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Chronic granulomatous disease (CGD) with McLeod neuroacanthocytosis syndrome (MLS) is a contiguous gene deletion disorder characterized by defective phagocytic function and decreased Kell antigen expression. CGD cure is achieved through hematopoietic stem cell transplant (HSCT) usually in the peri-pubescent years. The presence of MLS makes peri-transfusion support complex, however. Herein, we present the youngest known case of HSCT for CGD in the setting of MLS. A 2-year-old male patient was diagnosed with CGD plus MLS. Due to the severity of the child’s systemic fungal infection at diagnosis, HSCT was deemed the best treatment option despite his small size and age. A related, matched donor was available, and a unique red blood cell support plan had been implemented. Reduced-intensity conditioning was used to reduce the transplant-related mortality risk associated with myeloablative protocols. The transplant course was uneventful; autologous red blood cell (RBC) transfusion support was successful and allowed for the avoidance of possible antibody formation if allogeneic units had been used. The patient achieved 1-year relapse-free survival. The developed protocols provide a viable path to transplant in the very young, and early transplant to cure could reduce disease-related morbidity.
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Introduction

The most common form of chronic granulomatous disease (CGD) is the result of pathologic variation in the CYBB gene located on the short arm of the X-chromosome (1). Adjacent to the CYBB gene is the XK gene, whose concurrent deletion can result in the contiguous gene deletion disorder, McLeod neuroacanthocytosis syndrome (MLS) (1, 2). Together, these syndromes occur almost exclusively in male individuals and are characterized by recurrent bacterial and fungal infections due to defective phagocyte function, decreased expression of the Kell antigen system, which is covalently linked to the XK gene product (Kx) on red blood cells (RBC), and late-onset neurodegenerative sequelae (1, 3, 4).

Currently, the only cure for CGD is allogeneic hematopoietic stem cell transplant (HSCT) (5). Timing to transplant remains center dependent and is based on factors including patient size, donor graft source and availability, and the health of the patient (6). Improvement in antibiotic and antimycotic prophylactic regimens has improved patient survival, allowing HSCT to be delayed until patients develop infections that are chronic or refractory to medical management (5, 7). MLS adds a layer of complexity when considering HSCT. Transfusion support is required peri-transplant, which can result in the development of clinically significant alloantibodies (anti-Kx and anti-Km) (8) due to the patient’s lack of the Kx and reduced Kell antigen expression, antigens almost universally found on donor blood products (9).

We report on the youngest known case of related allogeneic HSCT to cure CGD in a male patient with CGD and MLS and the unique strategies used to achieve successful transplant with alloimmunization avoidance.



Case report

Following a history of multiple infections starting 2 months after birth, including ruptured appendicitis at 22 months, a 2-year-old male patient presented with new-onset Nocardia lymphadenitis and multiple cavitary lung nodules. CGD was diagnosed following an abnormal oxidative burst assay using dihydrorhodamine. Subsequent chromosomal microarray studies confirmed the loss of a 1.1-Mb region in Xp21.1-p11.4. The deleted region included XK and the CYBB genes, confirming the diagnosis of X-linked CGD with MLS. Following maternal testing, this was determined to be a de novo mutation. Due to the severity of the patient’s immunodeficiency and disseminated Nocardia infection, allogeneic HSCT was deemed the best option for long-term survival (5).

An unaffected sibling was identified as a 10/10-matched, ABO-matched donor. The patient had remained transfusion naïve throughout his life with negative antibody screens. The hospital transfusion service was consulted early in treatment planning to determine the best transfusion strategy peri-transplant. The decision was made to contact the rare blood donor program in an attempt to find CGD with MLS-compatible RBC units to avoid possible sensitization risk to the Kell blood group system. The transfusion service was notified that compatible RBC units were not currently available and a suitable donor could not be identified. The risk of alloimmunization from non-MLS compatible units could complicate the post-transplant course (9–11), so an autologous whole blood donation program was developed by the transfusion service in conjunction with a local blood supplier to collect and freeze autologous units for a child of this size (~11 kg).

Four autologous 110-ml (≤10.5 ml/kg) whole blood donations were performed over 15 weeks at a pediatric in-hospital blood donation center. Pre-donation hemoglobin and hematocrit were checked either through the core lab or using the HemoCue (Brea, CA, USA). Samples from each donation were cultured: aerobic (0.5 ml), anaerobic (3 ml), and fungal (1.5 ml). Fungal testing was completed out of an abundance of caution due to the patient’s systemic nocardiosis, and the samples were held for 21 days to ensure adequate time for growth. The remaining approximately 100 ml of blood was labeled following standard International Society of Blood Transfusion (ISBT) guidelines and sent to an outside facility for processing, freezing, and storage using the Haemonetics ACP-215 (small-volume autologous red blood cell collection procedure previously documented (12)).

The preparatory transplant regime included daratumumab (×3 doses) and rituximab (×1 dose) to reduce the risk of RBC alloimmunization if autologous transfusion failed and during stem cell transplant. This was followed by reduced-intensity non-myeloablative chemotherapy modeled after recommendations from the 2014 reduced-intensity conditioning (RIC) study for human leukocyte antigen (HLA)-matched HSCT in patients with CGD, including high-dose fludarabine (30 mg/m2/dose; one dose per day on day −7 to −2), intravenous busulfan (area under the curve: 63.2 mgL × h; days −5 to −3), and rabbit-ATG (2.5 mg/kg one dose per day on days −4 to −2) (13). The bone marrow harvested graft was processed through the Optia Apheresis System (Terumo BCT, Lakewood, CO, USA) to reduce the allogeneic RBC burden. Erythropoietin (100 U/kg/dl) and iron supplementation were administered 7 days prior to HSCT to increase autologous RBC volume. On day +1 post-transplant, weekly recombinant human erythropoietin (rEPO) (600 U/kg/dl) was initiated × 4 weeks to accelerate RBC engraftment (Figure 1). The patient’s post-transplant RBC transfusion threshold was reduced to ≤6.0 g/dl while asymptomatic in an attempt to reduce transfusion frequency. Phlebotomy for laboratory testing was reduced to every other day to moderate iatrogenically induced anemia.




Figure 1 | Patient pre and post transplant timeline relative to Day 0.



Two 5-ml/kg autologous RBC transfusions were required on day +11 and day +13 post-transplant (Hb < 6.0 g/dl). Autologous RBC units were thawed using a Haemonetics protocol modified for small volumes before transport to the pediatric hospital blood bank. As the Haemonetics ACP-215 is a closed system, units were labeled with a 2-week expiration date. Transfusion was completed following standard hospital blood infusion protocols. Both were tolerated without reaction, and on day +15, hemoglobin values began to increase. Platelet support was not necessary peri-transplant.

Neutrophil engraftment occurred by 23 day post-transplant (Figure 2), and normal neutrophil oxidative burst was demonstrated by dihydrorhodamine assay. A PCR-based short tandem repeat sorted chimerism assay on day +64 indicated complete donor cell engraftment of the myeloid cell lineage with incomplete engraftment of the lymphoid lineage (21%). The patient remains free from relapse over 1-year post-transplant with continued mixed chimerism of the lymphoid cell line (65%) and no evidence of graft-versus-host disease (GVHD). The patient has discontinued anti-microbial prophylaxis and begun vaccine re-immunization.




Figure 2 | Select blood count values pre and post-transplant relative to Day 0.





Discussion

In the past, most successful HSCT in patients with CGD has been achieved using HLA-matched related donors in conjunction with myeloablative conditioning regimes (5, 7). RIC has been previously explored with mixed results (14, 15). Due to the patient’s ongoing Nocardia infection, the increased requirement for blood transfusions, and the transplant-related mortality (TRM) risk associated with myeloablative regimes (5), a RIC program was chosen.

A RIC regime was not without risk: recipient plasma cells are known to survive RIC protocols (16). Post-transplant, these recipient plasma cells may continue to produce antibodies if previously sensitized resulting in delayed or even failed engraftment or can become sensitized post-transplant due to the survival and priming of recipient T cells either during transfusion or in response to the graft (10). Kordes et al. previously reported on a case with this suspected mechanism (10). Late post-transplant hemolysis, suspected from the formation of anti-Kx and anti-Kell antibodies by non-ablated recipient B-cells, led to chronic, life-threatening hemolysis requiring years-long transfusion support. Allogenic transfusion of our patient peri-transplant would have exposed him to Kx and Kell antigens, putting him at risk for similar antibody formation. The antigens found on the matched bone marrow transplant (BMT) also present an alloimmunization risk from the Kx and Kell antigens.

A pre-conditioning regime using rituximab to deplete B cells and daratumumab to inhibit plasma cells was used to try to blunt the immune antibody response and reduce alloimmunization risk (11). rEPO was used early to increase hematocrit during conditioning as well as enhance repopulation of the erythroid cell line post-allogeneic transplant (17). Four autologous RBC components were collected over 15 weeks to ensure an adequate number of available units. The strategy to freeze autologous RBC units for peri-transplant pediatric RBC support has been used previously (15), but never on a child of this size (~11 kg). Transfusion in this case was uneventful with no documented hemolysis and no known antibody formation to date.

The transplant course was uneventful. Hematologic reconstitution occurred promptly, and alloimmunization was not observed. While it is unclear which modifications to the standard transplant course contributed most to this success and this has only been completed on a single patient, this nonetheless demonstrates that CGD with McLeod patients can be safely and successfully transplanted much earlier than currently practiced.

The development of an autologous red cell unit collection procedure for the very small could serve a wider population. Small patients with rare blood types, including Bombay or k-antigen negative phenotypes, could benefit from being able to self-donate and cryopreserve units for future procedures, including transplants, to avoid future alloimmunization. This could be an important alternative RBC source for these patients, as the rare blood registry does not always have compatible units available, as in our case, and may not provide them to an unsensitized individual in an effort to protect the resource. Autodonation could also prove beneficial for patient groups with partial Rh blood group system antigens whose only antigen matches may be family members. Once rare blood group antibodies have formed, autocollection may be the only option for compatible units, but this option has traditionally been relegated to individuals over 110 pounds. This protocol would provide alternatives to avoid further alloimmunization and possibly life-threatening hemolytic events.
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