regimen was continued until his ferritin levels declined to 

around 100 ng/mL and HCT was performed.  

 

The patient was screened for anti-HLA antibodies and was found to be negative. 

After informed consent and patient assent was obtained, he underwent 

conditioning with busulfan 0.8 mg/kg q 6 hr x 10 doses (pharmacokinetically based 

to achieve an area under the curve of 1000 µMol x min), fludarabine 30 mg/m2 daily 

x 4, and melphalan 100 mg/m2. He then received a T-replete bone marrow 

transplant with 8.14 x 106 CD34+ cells/kg from his father. This was followed by 

post-transplant cyclophosphamide 50 mg/kg on days +3 and +4.  Tacrolimus, 

mycophenolate mofetil and G-CSF were started on day +5 (Table).  He initially 

demonstrated evidence of myeloid engraftment, achieving an absolute neutrophil 

count (ANC) of 0.12 x 109/L on day +16 and 62% donor chimerism on day +19, but 

subsequently developed graft failure with an aplastic bone marrow on day +30. He 

was then given a salvage conditioning regimen 35 days after his initial BMT 

consisting of thiotepa 5 mg/kg, fludarabine 30 mg/m2 daily x 4, cyclophosphamide 

60 mg/kg, rabbit anti-thymocyte globulin (ATG) 0.5, 2, and 2 mg/kg, and 700 cGy 

of total lymphoid irradiation prior to a second haploidentical peripheral blood cell 

transplant, this time from his mother[1].  The stem cell infusion consisted of 9.32 x 

106/kg CD34+ selected cells but contained 2.9 x 103/kg CD3+ T cells remaining in 

the product following the positive selection.  He demonstrated evidence of early 

engraftment, achieving an ANC of >0.5 x 109/L by day +11, peaking on day +13 

with 7.53 x 109/L and 100% donor chimerism.  However, his ANC dropped back 

down to 0 by day +25. A third haploidentical transplant was performed (29 days 

after the second) without additional conditioning.  He received 9.64 x 106/kg CD34+ 

selected maternal cells with 2 x 106/kg additional CD3+ T cells to enhance 

engraftment. Graft-versus-host disease (GvHD) prophylaxis consisted of 



cyclosporine A and mycophenolate mofetil. G-CSF was started on day +1.  Durable 

donor trilineage hematopoiesis was achieved (Figure 2) with chimerism studies at 

days +30, 60, 100 180 and 1-year after the third HCT, confirming complete donor 

engraftment (Figure 3). The patient has been red cell transfusion independent 

since engraftment of the third HCT with a 20-month follow-up. He continues regular 

phlebotomies for his chronic hemosiderosis. Not unexpectedly, with the infusion of 

haploidentical T cells, he developed extensive chronic graft-versus-host disease 

(cGvHD) with ocular, oral, upper and lower gastrointestinal and skin involvement, 

which is slowly improving with immunosuppressive therapy.  

 

 
 

Discussion 
 

A handful of case reports have been published on use of HCT for CDA, which 

include one adult and 12 pediatric patients[2-12].  All of the pediatric cases were 

younger than our patient at the time of HCT, with the majority being under 5 years 

old.  Most patients had CDA type II and received matched related donor BMT.  

Only two pediatric cases and one adult patient with CDA III received matched 

unrelated BMT. Conditioning regimens in these reports varied but mainly included 

busulfan, cyclophosphamide, ATG and, less frequently, fludarabine, melphalan or 

thiotepa.  A recent retrospective study from the European Society for Blood and 

Marrow Transplantation reviewed 39 adult and pediatric cases of CDA receiving 

related or unrelated HCT from 1996-2016 from various countries[13].  The median 

age for patients receiving matched sibling donor HCT was 4 years compared to 7 

years in those having unrelated donors. The type of CDA was unknown in 35% of 

cases while 33% had CDA II.  Mutation analysis was negative in 62% and not 

available in 15%. As in most of the case reports, conditioning was busulfan based 

but included fludarabine, cyclophosphamide and/or melphalan. Of interest is that 

21% of patients had secondary graft failure that appeared to be associated with 

the degree of iron overload, especially in the unrelated setting. Moreover, severe 



acute GvHD and cGvHD was higher in unrelated HCT with iron overload compared 

to matched sibling donor without.  

 

We describe the first case of a haploidentical bone marrow transplantation in a 

patient with severe CDA. Our patient received busulfan, fludarabine and melphalan 

conditioning, a frequently used regimen at our institution for haploidentical bone 

marrow transplantation, followed by post-transplant cyclophosphamide[14].  After 

initial graft failure, a salvage preparative regimen was given followed by G-CSF 

mobilized peripheral blood CD34+ selected cells from the other parent resulting in 

100% donor engraftment with a normal ANC. This, however, only lasted for two 

weeks with ensuing secondary graft failure. As the patient would not tolerate 

additional conditioning, it was decided to use maternal CD34+ selected peripheral 

blood stem cells again, but with the addition of T-cells to enhance engraftment. 

Informed consent was again obtained for the third HCT after discussing the risks 

of acute and chronic GvHD with the family.  

 

Haploidentical HCT for hematologic disorders has been associated with higher 

graft failure rates than matched related or unrelated transplantation[15]. A healthy 

bone marrow microenvironment is of paramount importance in allowing and 

sustaining hematopoietic cell engraftment after HCT. Chronically transfused 

patients such as ours with significant bone marrow hemosiderosis have impaired 

hematopoietic supportive capacity and are at increased risk for graft failure[16]. 

Despite eventual successful engraftment after a third HCT resulting in transfusion 

independence, our case underscores the risks associated with performing a 

haploidentical HCT in an older pediatric patient with CDA and severe chronic iron 

overload.  

  



Figure Legends 
 
 

 
Figure 1.  Bone marrow aspirate (A) and core biopsy (B) prior to HCT.  The marrow 

is hypercellular and shows ineffective erythropoiesis manifested by less than 1% 

reticulocyte count and transfusion dependent anemia.  There is marked 

dyserythropoiesis and more than 10% of the erythroid progenitors are binucleated 

and multinucleated forms.  In conjunction with the clinical features, the findings 

support the diagnosis of Congenital Dyserythropoietic Anemia, type II.  In addition, 

there is marked iron overload manifested by numerous hemosiderin-laden 

macrophages.  (Wright-Giemsa stained smears and H&E).   

 

Figure 2.  Bone marrow aspirate and core biopsies after each of the three HCT.  

A&B, after the first transplant.  Note, the marked bone marrow hypocellularity, 

stromal damage and lack of hematopoietic progenitors consistent with graft failure.  

C&D, after the second transplant, the marrow is still hypocellular and the normal 

hematopoiesis is virtually absent.  E&F, note the recovering erythroid, myeloid, 

and lymphoid progenitors and improving marrow cellularity (Wright-Giemsa 

stained smears and H&E).   

 

Figure 3.  Peripheral blood and bone marrow donor chimerism kinetics after each 

of the three HCTs. *=2nd HCT, **=3rd HCT 
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