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Chimeric antigen receptor T-cell (CAR T-cell) therapy has revolutionized the treatment of 
lymphoid malignancies. Prolonged cytopenias, though poorly understood, have emerged 
as important considerations in the treatment process. In this review, we classified 
cytopenias into early (< 30 days post CAR T infusion), and late-occurring (after day 30 
post infusion). We identified previous chemotherapy and lymphodepletion chemotherapy 
as the major risk factors contributing to early cytopenia. Product characteristics, such as 
costimulatory domains, and side effects of therapy such as cytokine release syndrome 
(CRS) and immune effector cell associated neurotoxicity syndrome (ICANS) were 
identified as contributing factors to prolonged cytopenias occurring more than 30 days 
post CAR-T infusion. We recommend close monitoring with frequent checks, enhanced 
care with granulocyte colony stimulating factor (GCSF) support for grade 3-4 
neutropenia, blood transfusion for severe anemia (Hb < 7g/dL), platelets for severe 
thrombocytopenia (< 10,000/µL) and thrombopoietin (TPO) mimetics such as 
eltrombopag or romiplostim for prolonged severe thrombocytopenia in patients at 
high-risk of hemorrhagic complications. 

INTRODUCTION 

Chimeric antigen receptor T-cell (CAR-T) therapy is rapidly 
becoming the standard of care in many malignancies, par
ticularly lymphoid.1‑3 The FDA approved CAR-T products 
are second generation CAR-Ts with either a CD28 or 41bbz 
costimulatory domain.3,4 Whereas these CAR-T cells are 
self-sufficient to effect cytotoxicity to tumors, they also re
tain the ability to mobilize other cells of the immune sys
tem to cause systemic inflammation.5 Though fludarabine 
and cyclophosphamide used in lymphodepletion can cause 
cytopenias, the expected duration is brief, and unlikely to 
contribute much to prolonged cytopenia extending beyond 
30 days.6 However, many patients come into CAR-T with 
preexisting cytopenias, either from multiple prior lines of 
cytotoxic therapy or myelophthisis from tumor.6‑8 Whereas 
the cytopenia from myelophthisis may resolve with clear
ance of tumor, marrow damage from previous cytotoxic 
chemotherapy may take a longer time to recover.7,8 Once 
CAR-T cells are infused into the body, they engage their 
target antigen, and simultaneously mobilize other cells of 

the immune system, together with which they produce co
pious quantities of IL-1, IL-6. TNF-alfa and IFN-gamma, 
among others.5 These inflammatory cytokines lead to sys
temic inflammation, suppression of hematopoiesis, and re
duced survival of red blood cells.5 

Since most cases of CRS resolve within the first 2 weeks 
of receiving CAR-T, and the previously elevated biomarkers 
of inflammation drop back closer to normal by day 28 - 30, 
previous systemic inflammation alone cannot be the cause 
of significant cytopenia persisting beyond 30 days.9,10 

The impact of pancytopenia depends on the degree to 
which each of the cell lines are affected. Transfusion sup
port can alleviate the symptoms of severe anemia, but se
vere infections can cause death in profound neutropenia, 
and the risk of hemorrhagic death is present in severe 
thrombocytopenia. 

The purpose of this publication is to review the pub
lished literature, provide the pattern of cytopenias occur
ring in the setting of CAR-T therapy, and offer expert opin
ion in management. 
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METHODS 

We searched PubMed for peer-reviewed articles that met 
criteria related to “chimeric antigen receptor T-cell ther
apy”, “DLBCL”, “MCL”, “ALL”, “Multiple Myeloma”, and “Cy
topenia”. We aimed to find studies that focused on in
terventional clinical trials and real-world outcome 
publications related to adverse events such as cytopenia, 
including neutropenia, thrombocytopenia, and anemia. We 
did not limit our search by date or language, to ensure 
that we found the most relevant publications available. To 
achieve our goal, we used PubMed’s advanced search fea
tures that allowed us to refine our search for more targeted 
results. 

Only studies that met our strict criteria were included to 
ensure that the information we gathered was high-quality 
and reliable. We then performed a comprehensive review of 
factors such as incidence of cytopenias, duration, and com
plications, which we divided into acute and chronic effects, 
paying close attention to time of resolution. Our expecta
tion was that these findings will give a better understand
ing of the cytopenia process to the treating physicians, as 
well as clues to the management of cytopenias which often 
occur in the setting of CAR-T therapy. 

For this publication, we have divided cytopenias into two 
groups, early (< 30 days) and late (> 30 days) post CAR-T in
fusion. 

RESULTS 

Pattern of cytopenias is listed in Table 1 and schema of cy
topenias in Figure 1. 

EARLY CYTOPENIAS OCCURRING BETWEEN 
DAY 1-30 

Since the existing FDA approved CAR-T products are ap
proved for second line or later use, all patients who receive 
CAR-T have received prior chemotherapy. Furthermore, 
lymphodepletion chemotherapy incorporates potent alky
lating agents and nucleoside analogs; therefore, it is ex
pected that early cytopenias will occur due to prior cy
totoxic and lymphodepletion chemotherapy. Since the 
pattern of prior chemotherapy and lymphodepletion is vari
able, the occurrence of grade 3 or higher cytopenias in the 
period from day 1-30 is also variable. Previous cycles of 
chemotherapy contribute to baseline cytopenias pre-CAR-
T infusion, while the depth of lymphodepletion contributes 
to new onset cytopenias immediately after CAR-T infusion. 

Preexisting Chemotherapy: Many patients who are being 
evaluated for CAR-T present with cytopenias from the pre
vious line (s) of therapy. Alkylating agents and topoiso
merase inhibitors cause cytopenias during treatment and 
these may persist for months before it fully resolves.11,12 In 
certain instances, cytopenias may be permanent after cyto
toxic chemotherapy especially in those who develop clonal 
hematopoiesis.13‑15 

Lymphodepletion chemotherapy: Most patients receiv
ing CAR-T are first treated with a brief course of lymphode

pletion chemotherapy.5 Most of the time, this consists of 
fludarabine and cyclophosphamide, and the dose given in 
combination is sufficient to produce grade 4 cytopenia in 
more than half of the patients treated.1,4 However, the pe
riod of cytopenia is expected to be brief and < 30 days. 

LATE CYTOPENIAS OCCURRING AFTER DAY 30 

Cytopenias persisting beyond day 30 from CAR-T infusion 
have a variety of etiologies. 

Disease type: Patients with Acute Lymphoblastic 
Leukemia (ALL) tend to have a deeper and more prolonged 
cytopenia compared to large cell lymphoma. This difference 
is likely due to ALL being primarily bone marrow based 
and presents with baseline cytopenias pre CAR-T due to 
myelophthisis. Furthermore, bone marrow involvement has 
been identified as one of the strongest independent predic
tors of severe post CAR-T hematotoxicity.16 

Costimulatory domain: Constructs that use the 
CD4-1BBz rather than CD28 costimulatory domains have a 
less prolonged and less profound cytopenia. 

Occurrence of early side effects from CAR-T therapy: Pa
tients who experience a more severe immune reactivity in 
the setting of CAR-T are likely to also experience prolonged 
cytopenias.17 Systemic inflammation due to CRS occurs be
cause T and myeloid cells produce copious quantities of cy
tokines, including IL-1, IL-2, IFN-γ, TNF and IL-6, all of 
which lead to systemic inflammation and suppression of 
hematopoiesis5,17 Upon resolution of the CRS, the bone 
marrow function can recover. However, patients with severe 
and prolonged CRS may have a longer time to recover their 
counts. 

PREDICTIVE MODELS 

Patients who have baseline severe cytopenias before CAR-T 
tend to have prolonged recovery of counts. Furthermore, el
evated CRP and ferritin, which tend to track with systemic 
inflammation and peak CAR-T levels post infusion, signify 
a more inflammatory milieu which can facilitate prolonged 
cytopenias. 

There have been attempts to predict which patients are 
more likely to have prolonged cytopenias in the setting of 
CAR-T therapy. The CAR HEMATOTOX score uses blood 
counts and C-reactive protein (CRP) to predict prolonged 
cytopenia and adverse effects.18 However, the data are ret
rospective, not stratified by growth factor utilization, and 
the impact of different lymphodepletion strategies may not 
have been captured.18 Though predictive and useful, we 
recommend not using the CAR HEMATOTOX score as the 
sole entity for risk stratification of patients. Rather, we sug
gest ensuring that all patients with baseline cytopenia be
fore CAR-T, those who received higher lymphodepletion 
chemotherapy and those with significant CRS during CAR-
T should be monitored more closely with daily or routine 
hematology laboratory tests post treatment, until toxicities 
have resolved or discharge from the hospital. 
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Table 1. Cytopenias in the setting of Chimeric Antigen Receptor Therapy (CAR-T).           

Study Study population Sample 
size (N) 

Neutropenia Anemia Thrombocytopenia Leukopenia Lymphopenia Febrile Neutropenia 

Any 
Grade 

Grade 3 
or 4 

Any 
Grade 

Grade 3 
or 4 

Any 
Grade 

Grade 3 
or 4 

Any 
Grade 

Grade 3 
or 4 

Any 
Grade 

Grade 
3 or 4 

Any 
Grade 

Grade 3 
or 4 

ZUMA-1 Refractory Large B- cell Lymphoma 101 85 
(84%) 

79 
(78%) 

67 
(66%) 

43 
(43%) 

59 
(58%) 

38 
(38%) 

31 
(31%) 

29 
(29%) 

- - 35 
(35%) 

31 
(31%) 

JULIET Relapsed or Refractory DLBCL 111 22 
(20%) 

22(20%) 53 
(48%) 

43 
(39%) 

14 
(13%) 

13 
(12%) 

37 
(33%) 

34 
(31%) 

- - 18 
(16%) 

17 
(15%) 

TRANSCEND Chronic lymphocytic leukemia and 
small lymphocytic lymphoma 

117 72 
(62%) 

71 
(61%) 

78 
(67%) 

61(52%) 58 
(50%) 

48 
(41%) 

34 
(29%) 

31 
(26%) 

24 
(21%) 

23 
(20%) 

- - 

ZUMA-2 Relapsed or Refractory Mantle-Cell 
Lymphoma 

68 59 
(87%) 

58 
(85%) 

46 
(68%) 

34 
(50%) 

50 
(74%) 

35 
(51%) 

- - - - - - 

ELIANA CD19+ Relapsed or Refractory B-cell 
ALL 

75 - 3 (4%) - 3 (4%) - 4 (5%) - 7 (9%) - - 26 
(35%) 

26 
(35%) 

KARMMA Relapsed 
and Refractory Multiple Myeloma 

128 117 
(91%) 

114 
(89%) 

89 
(70%) 

77(60%) 81 
(63%) 

67(52%) 54(42%) 50(39%) 35(27%) 34 
(27%) 

21(16%) 20(16%) 

CARTITUDE Relapsed or Refractory multiple 
myeloma 

97 93 
(96%) 

92 
(95%) 

79 
(81% 

66 
(68%) 

77 
(79%) 

58 
(60%) 

60 
(62%) 

59 
(61%) 

51 
(53%) 

48 
(50%) 

- - 
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Figure 1. Significant Cytopenias Associated with CAR-T Therapy and Management.         
ANC: Absolute Neutrophil Count; G-CSF: Granulocyte-Colony Stimulating Factor; PJP: Pneumocystis Jiroveci Pneumonia; HSV: Herpes Simplex Virus; VZV (Varicella Zoster Virus); 
CD4: Cluster of Differentiation 4; IgG: Immunoglobulin G 
*Monitor for Iron Overload and or volume overload as a possible complication of Red Blood Cell Transfusion. 
**Monitor for Volume Overload as a possible complication of Platelet Transfusion. 

MANAGEMENT OF EARLY CYTOPENIA 
BETWEEN DAY 1-30 

We recommend a comprehensive treatment approach. 
This includes transfusion of red blood cells for severe ane
mia and platelet transfusion for severe thrombocytopenia. 
Expert opinion suggests transfusion for hemoglobin < 7g/
dL. However, some patients may require transfusion at a 
higher hemoglobin level than this, due to comorbid con
ditions such as heart disease. Platelet transfusion is indi
cated for ≤ 10,000/µL. However, if there is clinical bleeding 
or significant platelet consumption, e.g. disseminated in
travascular coagulopathy (DIC), platelet transfusions may 
need to be initiated at a count > 10,000/µL. When CRS 
is persistent, the inflammatory milieu can add to delayed 
platelet recovery. To manage this effectively, a combination 
of tocilizumab and dexamethasone is recommended for the 
treatment of CRS.6,8 

Some experts, such as the European Society for Blood 
and Marrow Transplantation (EBMT), suggest avoiding 
GCSF during early days after CAR-T infusion, because of the 
increased risk of CRS and ICANS.19,20 They suggest trying 
to postpone its use until after day+14. However, in a small 
retrospective study, Galli et al. showed that there is no in
crease in toxicity with administering GCSF in the setting of 
CAR-T, especially when given as needed to mitigate the risk 
of neutropenic fever.21 The safety of administering GCSF in 
the case of moderate/severe CRS/ICANS is uncertain. 

Although controversial, it is generally recommended to 
start anti-bacterial prophylaxis on day 0 or at the onset of 

the first occurrence of severe neutropenia, to mitigate the 
risk of infection. Adding antifungal prophylaxis may be a 
consideration in the patient who has had prolonged cytope
nia before CAR-T treatment. The reason to consider pro
phylaxis is because many patients undergoing CAR-T have 
received chemotherapy and immunotherapy previously, 
and have diminished immune function. Furthermore, the 
etiology of fever post CAR-T infusion is often indistinguish
able between CRS and neutropenic fever. We recommend 
escalating antibiotic therapy as appropriate, per institution 
guidelines, in the setting of neutropenic fever. We also rec
ommend continuing prophylactic antibiotics as appropriate 
until resolution of fever and severe neutropenia, whichever 
comes later. This preventive measure should be continued 
until the absolute neutrophil count (ANC) has recovered to 
>500/µL. Additionally, antiviral prophylaxis should be initi
ated soon after CAR-T infusion, and continued for a period 
of 6 to 12 months.6 

MANAGEMENT OF LATE CYTOPENIA 
AFTER DAY 30 

Neutropenia persisting beyond day 30 is particularly worri
some, because of the increased risk of bacterial, viral and 
opportunistic infections, including protozoa and fungi. 
When managing late cytopenia, it is important to recognize 
that CRS is less of a risk, hence it is reasonable to treat with 
GCSF to mitigate the increased infection risk that comes 
with prolonged neutropenia. It is also important to note 
that by day + 30 post CAR-T infusion, many of the patients 
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have spent over 1 month near the CAR-T referral center 
and will be eager to return home. Switching to pegylated 
GCSF can facilitate treatment in the outpatient setting, 
with fewer clinic visits, but it is important to note that 
there are risks with prolonged pegylated GCSF use, such 
as inducing paradoxical hyperleukocytosis, bone pain and 
splenomegaly.22,23 In cases where there is a lack of or sub
optimal responsiveness to G-CSF, a bone marrow biopsy 
may be necessary. CAR-T cells are often demonstrable in 
the marrow, indicating that cytopenia may be related to 
CAR-T mediated inflammation and prior therapy.6 If there 
is a high likelihood of primary disease progression/relapse, 
evidence of marrow fibrosis, or lineage dysplasia before 
CAR-T, we also consider a bone marrow aspirate for pro
longed cytopenia. 

When prolonged thrombocytopenia occurring in the set
ting of CAR-T therapy persists beyond day 30, we recom
mend to double check that nutritional parameters are re
plete, and we also recommend a TPO mimetic drug such 
as eltrombopag or romiplostim in those with a substantial 
risk of bleeding (platelets <10,000/µL) to mitigate the risk 
of severe hemorrhage. It is understood that the use of TPO 
mimetics in this instance is off label. However, there are 
many case series that have shown its benefit in these pa
tients.24 TPO mimetics may promote hematopoietic recov
ery in some patients after CAR-T-cell.6,10 

The use of hematopoietic stem cells followed by daily 
GCSF has been reported to aid in the recovery of prolonged 
cytopenias, including neutrophil, platelet, and hemoglobin 
levels.16,25 

However, this intervention is only available to those 
multiple myeloma patients who happen to have stored 
cells. 

Cytopenias occurring in the setting of CAR-T therapy, 
are an important cause of severe infections, extended hos
pitalization and increased mortality.25,25‑27 Patients with 
severe cytopenia should be closely monitored after CAR-
T therapy and treated appropriately to minimize this risk. 
Most CAR-T patients are treated at tertiary and academic 
centers, many of which have bone marrow transplant ex
perience. These centers maintain contact with the patient 
in a long-term clinic and provide input in the management 
of complications. Growth factors and transfusion support 
can easily be provided by most of the CAR-T sites. However, 
as many community centers develop the ability to provide 
CAR-T treatment, more education related to management 
of toxicities including cytopenias is essential. 

SUMMARY AND CONCLUSION 

CAR-T has changed the paradigm of the treatment of lym
phoid malignancies. However, side effects of therapy in
cluding cytopenias add to the risk of therapy and can ad
versely affect the quality of life of patients. Early cytopenias 
may occur due to pre-existing complications of previous cy
totoxic therapy or lymphodepletion chemotherapy. We rec
ommend growth factor with immediate acting GCSF and 

transfusion support with blood and platelets during this 
period, as appropriate for severe neutropenia, anemia and 
thrombocytopenia. There is no clear evidence that GCSF 
adds to toxicity during this period, so it does not need to 
be withheld, especially if neutropenic fever is in the list 
of differential diagnoses. Severe neutropenia persisting be
yond day 30 occurs in a minority of patients, but it carries 
an increased risk of major infections, including fungal. We 
recommend considering pegylated GCSF in this instance, 
to facilitate outpatient monitoring and preserved quality 
of life for patients. TPO mimetics can speed up the time 
for platelet recovery, and stem cell boost has been used 
successfully in some patients with multiple myeloma who 
had prolonged cytopenias. Though cytopenias add morbid
ity and, with that, a diminished quality of life, most pa
tients recover fully. Mortality from cytopenia post CAR-T 
is low, because tertiary centers are usually involved in the 
care of these patients. However, as more centers are now 
providing CAR-Ts, there is a need for focused education in 
the management of cytopenias to prevent morbidity and 
mortality 

AUTHORS’ CONTRIBUTION - CREDIT 

Conceptualization: Debolanle Dahunsi (Equal), Olalekan 
Oluwole (Equal). Data curation: Debolanle Dahunsi (Equal), 
Akintomiwa Akintunde (Equal). Formal Analysis: Cynthia 
Eleanya (Equal), Akintomiwa Akintunde (Equal), Olalekan 
Oluwole (Equal). Investigation: Cynthia Eleanya (Equal), 
Akintomiwa Akintunde (Equal), Olalekan Oluwole (Equal). 
Methodology: Cynthia Eleanya (Equal), Akintomiwa Akin
tunde (Equal). Writing – review & editing: Cynthia Eleanya 
(Equal), Akintomiwa Akintunde (Equal), Olalekan Oluwole 
(Equal). Resources: Cynthia Eleanya (Equal), Akintomiwa 
Akintunde (Equal). Supervision: Cynthia Eleanya (Equal), 
Olalekan Oluwole (Equal). Writing – original draft: Akin
tomiwa Akintunde (Equal), Olalekan Oluwole (Equal). Soft
ware: Olalekan Oluwole (Lead). 

COMPETING INTERESTS 

Debolanle Dahunsi. No competing interest 
Cynthia Eleanya. No competing interest 
Akintomiwa Akintunde. No competing interest 
Olalekan O. Oluwole. Consultancy and advisory board for: 
Kite, Gilead, Janssen, ADC, Novartis, Caribou, Cargo, Nek
tar 

DATA AVAILABILITY STATEMENT 

All data are available upon reasonable request. 

Submitted: June 24, 2024 BST. Accepted: August 27, 2024 BST.

Published: March 26, 2025 BST. 

Prolonged Cytopenia with CAR-T Cell Therapy and Management Recommendations

Clinical Hematology International 51



This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Prolonged Cytopenia with CAR-T Cell Therapy and Management Recommendations

Clinical Hematology International 52



REFERENCES 

1. Neelapu SS, Locke FL, Bartlett NL, et al. 
Axicabtagene Ciloleucel CAR T-Cell Therapy in 
Refractory Large B-Cell Lymphoma. The New England 
journal of medicine. 2017;377(26):2531-2544. 
doi:10.1056/NEJMoa1707447. PMID:29226797 

2. Abramson JS, Palomba ML, Lunning MA, et al. 
Updated safety and long term clinical outcomes in 
TRANSCEND NHL 001, pivotal trial of lisocabtagene 
maraleucel (JCAR017) in R/R aggressive NHL. ASCO 
2018. 2018;36(36). doi:10.1200/
JCO.2018.36.15_suppl.7505 

3. Schuster SJ, Bishop MR, Tam CS, et al. 
Tisagenlecleucel in Adult Relapsed or Refractory 
Diffuse Large B-Cell Lymphoma. The New England 
journal of medicine. Published online 2018. 

4. Locke FL, Miklos DB, Jacobson CA, et al. 
Axicabtagene Ciloleucel as Second-Line Therapy for 
Large B-Cell Lymphoma. The New England journal of 
medicine. 2022;386(7):640-654. doi:10.1056/
NEJMoa2116133 

5. Oluwole OO, Davila ML. At The Bedside: Clinical 
review of chimeric antigen receptor (CAR) T cell 
therapy for B cell malignancies. Journal of leukocyte 
biology. 2016;100(6):1265-1272. doi:10.1189/
jlb.5BT1115-524R 

6. Jain T, Olson TS, Locke FL. How I treat cytopenias 
after CAR T-cell therapy. Blood. 
2023;141(20):2460-2469. doi:10.1182/
blood.2022017415. PMID:36800563 

7. Sharma N, Reagan PM, Liesveld JL. Cytopenia after 
CAR-T Cell Therapy-A Brief Review of a Complex 
Problem. Cancers (Basel). 2022;14(6). doi:10.3390/
cancers14061501. PMID:35326654 

8. Taneja A, Jain T. CAR-T-OPENIA: Chimeric antigen 
receptor T-cell therapy-associated cytopenias. 
EJHaem. 2022;3(Suppl 1):32-38. doi:10.1002/
jha2.350. PMID:35844301 

9. Kamdar M, Solomon SR, Arnason J, et al. 
Lisocabtagene maraleucel versus standard of care 
with salvage chemotherapy followed by autologous 
stem cell transplantation as second-line treatment in 
patients with relapsed or refractory large B-cell 
lymphoma (TRANSFORM): results from an interim 
analysis of an open-label, randomised, phase 3 trial. 
Lancet (London, England). 
2022;399(10343):2294-2308. doi:10.1016/
S0140-6736(22)00662-6 

10. Corona M, Shouval R, Alarcón A, et al. 
Management of prolonged cytopenia following CAR 
T-cell therapy. Bone marrow transplantation. 
2022;57(12):1839-1841. doi:10.1038/
s41409-022-01771-x 

11. Pfreundschuh M, Trümper L, Osterborg A, et al. 
CHOP-like chemotherapy plus rituximab versus 
CHOP-like chemotherapy alone in young patients 
with good-prognosis diffuse large-B-cell lymphoma: 
a randomised controlled trial by the MabThera 
International Trial (MInT) Group. The Lancet 
Oncology. 2006;7(5):379-391. doi:10.1016/
S1470-2045(06)70664-7 

12. Coiffier B, Lepage E, Briere J, et al. CHOP 
chemotherapy plus rituximab compared with CHOP 
alone in elderly patients with diffuse large-B-cell 
lymphoma. The New England journal of medicine. 
2002;346(4):235-242. doi:10.1056/NEJMoa011795 

13. Arends CM, Kopp K, Hablesreiter R, et al. 
Dynamics of clonal hematopoiesis under DNA-
damaging treatment in patients with ovarian cancer. 
Leukemia. Published online 2024. doi:10.1038/
s41375-024-02274-y. PMID:38714878 

14. Marshall CH, Gondek LP, Daniels V, et al. 
Association of PARP inhibitor treatment on the 
prevalence and progression of clonal hematopoiesis 
in patients with advanced prostate cancer. Prostate. 
Published online 2024. doi:10.1002/pros.24712 

15. Yan C, Richard MA, Gibson CJ, et al. Clonal 
Hematopoiesis and Therapy-Related Myeloid 
Neoplasms After Autologous Transplant for Hodgkin 
Lymphoma. Journal of clinical oncology: official journal 
of the American Society of Clinical Oncology. 
2024:Jco2302547. doi:10.1200/JCO.23.02547 

16. Davis JA, McGann M, Marini J, et al. How to 
manage prolonged immune effector cell-associated 
hematotoxicity (ICAHT) related to BCMA-directed 
myeloma therapy. Expert Rev Anticancer Ther. 
2024;24(6):335-338. doi:10.1080/
14737140.2024.2344650 

17. Locke FL, Rossi JM, Neelapu SS, et al. Tumor 
burden, inflammation, and product attributes 
determine outcomes of axicabtagene ciloleucel in 
large B-cell lymphoma. Blood Adv. 
2020;4(19):4898-4911. doi:10.1182/
bloodadvances.2020002394. PMID:33035333 

Prolonged Cytopenia with CAR-T Cell Therapy and Management Recommendations

Clinical Hematology International 53

https://doi.org/10.1056/NEJMoa1707447
https://doi.org/10.1200/JCO.2018.36.15_suppl.7505
https://doi.org/10.1200/JCO.2018.36.15_suppl.7505
https://doi.org/10.1056/NEJMoa2116133
https://doi.org/10.1056/NEJMoa2116133
https://doi.org/10.1189/jlb.5BT1115-524R
https://doi.org/10.1189/jlb.5BT1115-524R
https://doi.org/10.1182/blood.2022017415
https://doi.org/10.1182/blood.2022017415
https://doi.org/10.3390/cancers14061501
https://doi.org/10.3390/cancers14061501
https://doi.org/10.1002/jha2.350
https://doi.org/10.1002/jha2.350
https://doi.org/10.1016/S0140-6736(22)00662-6
https://doi.org/10.1016/S0140-6736(22)00662-6
https://doi.org/10.1038/s41409-022-01771-x
https://doi.org/10.1038/s41409-022-01771-x
https://doi.org/10.1016/S1470-2045(06)70664-7
https://doi.org/10.1016/S1470-2045(06)70664-7
https://doi.org/10.1056/NEJMoa011795
https://doi.org/10.1038/s41375-024-02274-y
https://doi.org/10.1038/s41375-024-02274-y
https://doi.org/10.1002/pros.24712
https://doi.org/10.1200/JCO.23.02547
https://doi.org/10.1080/14737140.2024.2344650
https://doi.org/10.1080/14737140.2024.2344650
https://doi.org/10.1182/bloodadvances.2020002394
https://doi.org/10.1182/bloodadvances.2020002394


18. Rejeski K, Perez A, Sesques P, et al. CAR-
HEMATOTOX: a model for CAR T-cell-related 
hematologic toxicity in relapsed/refractory large B-
cell lymphoma. Blood. 2021;138(24):2499-2513. 
doi:10.1182/blood.2020010543. PMID:34166502 

19. Hayden PJ, Roddie C, Bader P, et al. Management 
of adults and children receiving CAR T-cell therapy: 
2021 best practice recommendations of the European 
Society for Blood and Marrow Transplantation 
(EBMT) and the Joint Accreditation Committee of 
ISCT and EBMT (JACIE) and the European 
Haematology Association (EHA). Annals of Oncology. 
2022;33(3):259-275. doi:10.1016/
j.annonc.2021.12.003 

20. Yakoub-Agha I, Chabannon C, Bader P, et al. 
Management of adults and children undergoing 
chimeric antigen receptor T-cell therapy: best 
practice recommendations of the European Society 
for Blood and Marrow Transplantation (EBMT) and 
the Joint Accreditation Committee of ISCT and EBMT 
(JACIE). Haematologica. 2020;105(2):297-316. 
doi:10.3324/haematol.2019.229781. PMID:31753925 

21. Galli E, Allain V, Di Blasi R, et al. G-CSF does not 
worsen toxicities and efficacy of CAR-T cells in 
refractory/relapsed B-cell lymphoma. Bone Marrow 
Transplant. 2020;55(12):2347-2349. doi:10.1038/
s41409-020-01006-x 

22. Nuamah NM, Goker H, Kilic YA, et al. 
Spontaneous splenic rupture in a healthy allogeneic 
donor of peripheral-blood stem cell following the 
administration of granulocyte colony-stimulating 
factor (g-csf). A case report and review of the 
literature. Haematologica. 2006;91(5 Suppl):Ecr08. 

23. Masood N, Shaikh AJ, Memon WA, et al. Splenic 
rupture, secondary to G-CSF use for chemotherapy 
induced neutropenia: a case report and review of 
literature. Cases J. 2008;1(1):418. doi:10.1186/
1757-1626-1-418. PMID:19108744 

24. Wesson W, Nelson M, Mushtaq M, et al. 
Eltrombopag Stimulation for Neutrophil and Platelet 
Recovery Following Axicabtagene Ciloleucel (axi-cel) 
Therapy in Lymphoma. Blood. 2022;140(Supplement 
1):12757-12759. doi:10.1182/blood-2022-162433 

25. Davis JA, Sborov DW, Wesson W, et al. Efficacy 
and Safety of CD34+ Stem Cell Boost for Delayed 
Hematopoietic Recovery After BCMA Directed CAR T-
cell Therapy. Transplant Cell Ther. 
2023;29(9):567-571. doi:10.1016/j.jtct.2023.05.012 

26. Rejeski K, Wang Y, Hansen DK, et al. Applying the 
EHA/EBMT grading for ICAHT after CAR-T: 
comparative incidence and association with 
infections and mortality. Blood Adv. 
2024;8(8):1857-1868. doi:10.1182/
bloodadvances.2023011767. PMID:38181508 

27. Rejeski K, Jain MD, Shah NN, et al. Immune 
effector cell-associated haematotoxicity after CAR T-
cell therapy: from mechanism to management. Lancet 
Haematol. 2024;11(6):e459-e470. doi:10.1016/
S2352-3026(24)00077-2 

Prolonged Cytopenia with CAR-T Cell Therapy and Management Recommendations

Clinical Hematology International 54

https://doi.org/10.1182/blood.2020010543
https://doi.org/10.1016/j.annonc.2021.12.003
https://doi.org/10.1016/j.annonc.2021.12.003
https://doi.org/10.3324/haematol.2019.229781
https://doi.org/10.1038/s41409-020-01006-x
https://doi.org/10.1038/s41409-020-01006-x
https://doi.org/10.1186/1757-1626-1-418
https://doi.org/10.1186/1757-1626-1-418
https://doi.org/10.1182/blood-2022-162433
https://doi.org/10.1016/j.jtct.2023.05.012
https://doi.org/10.1182/bloodadvances.2023011767
https://doi.org/10.1182/bloodadvances.2023011767
https://doi.org/10.1016/S2352-3026(24)00077-2
https://doi.org/10.1016/S2352-3026(24)00077-2

	Prolonged Cytopenia with CAR-T Cell Therapy and Management Recommendations
	Introduction
	Methods
	Results
	Early cytopenias occurring between day 1-30
	Late cytopenias occurring after day 30

	Predictive Models
	Management of early cytopenia between day 1-30
	Management of Late Cytopenia after Day 30
	Summary and conclusion
	Authors’ Contribution - CRediT
	Competing Interests
	Data Availability Statement

	References


