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ABSTRACT 
Hematological toxicity represents the most common grade ≥3 toxicity after chimeric antigen receptor (CAR) T-cell therapy. However, 
its underlying pathophysiology is incompletely understood and its grading and management remains ill-defined. To inform the forth-
coming European Hematology Association/European Society for Blood and Marrow Transplantation (EHA/EBMT) guidelines on the 
management of “immune effector cell-associated hematotoxicity” (ICAHT), we undertook a survey of experienced clinicians using an 
online survey focusing on (1) grading, (2) risk-stratification and diagnostic work-up, (3) short-term, and (4) long-term management of 
ICAHT. There were 81 survey respondents across 18 countries. A high degree of variability was noted for cytopenia grading in regards 
to depth, duration, and time from CAR-T infusion. The majority of experts favored pre-CAR-T bone marrow studies, especially in case of 
a high-risk profile. Most respondents felt that the work-up for patients with severe hematotoxicity should rule-out viral infections (96%), 
substrate deficiency (80%), or coincident sHLH/MAS (serum ferritin, 92%), and should include bone marrow aspiration (86%) and/or 
biopsy (61%). Clinicians were divided as to whether the occurrence of coincident immunotoxicity should influence the decision to apply 
G-CSF, and when to initiate G-CSF support. In case of prolonged thrombocytopenia, most survey participants favored thrombopoietin 
agonists (86%). Conversely, autologous hematopoietic cell boosts represented the preferred choice for neutropenia (63%), although they 
were frequently not available and no consensus was reached regarding the optimal trigger point. These findings underline the current 
heterogeneity of practice patterns regarding ICAHT and invite the development of consensus guidelines, which may harmonize grading, 
establish standard operating procedures for diagnosis, and set management guidelines.

INTRODUCTION

Following decades of preclinical evaluation and clinical devel-
opment, the early 2020s have firmly established the role of chi-
meric antigen receptor (CAR) T-cell therapies for the treatment 
of a broad range of refractory B-cell malignancies.1–5 CARs are 
synthetic receptors that redirect immune effector cells against 
a target antigen on the tumor cell surface such as CD19.6,7 
Although remarkable response rates have been reported, this 
form of adoptive cell therapy is also accompanied by a unique 
side effect profile, which typically includes cytokine release syn-
drome (CRS) and immune effector cell-associated neurotoxic-
ity syndrome (ICANS).8–10 Although initially under-reported in 
terms of clinical significance, real-world evidence has further 
highlighted the importance of hematological toxicity, referring 
to profound and often long-lasting cytopenias.11 These represent 
the most frequent Common Terminology Criteria for Adverse 
Events (CTCAE) grade ≥3 toxicity of CAR T-cell therapy, often 
follow a biphasic trajectory of count recovery, and can persist 
long after the resolution of clinical CRS.12–14 The underlying 
pathomechanism remains ill-defined, although recent evidence 
points towards a critical role of the host inflammatory state and 
hematopoietic reserve, as well as the inflammatory stress con-
ferred by severe CRS and the associated cytokine patterns.14–17 
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Importantly, cytopenias compound the immunosuppression con-
ferred by B-cell aplasia and hypogammaglobulinemia. Indeed, 
infections substantially contribute to morbidity, can prolong 
hospital stays, and represent the dominant cause of non-relapse 
mortality in the real-world setting.18–20

Currently, there remains a high degree of heterogeneity in 
terms of both the grading and the management of cytopenias. 
Notably, most grading systems, such as the CTCAE describe 
cytopenias mainly in quantitative terms, and thus fail to capture 
the unique quality of post-CAR-T cytopenias such as the bipha-
sic and/or delayed course. Furthermore, a numeric value only 
incompletely reflects the true clinical severity of hematotoxicity 
in an equal manner to other side effects of CAR-T such as CRS 
or ICANS. To inform the forthcoming European Hematology 
Association (EHA)/European Society for Blood and Marrow 
Transplantation (EBMT) recommendations on the manage-
ment of immune effector cell-associated hematotoxicity, termed 
ICAHT, in adult patients receiving autologous CAR T-cell ther-
apy, we undertook a survey of experienced clinicians to assess 
their opinions on grading, risk stratification, and short-term and 
long-term management of cytopenias.

METHODOLOGY

The EBMT Practice Harmonization and Guidelines commit-
tee together with the guidelines committee of the EHA proposed 
that a joint EBMT/EHA-wide group be formed to produce a 
framework for grading and risk stratification, and to suggest 
practical clinical recommendations for ICAHT following CAR 
T-cell therapy. The initiative was adopted by the EHA and 
EBMT board after which experts in the field were invited to 
participate.

As we did for the previous European guidelines,21,22 an inter-
national survey was conceived and sent to physicians with 
experience in applying CAR T-cell therapies and managing the 
concomitant toxicities, to provide a reference point for delibera-
tions and to solicit feedback on current strategies for the topics 
covered in the forthcoming guidelines. The survey followed the 
following structure:

 1.   General information about the participating center 
and attendant affiliations.

 2.   Grading of immune effector cell-associated cytopenia 
according to the depth and duration.

 3.   Risk stratification and diagnostic work-up: role of 
bone marrow biopsy prior and after CAR T-cell ther-
apy, use of the CAR-HEMATOTOX score as a risk 
stratification tool, routine diagnostic studies in case 
of severe hematotoxicity, criteria to identify secondary 
Hemophagocytic Lymphohistiocytosis/Macrophage 
Activation Syndrome (sHLH/MAS) as a pertinent 
differential diagnosis, and work-up for clonal hema-
topoiesis of indeterminate potential (CHiP) or myel-
odysplastic syndrome (MDS) such as next-generation 
sequencing.

 4.   Short-term management: general utilization and trig-
ger point for the use of growth factors such as granu-
locyte colony-stimulating factor (G-CSF).

 5.   Long-term management: alternative strategies for mit-
igation of ICAHT including thrombopoietin (TPO) 
agonists, immunosuppressive agents, autologous and 
allogeneic hematopoietic cell boost. Specific analysis 
of the patterns of hematopoietic cell boost utilization 
such as availability, optimal date of initiation, pre-emp-
tive application, necessity of conditioning before rein-
fusion of the graft.

To ensure that a broad range of opinions were incorporated, 
we sent the survey to EBMT centers and >50 worldwide centers 
with an experience in the use of both commercially available 

and investigational products across 18 countries in 5 geographic 
regions (Asia, Middle East, Europe, Australia, and United 
States). Participants were provided a short deadline of 30 days 
to complete the survey and the pooled results were analyzed 
on December 22, 2022. We received 81 initial survey responses; 
however, 19 respondents either did not treat CAR-T patients 
regularly or did not complete the majority of survey questions, 
leaving 62 evaluable physicians that responded within the dead-
line. The survey was then closed and the responses were aggre-
gated accordingly. To help with the interpretation of the tables, 
the most frequently chosen response is highlighted in bold. The 
responding participants and their affiliations are listed at the 
end of the article.

Countries and center characteristics
The countries of the survey respondents are provided in 

Table  1. As expected, the majority of centers were located 
in Europe (46%), followed by the United States (35%). 
Considering the number of active trials, China was under-rep-
resented in this survey (5%). An overview of center characteris-
tics is shown in Suppl. Table S1. Only answers of the 72 centers 
with experience in administering CAR T-cell therapies, includ-
ing commercially approved CAR-T products, were analyzed. 
Only 9% of centers reported lack of FACT-JACIE accredita-
tion, and 40% reported being fully FACT-JACIE accredited for 
immune effector cell therapy (including CAR T-cell therapy). 
In terms of the CAR-T setting, the vast majority were a mixed 
transplant/CAR-T unit (73.8%), followed by general hema-
tology/oncology ward (13.9%), and dedicated CAR-T unit 
(10.8%) (Suppl. Figure S1).

RESULTS

Grading
We found that the large majority of survey participants 

currently use the CTCAE criteria (version 5.0) to grade post-
CAR-T cytopenias (84%, Suppl. Table S2). This was followed 
by the CIBMTR reporting guidelines for hematopoietic recov-
ery (10%) and the phenotypes of neutrophil recovery (6%).14,15 
To initiate the development of a clinically relevant grading sys-
tem, we queried respondents on their opinions concerning both 
depth and duration of cytopenia.

Table 1

Participating  Countries

Country N(%) 

Austria 3 (4.8)
Australia 1 (1.6)
Belgium 1 (1.6)
China 3 (4.8)
Czech Republic 1 (1.6)
France 7 (11)
Germany 10 (16)
Greece 1 (1.6)
Israel 1 (1.6)
Italy 6 (9.5)
Poland 2 (3.1)
Romania 1 (1.6)
Saudi Arabia 2 (3.1)
Singapore 1 (1.6)
Spain 10 (16)
Sweden 3 (4.8)
The Netherlands 2 (3.1)
USA 8 (12.6)
Total (18) 63 (100)
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Immune effector cell-associated thrombocytopenia
In terms of depth, the most popular answers for mild 

and moderate thrombocytopenia were a platelet count of 
<100 × 109/L (56% of respondents) and <50 × 109/L (54% of 
respondents), respectively (Table 2). The most popular thresh-
old for severe (grade 3) thrombocytopenia was a platelet count 
<20 × 109/L (34%), although no clear consensus was reached 
and 30% of respondents chose a platelet count <50 × 109/L. 
Life-threatening (grade 4) thrombocytopenia was character-
ized as either a bleeding event requiring urgent intervention 
(42%), followed by transfusion dependency with >1 transfu-
sion weekly (38%), while 20% respondents voted for a thresh-
old-based definition.

In terms of duration, very short (grade 1) thrombocytopenia 
was most commonly classified as ≤4 days (50% of respondents), 
short (grade 2) thrombocytopenia as ≤7 days (40% of respon-
dents), long (grade 3) thrombocytopenia as ≥14 days (30% of 
respondents), and very long (grade 4) thrombocytopenia as ≥28 
days (38% of respondents).

Immune effector cell-associated anemia
An overview of the consensus definitions for the classification 

of anemia is provided in Table 3. Mild anemia (grade 1) was 
most commonly defined as a hemoglobin (Hb) below the lower 
limit of normal (52% of respondents), followed by a Hb <10 g/

Table 2

IEC-associated Thrombocytopenia by Depth (Top) and Duration (Bottom)

Immune Effector Cell-associated Thrombocytopenia by Depth and Duration

Grade 1: Mild, N (%) Grade 2: Moderate, N (%) Grade 3: Severe, N (%) Grade 4: Life-Threatening, N (%) Grade 5: Fatal, N (%) 

Platelet count <150 109/L, 
13 (26)

Platelet count <100 109/L, 10 (20) Platelet count <50 109/L,  
15 (30)

Transfusion dependency (>1  
transfusion weekly), 19 (38)

Death directly attributable 
to thrombocytopenia-related 
event, 49 (98)

Platelet count <100 109/L, 
28 (56)

Platelet count <50 109/L, 27 (54) Platelet count <30 109/L, 6 (12) Bleeding event requiring urgent 
intervention, 21 (42)

Other, 1 (2)

Platelet count <50 109/L,  
2 (4)

Platelet count <30 109/L, 0 (0) Platelet count <20 109/L, 
17 (34)

Other, 10 (20)  

Platelet count <30 109/L, 1 (2) Platelet count <20 109/L, 3(6) Platelet count <10 109/L, 3 (6)   
Platelet count <20 109/L, 0 (0) Requiring no more than a single 

transfusion weekly, 0 (0)
Transfusion dependency  
(>1 weekly), 1 (2)

  

Other, 6 (12) Other, 10 (20) Bleeding event (not immediately 
life-threatening), = (0)

  

  Other, 8 (16)   

Grade 1: Very Short, N (%) Grade 2: Short, N (%) Grade 3: Long, N (%) Grade 4: Very Long, N (%)

≤4 d, 25 (50) ≤7 d, 20 (40) >7 d, 9 (18) >10 d, 0 (0)  
≤7 d, 16 (32) ≤10 d, 9 (18) >10 d, 15 (10) >14 d, 6 (12)  
≤10 d, 7 (14) ≤14 d, 17 (34) >14 d, 15 (30) >21 d, 6 (12)  
Other, 2 (4) Other, 4 (8) >21 d, 6 (12) >28 d, 19 (38)  
  >28 d, 12 (24) >60 d, 15 (30)  
  Other 3 (6) Requiring stem cell boost, 2 (4)  
   Other, 2 (4)  

The most popular survey choice is highlighted in bold.

Table 3

IEC-associated Anemia by Depth (Top) and Duration (Bottom)

Immune Effector Cell-associated Anemia by Depth and Duration

Grade 1: Mild, N (%) Grade 2: Moderate, N (%) Grade 3: Severe, N (%) Grade 4: Life-threatening, N (%) Grade 5: Fatal, N (%) 

Hemoglobin < LLN, 
26 (52)

Hemoglobin <10 g/dL, 28 
(56)

Hemoglobin <8 g/dL, 24 (48) Transfusion dependency (>1  
transfusion weekly), 13 (26)

Death directly attributable 
to anemia-related event, 
48 (96)

Hemoglobin <10 g/dL, 
22 (44)

Hemoglobin <8 g/dL, 17 (34) Requiring no more than a single 
transfusion weekly, 11 (22)

Severe transfusion dependency 
(approximately daily), 14 (28)

Other, 2 (4)

Hemoglobin <8 g/dL, 
0 (0)

Requiring no more than a sin-
gle transfusion weekly, 3 (6)

Transfusion dependency (>1 
transfusion weekly), 11 (22)

Severe complication related to 
anemia requiring urgent  
intervention, 22 (44)

 

Other, 2 (4) Other, 2 (4) Other, 4 (8) Other, 1 (2)  

Grade 1: Very Short, N (%) Grade 2: Short, N (%) Grade 3: Long, N (%) Grade 4: Very Long, N (%)

≤7 d, 37 (74) ≤14 d, 32 (64) >14 d, 9 (18) >21 d, 3 (6)  
≤14 d, 9 (18) ≤21 d, 6 (12) >21 d, 10 (20) >28 d, 14 (28)  
≤21 d, 2 (4) ≤28 d, 9 (18) >28 d, 24 (48) >60 d, 17 (34)  
Other, 2 (4) Other, 3 (6) >60 d, 5 (10) >90 d, 14 (28)  
  Other, 2 (4) Other, 2 (4)  

The most popular survey choice is highlighted in bold.
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dL (44%). The most popular threshold for moderate anemia 
(grade 2) was a Hb <10 g/dL (56%), followed by a Hb <8 g/dL 
(34%). The preference choice for severe anemia (grade 3) was 
a Hb <8 g/dL, mirroring current CTCAE definitions. However, 
22% of respondents also chose a transfusion-based definition: 
either ≥1 transfusion weekly or requiring <1 transfusion weekly, 
respectively. Life-threatening anemia (grade 4) was classified as 
a severe complication related to anemia (eg, cardiac arrhythmia, 
heart failure, and respiratory insufficiency) for 44% of survey 
participants, followed by severe transfusion dependency defined 
as approximately daily (28%) and transfusion dependency with 
a frequency of ≥1 packed red blood cell (pRBC) transfusion 
weekly (26%).

In terms of duration, very short (grade 1) and short (grade 
2) anemia were most commonly defined as ≤7 days (74%) and 
≤14 days (64%), respectively. The preference for long (grade 3) 
anemia was ≥28 days (48%), although a majority opinion was 
not reached and other survey participants voted for a threshold 
of ≥21 days (20%) or ≥14 days (18%). No clear consensus was 
established for very long (grade 4) anemia. The most popular 
choice was ≥60 days (34%), followed by ≥28 days and ≥90 days 
(both 28%, respectively).

Immune effector cell-associated neutropenia
A majority of respondents coalesced around a definition 

for mild (ANC <1.5 × 109/L), moderate (ANC <1.0 × 109/L), 
and severe (ANC <0.5 × 109/L) neutropenia (Table  4). Life-
threatening neutropenia (grade 4) was most commonly classified 

as resulting in a life-threatening infection with or without respi-
ratory insufficiency or hemodynamic instability. However, a 
significant proportion of experts also picked “neutropenia 
refractory to any therapeutic measures” (30%), or provided a 
threshold-based definition (16%).

A similar percentage of respondents defined very short 
(grade 1) neutropenia as ≤4 days (48%) and ≤7 days (44%). 
Similarly, no clear consensus was reached for short (grade 2) 
neutropenia: ≤7 days (36%), ≤10 days (26%), and ≤14 days 
(34%). The most popular selection for long neutropenia 
(grade 3) was ≥14 days (38%), followed by ≥28 days (24%) 
as the second most popular choice. Very long neutropenia 
(grade 4) was described as ≥28 days by 48% of respondents. 
To account for the often delayed and biphasic nature of neu-
tropenia, we also surveyed how international experts would 
define persistent/prolonged neutropenia following CAR T-cell 
therapy. While no clear consensus emerged, the two most pop-
ular choices were an ANC <0.5 109/L at day +28 (38%) and 
an ANC <1.0 109/L at day +28 (20%), indicating that day +28 
after CAR-T infusion was the preferred time point to define 
this toxicity category.

Risk-stratification and diagnostic work-up
Before lymphodepleting chemotherapy, 36% of respondents 

described using a risk-stratification system to determine the 
patient-individual risk of hematological toxicity, which was 
almost exclusively the CAR-HEMATOTOX score (Suppl. Table 
S3, online calculator: https://www.german-lymphoma-alliance.

Table 4

IEC-associated Neutropenia by Depth (Top) and Duration (Bottom) 

Immune Effector Cell-associated Neutropenia by Depth and Duration

Grade 1: Mild, N (%) Grade 2: Moderate, N (%) Grade 3: Severe, N (%) Grade 4: Life-threatening, N (%) Grade 5: Fatal, N (%) 

ANC <1.5 109/L, 29 (58) ANC <1.0 109/L, 28 (56) ANC <0.8 109/L, 3 (6) Neutropenia refractory to therapeutic measures (eg, 
growth factor, TPO-agonist, immunosuppressive therapy, 
15 (30)

Death directly attribut-
able to neutropenia- 
related event, 49 (98)

ANC <1.0 109/L, 11 (22) ANC <0.8 109/L, 8 (16) ANC <0.5 109/L, 32 (64) Life-threatening Infections with or without  
respiratory insufficiency (requiring high-flow O2 
support) or hemodynamic instability (requiring 
vasopressor support), 24 (48)

Other, 1 (2)

ANC <0.8 109/L, 2 (4) ANC <0.5 109/L, 7 (14) ANC <0.1 109/L, 7 (14) Life-threatening Infections with respiratory insufficiency 
(requiring high-flow O2 support) and/or hemodynamic 
instability (requiring vasopressor support), 3 (6)

 

ANC <0.5 109/L, 0 (0) ANC <0.1 109/L, 0 (0) Other, 8 (16) Other, 8 (16)  
Other, 8 (16) Other, 7 (14)    

Grade 1: Very Short, N (%) Grade 2: Short, N (%) Grade 3: Long, N (%) Grade 4: Very Long, N (%)

≤4 d, 24 (48) ≤7 d, 18 (36) >7 d, 7 (14) >14 d, 5 (10)  
≤7 d, 22 (44) ≤10 d, 13 (26) >10 d, 4 (8) >21 d, 6 (12)  
≤10 d, 2 (4) ≤14 d, 17 (34) >14 d, 19 (38) >28 d, 23 (46)  
Other, 2 (4) Other, 2 (4) >21 d, 5 (10) >42 d, 11 (22)  
  >28 d, 12 (24) Requiring stem cell boost, 1 (2)  
  Other, 3 (6) Other, 4 (8)  

Definition of persistent/prolonged immune effector cell-associated neutropenia

ANC <0.5 109/L ANC <1.0 109/L Other

ANC <0.5 109/L after day +14 
post-CAR-T, 2 (4)

ANC <1.0 109/L after day 
+14 post-CAR-T, 0 (0)

Other, 3 (6)   

ANC <0.5 109/L after day 
+28 post-CAR-T, 19 (38)

ANC <1.0 109/L after day 
+28 post-CAR-T, 10 (20)

   

ANC <0.5 109/L after day +60 
post-CAR-T, 6 (12)

ANC <1.0 109/L after day 
+60 post-CAR-T, 3 (6)

   

ANC <0.5 109/L after day +90 
post-CAR-T, 4 (8)

ANC <1.0 109/L after day 
+90 post-CAR-T, 3 (6)

   

The most popular survey choice is highlighted in bold.
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de/Scores.html).19 This score incorporates factors related to 
hematopoietic reserve (ANC, Hb, and platelet count) and base-
line inflammatory state (C-reactive protein [CRP] and ferri-
tin). Routine bone marrow biopsy before CAR T-cell therapy 
was most commonly performed in case of a high-risk profile 
for hematotoxicity (30% of respondents, eg, prior hematopoi-
etic cell transplantation, high CAR-HEMATOTOX score, and 

presence of cytopenia) (Fig.  1A). Still, 28% of survey partici-
pants reported always attaining pre-CAR-T bone marrow stud-
ies, while a further 18% reported using an ANC-based threshold 
(12%: <0.5 109/L; 6%: <1.0 109/L). Only 1 out of 5 reported 
never performing bone marrow analysis. The threshold to con-
sider bone marrow analysis following CAR-T infusion varied by 
center (Fig. 1B): if cytopenic ≥28 days (39%), if cytopenic ≥14 

Figure 1. Diagnostic studies for ICAHT prior and after CAR T-cell infusion. CAR = chimeric antigen receptor; HT = CAR-HEMATOTOX score; ICAHT = immune effector 
cell-associated hematotoxicity. 
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days (10%), if cytopenic ≥21 day (8%), followed by the estab-
lishment of a G-CSF refractory state (≥5/≥7/≥10 days of G-CSF 
support, all 6%).

In terms of diagnostic studies for severe hematotoxicity fol-
lowing CAR-T infusion (Fig. 1C), the large majority of respon-
dents described ruling-out viral infections such as CMV, EBV, 
hepatitis B/C, and parvovirus B19 (95.9%) as well as substrate 
deficiency (79.6%).

Bone marrow aspiration was more commonly performed 
(85.7%) than bone marrow trephine biopsy (61.2%). A major-
ity of survey participants also incorporated a work-up for 
sHLH/MAS including serum fibrinogen (57.1%), serum tri-
glycerides (69.4%), and serum ferritin levels (91.8%). To dis-
criminate sHLH/MAS in patients with severe hematotoxicity, 
the experts most frequently employed the EBMT/EHA criteria23 
(61%), followed by the MD Anderson criteria24 (27%) and the 
HScore25 (22%) (Suppl. Table S4). Other examinations included 
analyses for underlying hemolytic conditions including reticu-
locyte production index (69.4%) and serum LDH (81.6%) and 
microangiopathy markers such as schistocyte count (61.2%). 
Conversely, screening for potential organomegaly (eg, abdominal 

ultrasound) was only performed in 40.8% of respondents. Of 
interest, we found that a plurality of centers currently does 
not perform an extensive work-up for Clonal Hematopoiesis 
of indeterminate Potential (CHiP)26 or MDS in patients with 
persistent hematotoxicity (Suppl. Table S4). However, ~30% 
of respondents described initiating diagnostic evaluation using 
next-generation sequencing with a targeted gene panel in case 
of persistent hematotoxicity after ~3 months following CAR-T 
infusion.

Management of ICAHT

Short-term (day 0 to day +14)
We noted marked heterogeneity in the practice patterns con-

cerning G-CSF use for ICAHT. Notably, 57% of survey par-
ticipants were hesitant to apply growth factors in the setting 
of coincident immunotoxicity, particularly ICANS (Fig.  2A). 
Concomitantly, the most popular survey response for applica-
tion of growth factors during the first 14 days post-infusion 
was deferment due to concerns of exacerbating neurotoxicity 
(24.5%) (Table  5).27 However, other respondents stated that 

Figure 2. Practice patterns concerning G-CSF use for prolonged cytopenias. G-CSF = granulocyte colony-stimulating factor. 
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they regularly applied G-CSF in >50% of cases (20.4%), or 
administered growth factors in case of prolonged neutropenia. 
Consistent with this response, most survey respondents did not 
state a fixed day after CAR-T infusion on which growth factors 
were initiated, but rather administered G-CSF for severe or pro-
longed grade ≥3 neutropenia, although routine use on a specific 
day after CAR-T infusion was described: day +6–10 (8%), day 
+3–5 (4%), and right after CAR-T infusion (8%) (Fig. 2B).

Long-term (after day +14)
When asked if growth factors are regularly applied for the 

management of neutropenia during days +14 to +28, the most 
popular choice was “only in the case of prolonged neutrope-
nia with or without concomitant infection” (24.5%), with an 
additional 10.2% stating “only in the case of prolonged neutro-
penia with concomitant infections (Table 5). Still, G-CSF was 
commonly applied for neutropenia in ≥50% of cases (20.4%), 
~50% of cases (8.2%), and between 30% and 50% of cases 
(12.2%), highlighting that G-CSF currently represents a main-
stay for the management of hematological toxicity following 
CAR T-cell therapy.

Next, we asked how centers approach immune effector 
cell-associated cytopenia that is refractory to growth factor 
support (after ruling out all other potential causes, Fig. 2). For 
neutropenia, the most frequently encountered strategy was an 
autologous hematopoietic cell boost, when available (63%, 
Fig. 3A), followed by TPO agonists (43%) and immunosuppres-
sion using pulse-dose glucocorticoids (20%). Allogeneic hema-
topoietic cell transplantation was employed in 16% of cases, 
while every 10th survey participant favored either anticytokine 
therapy or other options such as a watch and wait approach. In 
contrast, the top 2 choices were inverted for the management 
of thrombocytopenia (Fig.  3B): TPO agonists were the most 

popular choice (86%) followed by autologous hematopoietic 
cell boost, if available (43%). Pulse-dose glucocorticoids were 
applied in 22% of survey participants, while all other options 
were used in <10% of cases.

When focusing specifically on practice patterns for autol-
ogous hematopoietic cell boost, we found that prophylactic 
collection of CD34+ hematopoietic cells before CAR-T infu-
sion for high-risk patients for the purpose of rescue in case of 
severe ICAHT was a rare proposition (only 10%, Fig.  4A). 
Pre-emptive, early application of an available hematopoi-
etic cell boost in high-risk patients was even more rare (4%, 
Fig. 4B). Of interest, even if a hematopoietic cell boost repre-
sented a viable treatment option, in the majority of patients 
with a prior history of autologous stem cell transplantation 
(ASCT), hematopoietic cell boosts were either available in 
<30% of cases (41%) or not available at all (20%) (Fig. 4C). 
The stated preference to trigger hematopoietic cell boost for 
neutropenia and thrombocytopenia varied across all sites 
(Table  6). For neutropenia, the most common answer was 
≥90 days (39%), followed by ≥28 days (20%), and ≥60 days 
(14%) after CAR-T infusion. Similarly, the preferred trigger 
was ≥90 days for refractory thrombocytopenia (35%), fol-
lowed by ≥28 days (16%), and then either day +60 or day 
+180 post-CAR-T (both 12%, respectively). Other answers 
included refractoriness to platelet transfusions, failure to 
respond to TPO agonists, or deciding based on clinical need 
or in case of severe complications. Finally, most respondents 
stated that they preferred to simply re-infuse the graft (76%), 
while a minority indicated that they applied conditioning che-
motherapy before reinfusion (4%). Furthermore, 14% stated 
that they “do not know” how they would apply an autologous 
hematopoietic cell boost.

DISCUSSION

With CAR T-cell therapies revolutionizing the treatment 
landscape of multiple refractory hematological malignancies, a 
main focus in the field now relates to the optimization of the 
management of the associated side effects. Although hemato-
logical toxicity represents one of the very first dose-limiting side 
effects ever described for cytotoxic chemotherapy (described as 
early as 1946 by Goodman et al28), its renaissance in the field of 
novel immunotherapies makes it an old “new kid on the block.” 
Importantly, the nature of cytopenia after adoptive cell ther-
apy is qualitatively unique and the underlying pathophysiology 
remains incompletely understood. Thus, classification systems 
and management guidelines that were developed in the setting 
of classic cytotoxic chemotherapies may not extend to patients 
receiving CAR T-cell therapies. In this multicenter international 
survey incorporating 72 centers across 18 countries, we sur-
veyed current practice patterns regarding grading, risk stratifi-
cation, and management of ICAHT.

As we had postulated, we observed considerable heteroge-
neity in the responses regarding how cytopenias ought to be 
graded across the participating sites, particularly for the severe 
and life-threatening cytopenia categories. This may relate to 
the fact that any cytopenia threshold remains arbitrary, as the 
severity grading requires further information on (1) total dura-
tion and (2) respective allotted time from CAR-T infusion. For 
example, the risk of infectious complications due to neutropenia 
is inherently time-dependent. Although a one-time measurement 
of an ANC <0.1 109/L may be worrisome, it is the sustained 
measurement of such a value for an extended period of time 
that particularly raises concern for severe infections.19 For this 
reason, the IDSA/ASCO consensus guidelines for the application 
of anti-infective prophylaxis (eg, antibacterial and mold-active 
azoles) in adult patients with cancer-related immunosuppres-
sion incorporate not only depth but also the duration of neu-
tropenia.29 Furthermore, it is important to recognize that the 

Table 5

Growth Factors

Do you regularly apply growth factors for the management of neutropenia 
occurring within 14 d after CAR T-cell infusion? N (%)

No, because of concerns of exacerbating 
neurotoxicity 

12 (24.5) 

Yes, but I try to avoid growth factors when possible  
due to concerns of exacerbating neurotoxicity

4 (8)

Yes, in ~30% of patients 4 (8)
Yes, in ~50% of patients 1 (2)
Yes, in >50% of patients 10 (20.5)
Only, in case of prolonged neutropenia with or 
without concomitant infection

9 (18)

Only, in case of prolonged neutropenia with 
concomitant infection

6 (12)

Other 3 (6)

Do you regularly apply growth factors for the management of neutropenia 
occurring between day +14 and day +28 after CAR T-cell infusion? N (%)

No, because of concerns of exacerbating 
neurotoxicity

4 (8)

Yes, but I try to avoid growth factors when possible  
due to concerns of exacerbating neurotoxicity

5 (10)

Yes, in ~30% of patients 6 (12)
Yes, in ~50% of patients 4 (8)
Yes, in >50% of patients 10 (20.5)
Only, in case of prolonged neutropenia with 
or without concomitant infection

12 (24.5)

Only, in case of prolonged neutropenia with 
concomitant infection

5 (10)

Other 3 (6)

The most popular survey choice is highlighted in bold.
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underlying pathomechanism of cytopenia may be substantially 
different in patients receiving adoptive cell therapies than with 
classic chemotherapeutic agents. This is reflected by the typically 
biphasic time course of neutrophil recovery and the persistent 
nature of cytopenia.12–14 Any novel nomenclature or classifica-
tion system of CAR T-cell-related hematotoxicity must, there-
fore, fully account for these peculiarities.

The survey results also underline that externally validated 
risk-stratification systems such as the CAR-HEMATOTOX score 
remain under-utilized.14,19,30–32 Interestingly, bone marrow stud-
ies were broadly performed before CAR-T infusion especially in 
high-risk candidates. A multitude of factors confer an increased 
risk profile for ICAHT, which can include prior hematopoietic 
cell transplantation, presence of bone marrow infiltration of the 
underlying malignancy, baseline cytopenias, and inflammatory 

state.12,14,23,33 Surprisingly, we found that clinicians were hesi-
tant to apply early G-CSF (eg, day +5 or earlier), despite recent 
evidence pointing toward an acceptable safety profile with no 
deleterious impact on CAR-T expansion kinetics and anti-lym-
phoma activity.34–36 This likely stems from initial preclinical 
murine data that raised concern for exacerbating neurotoxic-
ity with GM-CSF.27 Concomitantly, the survey indicated a high 
degree of variability in regards to the optimal trigger point for 
G-CSF application after CAR-T infusion, highlighting the need 
for harmonized consensus guidelines and ideally multicentric 
prospective data that establishes a new standard-of-care. Of 
interest, we did not observe significant differences between the 
participating European and non-Europeans centers in regards 
to their responses concerning practice patterns and the manage-
ment of CAR-T-related cytopenias.

Figure 3. Management strategies for G-CSF  refractory immune effector cell-associated thrombocytopenia and neutropenia. G-CSF = granulocyte 
colony-stimulating factor. 
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An interesting aspect of the survey relates to the utiliza-
tion of hematopoietic cell boosts for the management of pro-
longed cytopenia following CAR T-cell therapy. Recently, three 
European groups delineated the safety and clinical feasibility 
of this approach for CAR-T patients with severe hematotox-
icity.37–39 This survey represents the most detailed report out-
lining how autologous hematopoietic cell boosts are currently 
being employed. However, several open questions remain: 
should pre-emptive collection of CD34+ hematopoietic cells be 
considered in high-risk candidates before CAR T-cell infusion? 
If yes, according to what criteria? What represents the opti-
mal trigger point for hematopoietic cell boost? Are there any 

unintended consequences on CAR T-cell expansion, function, 
or efficacy? It is notable that only 10% of survey respondents 
reported prophylactically collecting autologous stem cells in 
high-risk patients, although approximately two thirds would 
consider a boost for prolonged neutropenia following CAR-T 
therapy, if available. This disconnect suggests that physicians 
remain recalcitrant to prophylactically collect, potentially due 
to cost or logistic reasons. In the absence of clear empiric and 
especially prospective evidence, consensus expert recommenda-
tions are clearly needed. This is underlined by the increasing 
use of CAR T-cell products for disease entities such as multi-
ple myeloma or mantle cell lymphoma, in which autologous 

Figure 4. Practice patterns concerning the use of autologous stem cell boost for the management of ICAHT. ICAHT = immune effector cell-associated 
hematotoxicity. 

Table 6

Autologous Stem Cell Boost

Appropriate Timing of Autologous Stem Cell Boost Best Option for Autologous Stem Cell Boost in Refractory IEC-associated 
Cytopenia Patients (If a Cryopreserved Autologous Graft is Available)  

N (%) 
Refractory IEC-associated  
Neutropenia N (%) 

Refractory IEC-Associated 
Thrombocytopenia N (%) 

≥14 d, 2 (4) ≥14 d, 0 (0) Simple reinfusion of the graft, 37 (75.5)
≥28 d, 10 (20) ≥28 d, 8 (16) Conditioning followed by re-infusion of the graft, 2 (4)
≥60 d, 7 (14) ≥60 d, 6 (12) I don’t know, 7 (14)
≥90 d, 19 (39) ≥90 d, 17 (34) Other, 3 (6)
≥180 d, 2 (4) ≥180 d, 6 (12)  
Other, 9 (18) Other, 12 (24,5)  

The most popular survey choice is highlighted in bold.
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hematopoietic cell transplantation remains established in the 
frontline treatment setting.40,41

One of the strengths of this survey relates to the large number 
of participants despite the still yet limited number of overall 
sites offering adoptive cell therapies. Although some questions 
were not answered by all centers, this may reflect the underlying 
ambiguity in regards to the management of ICAHT. Crucially, 
this survey represents a starting point for broader efforts to har-
monize grading and develop consensus guidelines for ICAHT. 
For this purpose, an international panel of experts from different 
countries and belonging to EHA and EBMT convened in Lille, 
France in March 2023 to issue respective European recommen-
dations. The large heterogeneity in practice patterns underlines 
that hematological toxicity remains an ill-defined toxicity cate-
gory in need of harmonization and standardization. Such efforts 
would not only enable evidence-based management strategies 
tailored to the individual patient, but also would provide a blue-
print for reporting for other novel immunotherapeutic agents 
such as bispecific antibodies and allogeneic CAR products. Still, 
this study has several relevant limitations. The respondents 
mainly were chosen based on their involvement in international 
societies such as EBMT, raising concern for inadvertent selec-
tion bias. Furthermore, not all queried centers responded, as is 
common for these types of surveys. The provided answers may 
only reflect the latest practice patterns at each individual center, 
as opposed to the average treatment choices over the last few 
years.

In conclusion, our multicenter survey introduces ICAHT as a 
novel toxicity category following CAR T-cell therapy and pro-
vides a snapshot of current practice patterns. The heterogenous 
survey results underline the current lack of uniform consensus 
for grading and management of profound and/or long-lasting 
cytopenias. As a result, the survey has informed the forthcoming 
joint EHA/EBMT/JACIE recommendations for the management 
of ICAHT following CAR T-cell therapy.
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