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Cytopenia is a common side effect after chimeric antigen receptor T cell (CAR-T) therapy but is unusual at late timepoints when it is most commonly due to bone marrow (BM) failure, myelodysplasia (MDS) or other secondary malignancies. In this case report, we describe a patient who developed severe aplastic anaemia 18 months after CD19 CAR-T therapy, and shortly after COVID-19 vaccination. This is the first description of severe aplastic anaemia triggered by COVID-19 vaccination as a cause of post-CAR-T cytopenia. The patient described was treated with a combination of eltrombopag and ciclosporin due to frailty and had a rapid and complete clinical response to this therapy, providing an effective option for the treatment of immune-related cytopenia post-CAR-T in an increasingly elderly and frail population.
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Introduction

COVID-19 vaccination has been linked to the development of a number of rare haematological conditions, but an association with immune-mediated bone marrow (BM) failure is less well established. Rare case reports describing this phenomenon are reported across vaccine formulations in patients without prior haematological history and in those who responded variably to immunosuppressive therapy, with some patients requiring allogeneic stem cell transplant (HSCT) rescue (10–16). To date, this phenomenon has not been described in the context of chimeric antigen receptor T cell (CAR-T) therapy. In this case report, we describe a patient who developed severe pancytopenia 18 months after CD19 CAR-T therapy and shortly after COVID-19 vaccination. This is the first description of a case of severe aplastic anaemia (AA) as a cause of late-onset post-CAR-T cytopenia, where a combination immunosuppressive treatment with eltrombopag and ciclosporin resulted in rapid clinical improvement without the need for an allogeneic stem cell transplant. The success of this strategy will be of interest to clinicians managing an increasingly frail and elderly population with improved survival after CAR-T therapy.





Case description

A 69-year-old woman with relapsed/refractory (r/r) Philadelphia chromosome-positive B-cell acute lymphoblastic leukaemia (B-ALL) successfully treated 18 months prior with CD19-directed CAR-T therapy presented with bruising and new-onset severe pancytopenia in June 2023.

Diagnosed in 2019, she was initially treated in the UKALL60+ trial with a very good MRD response. She was consolidated with reduced-intensity matched unrelated donor HSCT in the ALL-RIC trial in August 2019. Peri-transplant complications included pulmonary oedema and atrial flutter. Post-transplant, she developed grade II acute and then chronic skin graft-versus-host disease (GVHD) which was managed successfully with topical and oral steroids followed by ruxolitinib. She was off all immunosuppression by March 2021.

In September 2019 (1 month post-transplant), her chimerism analysis showed 100% donor chimerism in T cells and 95% donor chimerism in granulocytes. By November 2019 (3 months post-transplant), her T cell chimerism remained 100% but she had a slight drop in granulocyte donor chimerism (88%) and mixed chimerism was observed in B cells (81%). However, at 6 months post-transplant, her chimerism analysis was 100% in all three cell lineages and remained so until last checked in May 2021.

She received imatinib for a minimal residual disease (MRD) relapse in late 2019, but subsequently switched to nilotinib due to drug intolerance, and later to dasatinib in 2021 following a rise in MRD. A BM biopsy in mid-2021 confirmed morphological relapse with 37% blasts.

In July 2021, at 2 years post-transplant and prior to CAR-T therapy, her immunoglobulin G level remained low (3.86g/L) with normal immunoglobulin A (1.35g/L) and immunoglobulin M (0.40g/L) levels. Her CD19 levels were normal (0.419x10^9/L) and CD3 and CD4 levels were low (0.45x10^9/L, 0.33x10^9/L).

She received CAR-T therapy in a clinical trial in November 2021, achieving molecular remission at month 1, which was ongoing at month 18, at which point she did not require blood or platelet transfusion support. As expected, she became immunodeficient post-CAR-T. CAR-T persistence and B cell aplasia were ongoing at month 18 post-CAR-T. Her absolute CD19 count in June 2023 was 0.00x10^9/L, CD3 absolute count was low at 0.27x10^9/L, and CD4 absolute count was 0.13x10^9/L. Immunoglobulin G levels were low in the initial post-CAR T period but, by time of presentation in June 2023, had recovered to 5.70g/L.

Two weeks following her 18-month remission BM biopsy and 10 days following a booster dose of the Pfizer-BioNTech mRNA SARS-CoV-2 vaccine on 5th June 2023, she presented with spontaneous bruising, fatigue, and shortness of breath and was admitted to hospital. Her COVID-19 vaccination history included an initial two doses of the Pfizer BioNTech vaccine in January and April 2021. Her COVID-19 serology was negative following these initial doses, suggesting no antibody response, but became positive in September 2021 following a COVID-19 infection pre-CAR-T therapy. A third vaccine dose was administered immediately prior to CAR-T therapy in October 2021 without adverse events. In March, May, and December 2022 she had three further doses of the Pfizer BNT vaccine.

A full blood count (FBC) demonstrated severe pancytopenia (haemoglobin, 65g/L; mean corpuscular volume (MCV), 109.4; reticulocytes, 0.33%; total white cell count, 0.37 x109/L; neutrophils, 0.01x109/L; lymphocytes 0.29 x109/L; monocytes 0.02 x109/L; eosinophils 0.05 x109/L; basophils 0.00 x109/L; platelets, 2x109/L; immature platelet fraction, 2.7%) (Table 1) and a blood film showed pancytopenia with anisopoikilocytosis. Lactate dehydrogenase, Vitamin B12, and red cell folate levels were within normal range, and an autoimmune antibody panel was negative. Parvovirus IgG and IgM were positive and negative respectively (indicating prior exposure), and viral PCR testing was negative for parvovirus, HHV6, EBV, CMV and HIV. Donor chimerism was 100%, flow cytometry for a paroxysmal nocturnal haemoglobinuria (PNH) clone was negative, and blood CAR-T marking indicated stable ongoing CAR-T persistence (5676 copies/ug genomic DNA). Repeat BM biopsies [including next-generation sequencing (NGS)] showed no evidence of leukaemia relapse or myelodysplasia but was severely hypocellular for her age (Figure 1A), consistent with very severe AA as per the British Committee for Standards in Haematology diagnostic criteria (6).


Table 1 | Patient full blood count results at selected timepoints before and after presentation with pancytopenia and after initiation of treatment with eltrombopag.






Figure 1 | Bone marrow trephine at the time of admission with pancytopenia (A) and 5 months later, following treatment with eltrombopag and ciclosporin (B).



Despite supportive care with granulocyte colony-stimulating factor (GCSF), red cell, and platelet transfusions, her FBC did not spontaneously improve. An emergency CD34+ selected, unconditioned stem cell top-up from her HSCT donor was requested, but due to the donor’s ill health, this was repeatedly postponed and ultimately cancelled. A 2nd HSCT from an alternative donor was considered, but the risk of mortality (TRM) was considered too high given her age and frailty. Intensive aplastic anaemia management including anti-thymocyte globulin (ATG) therapy was considered high-risk given the patient’s frail state, and as an alternative, dual therapy with the thrombopoietin (TPO) agonist eltrombopag (150mg once daily) with ciclosporin (75mg twice daily with target levels of 100-300) was commenced (Figure 2) after funding approval was obtained for eltrombopag. Transiently deranged liver function tests precipitated an eltrombopag dose reduction to 100mg once daily. Following a 3-month hospital admission for refractory pancytopenia, combined eltrombopag and ciclosporin resulted in rapid count recovery, discharge from hospital on day 22 of treatment, GCSF independence on day 47, platelet independence on day 59, and red-cell transfusion independence on day 108. At 16 weeks of follow-up, she remained on eltrombopag 100mg once daily and a weaning dose of ciclosporin. Repeat bone marrow biopsies showed normal cellularity and trilineage haematopoiesis (Figure 1B). Eltrombopag was slowly weaned thereafter. An unsuccessful attempt was made to stop eltrombopag in August 2024 due to the recurrence of cytopenia and the patient continues on low dose eltrombopag at last follow up.




Figure 2 | Timeline of cell counts and treatment during the initial 5 months after her presentation with pancytopenia. *Eltrombopag treatment was paused for 4 days due to deranged LFTs. Restarted at 50mg OD and up-titrated to 100mg OD after a further 4 days ** Last dose of GCSF *** Last platelet transfusion **** Last red cell transfusion.







Patient perspective

I woke up in June 2023 and noticed several small purple bruises on my neck, chest and arms. I contacted my haematology support team for advice. On review, and following blood tests, I was advised I would need to be admitted to hospital, the start of my three months stay as an inpatient! I knew the team were doing all they could to find out what was causing my low blood counts, but it was a stressful and worrying time although I tried to stay positive. As I eventually began to stabilise with eltrombopag I started to look forward to being discharged. I continue to take both ciclosporin and eltrombopag daily and make regular maintenance visits to haematology outpatients which is wonderfully reassuring. I have found that my mobility has suffered along with experiencing joint discomfort, but I do not appear to have any adverse reaction to the medication.





Discussion

Immune effector cell-associated haematotoxicity (ICAHT) is the most commonly reported CAR-T therapy side effect in both a clinical trial and real-world setting. Such cytopenia following CAR-T therapy is commonly biphasic; with early and intermittent neutrophil recovery often followed by a further decline in neutrophil count. Some patients, however, have more severe and long-lasting haematotoxicity (1). In conjunction with the expected B cell aplasia and hypogammaglobulinemia after CD19 CAR-T treatment, such haematotoxicity increases the risk of severe infectious complications in these patients. Infections are responsible for the majority of non-relapse mortality after CAR-T therapy (2).

Early cytopenia (day 0-30), often lasting until around day 10, is associated with lymphodepleting chemotherapy and delays in count recovery here are often seen in patients with high-grade CRS. Prolonged or late onset cytopenia is those occurring after day 30 post-CAR-T therapy (3). The pathophysiology of such late onset and/or prolonged cytopenia after CAR-T therapy remains incompletely understood but is likely multi-factorial. A CAR-T therapy patient’s bone marrow HSC reserve will be influenced by the extent of previous cytotoxic chemotherapies, the ageing process, and the presence of age-related clonal haematopoiesis of indeterminate potential (CHIP). Both systemic and local inflammation in the bone marrow microenvironment from CAR-T targeting tumour cells and the release of cytokines and growth factors are thought to contribute to cytopenia (4).

New severe trilineage bone marrow failure at very late timepoints post-CAR-T infusion is less common and should prompt a bone marrow examination. BM failure syndromes and secondary malignancies, particularly treatment-related myeloid neoplasms, should be considered (5).

In this case, our patient was diagnosed with very severe aplastic anaemia. AA is an immune-mediated BM failure syndrome characterised by predominantly T cell-dependent destruction of haematopoietic stem and progenitor cells. In the majority of cases (70-80%), the initiating event is unknown but triggers can include toxins, viral infections, and, rarely, vaccinations (6).

In our case, there was a strong temporal link between the onset of BM failure and the recent administration of COVID vaccination. Since the development of multiple COVID-19 vaccines, there have been reports of haematological complications across all vaccine formulations. A rare vaccine-induced immunothrombotic thrombocytopenia (VITT) syndrome has been described (7), as well as autoimmune haemolytic anaemia and immune thrombocytopenic purpura (8, 9).

In addition, there have been case reports and a small case series describing a link between COVID-19 vaccination and de novo aplastic anaemia. The pathogenic mechanisms by which SARS-CoV-2 vaccine administration may cause severe bone marrow failure are not known although researchers speculate that it may be due to vaccine-induced immune reactions. These case reports have all been in patients without significant prior medical/haematological history across varying vaccine formulations. Patients were treated with varying success with different regimens of immunosuppression (ATG/ciclosporin) (10–12). De novo aplastic anaemia has also been described in relation to the Pfizer-BioNTech mRNA vaccine used in our patient. Tabata et al. reported a case of a previously well male diagnosed with severe AA 4 days after a second dose of the Pfizer-BioNTech mRNA vaccine which was treated to remission with haematopoietic stem cell transplantation (13). Cecchi et al. presented a healthy 76-year-old man who developed AA 1 month after the Pfizer-BioNTech mRNA vaccine and was treated with ATG and ciclosporin (14). Chen et al. described a series of four cases in Taiwan that were treated with ATG/CSA, eltrombopag, and HSCT (15). Babakhanlou et al. also described four patients in a small case series who had received both the Pfizer and Moderna vaccines. AA developed on average 3 weeks after a second dose of vaccine and was treated with a combination of ATG/CSA and eltrombopag (16).

High-intensity AA management comprises immunosuppression with ATG/ciclosporin and allogeneic HSCT, but this is only suitable in fit patients with an available donor. Older patients experience more adverse events and higher mortality when undergoing treatment with both ATG and HSCT (6). Here, we would have preferred (but were unable) to administer a CD34+ donor-derived stem cell boost, as this has been shown to be effective in the allo-SCT and post-CAR-T space, leading to good neutrophil engraftment (17). Our experience of difficulty in obtaining an HSC boost for this patient is backed up by a recent 2023 survey from EHA and EBMT showing that HSC boosts are often unavailable (18).

Eltrombopag is an oral TPO mimetic. TPO regulates mature platelet production by binding the c-MPL receptor on megakaryocytes. Eltrombopag has therefore been approved for the treatment of immune thrombocytopenic purpura (ITP). C-MPL is also present on the cell surface of stem and progenitor cells and so recombinant thrombopoietin has been shown to additionally promote the expansion of haematopoietic stem cells (19). Eltrombopag has subsequently been found to be effective in both front-line AA in combination with ciclosporin as an ATG-sparing agent and in immunosuppression-refractory AA (20, 21).

Similarly to BM failure, retrospective studies and case reports suggest that eltrombopag for post-CAR-T haematotoxicity can lead to improvements in all blood lineages with minimal toxicity and transfusion independence. In one retrospective review of 71 cases at a single institution, TPO-mimetics allowed 10/11 treated patients to achieve platelet transfusion independence at a median of 17 days from treatment initiation (22). In a second larger analysis of 42 patients treated with eltrombopag for severe leukopenia and thrombocytopenia, recovery in trilineage haematopoiesis occurred by day 180 in 94% (23).

In this case, combinatorial eltrombopag and ciclosporin was a well-tolerated and highly effective alternative to ATG/allo-HSCT, resulting in a swift clinical response, discharge from hospital, and resolution of growth factor and transfusion dependency. This approach is particularly attractive in frail patients who may not tolerate more aggressive interventions.





Conclusion

The use of CAR-T therapies continues to grow exponentially for not only haematological malignancies but now potentially also in solid tumour and autoimmune conditions. We are faced with an expanding immunosuppressed (and often elderly and comorbid) population for whom the use of vaccination against COVID-19 to prevent serious infection is critically important. Whilst the incidence of AA following COVID-19 vaccination is very low overall, and a limitation of this report is that it is not possible to prove causality in our patient, for those patients affected by this complication, the consequences are life-threatening, and conventional therapies such as allo-HSCT and ATG may not be safe or feasible. Here we show that the combination of eltrombopag and ciclosporin potentially represents a valid alternative. Further research is needed to investigate the potential pathogenesis of COVID-19 vaccine-induced aplastic anaemia.
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