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Haematologic toxicity is the most common adverse event after CAR-T cell therapy, 
with a cumulative 1-year incidence of 58% (CTCAE grade ≥ 3) in the real-world 
setting (Wudhikarn et al., Blood Advances 2020). It is characterized by a biphasic 
temporal course and is often prolonged (Fried et al., Bone Marrow Transplant 2019, 
Rejeski et  al., Blood et  al. 2021a, b, Fig.  29.1). In a report of Axi-Cel-treated 
patients, only 30% demonstrated a neutrophil count >1 × 109/L and 50% showed a 
platelet count >50 × 109/L at 30 days following CAR-T cell treatment (Jain et al., 
Blood Advances 2020). In a long-term follow-up study of patients with ongoing CR 
and an absence of MDS, 16% of patients experienced prolonged significant cytope-
nias that lasted up to 22 months after CAR-T cell treatment (Cordeiro et al., Biol 
Blood Marrow Transplant 2020). These findings highlight that cytopenia can pres-
ent long after lymphodepletion and the resolution of acute CRS. Risk factors include 
severe CRS/ICANS, cytopenia prior to initiation of lymphodepleting chemother-
apy, and prior allogeneic stem cell transplantation (Jain et  al., Blood Advances 
2020, Fried et  al., BMT, 2019). Importantly, cytopenia predisposes patients to 
severe infectious complications, which are the most frequent cause of non-relapse 
mortality (Nastoupil et al., JCO 2020).

The use of growth factors to manage early cytopenias after CAR-T cell therapy 
remains controversial. Cytokine profiles and mouse xenograft models have impli-
cated GM-CSF in the pathogenesis of CRS and neuroinflammation (Sterner et al., 
Blood 2019). Accordingly, current recommendations discourage the use of GM-CSF 
and to initiate G-CSF only after resolution of CRS and/or ICANS (Yakoub- Agha 
et  al., Haematologica 2020). However, in a report by Galli et  al., prophylactic 
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G-CSF was used safely in 42 patients with grade 4 neutropenia on day 5 after 
CAR-T cell infusion, with no increased risk of CRS or ICANS and no negative 
impact on disease outcomes (Galli et  al., Bone Marrow Transplantation 2020). 
Further studies are needed to identify patients at high risk for prolonged neutropenia 
and with an increased risk of infection that will benefit from early G-CSF initiation. 
The diagnostic workup for patients with prolonged cytopenia unresponsive to 
G-CSF should include screening for haematinic deficiency, viral infections (e.g., 
CMV, EBV, Hepatitis B/C, Parvovirus B19), concomitant myelosuppressive drugs 
(e.g., co-trimoxazole), secondary haemophagocytic lymphohistiocytosis, and the 
presence of disease in the bone marrow. In the event of severe bone marrow aplasia 
unresponsive to G-CSF, autologous or allogeneic stem cell rescue may be consid-
ered where possible (Rejeski et al., BMC ID 2021a, b, Godel et al., Haemasphere 
2021). Other options include anti-inflammatory therapy (e.g., dexamethasone, anti- 
IL- 6 blocking therapy) and thrombopoietin receptor agonists (e.g., eltrombopag) 
(Fig. 29.2).

Infections are another significant complication of CAR-T therapy as a result of 
prolonged neutropenia, long-term CD4 T cell lymphopenia, or B-cell aplasia (Hill 
and Seo et al., Blood 2020a, b). Other risk factors associated with infections include 
higher CRS grade and use of immunosuppressive agents, such as steroids, tocili-
zumab, and anakinra. The majority of infections occur early within the first 28 days, 
with bacterial infections being the most common, followed by viral and fungal 
infections. Late infections, especially with respiratory viruses, are also seen up to 
90  days post CAR-T therapy (Cordeiro et  al., BBMT 2020). Invasive fungal 
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Fig. 29.1 Clinical Phenotypes of neutropenia (adapted from Rejeski et al., Blood 2021a, b)
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infections, both yeasts and moulds, have been reported in 1–15% of CAR-T-treated 
patients.

The use of antiviral, antifungal, and anti-pneumocystis (PCP) prophylaxis to 
reduce the risk of infections post-CAR-T cell therapy is recommended; however, 
there is no consensus on the optimal choice and duration of prophylaxis. Patients 
typically receive acyclovir or valacyclovir, yeast or mould-active antifungal prophy-
laxis, and co-trimoxazole to prevent PCP. Patients considered “high risk” for mould 
infections based on pre-infusion neutropenia, history of mould infection within 
6 months, prior allo-SCT or underlying diagnosis of acute leukaemia as well as 
those who have had post-infusion grade ≥ 3 CRS/ICANS or prolonged treatment 
with steroids or other immunosuppressants should be offered mould-active prophy-
laxis. In the absence of high-risk factors, yeast-active prophylaxis may be sufficient, 
with pre-emptive monitoring for moulds recommended (Garner et  al., J Fungi 
2021). Antifungal prophylaxis is generally continued until recovery of the neutro-
phil count and cessation of immunosuppressants. PCP prophylaxis is typically 
given for 6 months or until the CD4 T cell count is >200 cells/μl. Monthly intrave-
nous immunoglobulins may be considered when there is persistent severe hypogam-
maglobulinaemia and a history of recurrent infections. Treatment of suspected/
confirmed infections post CAR-T therapy should follow Institutional guidelines and 
is generally similar to the management of infections after stem cell transplantation. 
The efficacy of vaccination following administration of CD19- or BCMA-targeted 
CAR-T cells remains unknown, but patients do need to be considered for vaccina-
tion at 6 months post-CAR-T therapy and guided by post-vaccine antibody titres 
(Hill et al., Blood 2020a, b). Effective strategies to prevent and manage infectious 
complications following CAR-T cell infusion are crucial in improving the outcomes 
of this promising therapy.
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Fig. 29.2 Treatment algorithm for CD19 CAR-T cell-associated myelotoxicity
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Key Points
• Haematological toxicity is the most common adverse event after CD19-

specific CAR-T cell therapy and can predispose patients to severe infec-
tious complications.

• Administering prophylactic G-CSF from day 5  in neutropenic patients 
does not increase the incidence of severe CRS/ICANS and is safe in pre-
serving CAR-T antilymphoma activity. Evidence level III-B.

• Post-CART immunosuppression is multifactorial (e.g., neutropenia, lym-
phopenia, steroid use, B-cell aplasia, and hypogammaglobulinaemia), and 
infections significantly contribute to non-relapse mortality.

• Anti-infective prophylaxis should follow institutional guidelines based on 
the patient-specific risk factors.
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