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Abstract
Purpose  Cancer-related cognitive impairment is one of the symptoms of neurotoxicity among patients receiving chimeric 
antigen receptor (CAR) T cell therapy. Evidence of the overall estimated prevalence of cancer-related cognitive impairment 
following CAR T-cell therapy among patients with hematologic malignancies at short-term and long-term follow-ups is lack-
ing. This review aimed to summarize the cognitive functioning status and estimate the prevalence of cancer-related cognitive 
impairment at follow-up within 1 month, 1 to 12 months, and > 12 months after CAR T cell therapy.
Methods  PubMed, Cochrane Library, EMBASE, CINAHL Plus, Web of Science, and PsycINFO via ProQuest from incep-
tion through August 2024. Studies that reported on cognitive impairment among patients receiving CAR T cell therapy with 
valid measures were included. Data on cognitive impairment prevalence were pooled using a random-effects model.
Results  In total, 16 studies involving 1407 patients were included. The pooled cancer-related cognitive impairment prevalence 
rates assessed using neuropsychological tests at the follow-up timepoints (< 1 month, 1–12 months, and > 12 months) were 
24% [95% prediction interval (PI) 16–33%], 33% (95%, PI 9–64%), and 35% (95%, PI 23–48%), respectively. The prevalence 
estimates assessed using other measures were ranging from 4 to 38% across different timepoints. The leave-one-out meta-
analyses quantified the impact of these potential outliers on the estimation of the overall prevalence.
Conclusions  The findings stress the importance of developing targeted interventions to prevent or manage cognitive impair-
ment in cancer patients during both short-term and long-term follow-up periods. This review also highlights the need for 
further research in this area to improve our understanding of the disease mechanisms and implement preventive strategies 
for managing cancer-related cognitive impairment.

Keywords  Cancer-related cognitive impairment · Chimeric antigen receptor T cell therapy · CAR T cell · Hematologic 
malignancies · Immunotherapy · Neurotoxicity
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Introduction

Cancer-related cognitive impairment (CRCI) refers to 
declines in cognitive function that related to a cancer 
diagnosis or experience during or after cancer treatment. 
These changes can include difficulty with memory, con-
centration, and problem-solving, and it may persist for 
months or years after cancer treatment [1]. The estimated 
prevalence of CRCI varies, with studies reported that up 
to 75% of cancer patients may experience some degree of 
cognitive problems [2, 3]. In hematologic cancer survivors 
particularly, the post-treatment cognitive complaints were 
prevalent as high as 70.6%, indicating a significant impact 
on cognitive function in this population [4].

Growing recognition of the intricate and multi-dimen-
sional nature of CRCI has led to research on the etiology 
and underlying mechanisms. This includes examining 
the individual impacts of tumor burden and diverse can-
cer treatments, such as surgery, chemotherapy, radiation 
therapy, and endocrine therapy [3]. Evidence also sug-
gested that immunotherapy, a form of cancer therapy that 
functions by eliciting a response from the body’s immune 
system to target malignant cells for destruction, may be 
associated with cognitive changes in some patients [5]. 
However, the specific nature and extent of these changes 
are not yet well understood. Some studies have reported 
that patients receiving immunotherapy may experience 
symptoms such as confusion, memory problems, and dif-
ficulty with attention and concentration [5, 6]. The poten-
tial mechanisms include brain microglial activation while 
microglia are activated in response to brain injuries and 
immunological stimuli and increased peripheral inflamma-
tory cytokines crossing the blood–brain barrier [1]. It is 
important to note that the risk of cognitive changes associ-
ated with cancer treatment, including immunotherapy, can 
vary widely among patients, and the factors that contribute 
to these changes are not yet fully discovered.

Chimeric antigen receptor T (CAR T) cell therapy 
is a relatively new, effective immunotherapy that uses 
genetically modified T cells to target tumor cells selec-
tively, making it more effective than chemotherapy and 
other immunotherapies [7]. This groundbreaking therapy 
has established itself as the standard of care for specific 
cancers, including relapsed non-Hodgkin’s lymphoma, 
relapsed or refractory acute lymphoblastic leukemia, and 
relapsed refractory multiple myeloma. Research indicates 
an impressive 80% complete response rate to the treatment 
[8]. However, common adverse events of CAR T cell ther-
apy include cytokine release syndrome (CRS) and immune 
effector cell-associated neurotoxicity syndrome (ICANS), 
which can cause symptoms such as fever, delirium, con-
fusion, and cognitive dysfunction, including attentional 

deficits, memory deficits, and executive dysfunction [9]. 
ICANS is a phenomenon that occurs after CAR T cell 
infusion and is distinct from CRS due to its clinical mani-
festations, timing, and response to intervention [10]. The 
onset of CRS and ICANS typically occurs within the first 
2 weeks after infusion and usually resolves within 1 to 
2 weeks [11, 12]. However, non-specific symptoms may 
still occur, and it can be difficult to distinguish between 
ICANS and other factors, such as intercurrent illness and 
infection. While patients are closely monitored for CRS 
and ICANS, CRCI are not well characterized. Given that 
the symptoms of ICANS appear acutely, typically within 
days of treatment, and the symptoms of CRCI develop 
more gradually and can persist for months or years after 
treatment, affecting memory, attention, and executive 
function, it is important to have a detailed understanding 
of these deficits to diagnose and treat them appropriately 
and to provide accurate prognostication [9, 11].

Clinical guidelines recommend using physical exams, 
history-taking, and the immune effector cell (ICE) score to 
assess ICANS severity. The ICE score is derived from five 
tasks evaluating orientation, naming, writing, attention, 
and command-following [13]. However, the ICE score has 
limitations as it lacks sensitivity to CRCI and does not pro-
vide a detailed assessment of cognition. It also has a lim-
ited dynamic range and may be subject to practice effects, 
as patients and caregivers may practice the items. CRCI is 
commonly assessed using subjective measures, including 
patient-reported outcomes and perceived cognitive func-
tion, while objective measures involve standardized neu-
ropsychological tests that assess cognitive performance. 
Patients often describe CRCI as a subtle feeling of cogni-
tive decline, which can negatively impact an individual’s 
everyday life [14]; however, subjective measures often do 
not correlate well with objective measures [15]. Therefore, 
both measures are important and should be considered 
when capturing CRCI. Several individuals have disclosed 
enduring CRCI for as long as 12 months following the 
administration of CAR T cell therapy [10, 12], highlight-
ing the need for more comprehensive investigations into 
CRCI both immediately after treatment and in the long-
term. Therefore, a more detailed understanding of CRCI 
associated with CAR T cell therapy is required for accu-
rate diagnosis, treatment, and prognosis.

This systematic review and proportional meta-analysis 
aimed to investigate the cognitive outcomes assessed through 
various subjective and objective measures of patients treated 
with CAR T cell therapy, both in the short-term and long-
term. This is important as CRCI can have adverse effects on 
a patient’s quality of life, and understanding the neurocog-
nitive outcomes can help with recognizing and addressing 
CRCI, as well as guiding recommendations for rehabilitation 
and disease monitoring [1]. The review also identifies gaps 
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in the current literature and discusses limitations to guide 
future research in this area.

Methods

Design

The guidelines including Meta-Analysis of Observational 
Studies in Epidemiology (MOOSE) and Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) 
were followed in this systematic review and proportional 
meta-analysis. The review registration number on PROS-
PERO is CRD42024581909.

Search strategy

A comprehensive search was conducted across multiple 
databases such as PubMed, Cochrane Library, CINAHL 
Plus, EMBASE, PsycINFO via ProQuest, and Web of Sci-
ence. The search was performed using Medical Subject 
Headings (MeSH) terms and relevant keywords such as 
cognitive dysfunction and intensive care units and included 
all articles from the inception of the databases up to August 
2024. The complete search strategy is outlined in Supple-
mentary Table S1. Additionally, a manual citation chasing 
was performed to identify any relevant articles that were 
eligible.

Eligible criteria

Inclusion criteria for the studies were as follows: (1) obser-
vational studies with retrospective and prospective cohort 
design reporting on cognitive functioning outcome; (2) 
patient population consisting of patients with hemato-
logic malignancies who received CAR T cell therapy; and 
(3) identification of cognitive impairment using validated 
measures and available to define cognitive impairment or 
diagnosis by clinicians. In the case of multiple articles uti-
lizing data from the same patient source, the study with the 
most comprehensive information or the largest sample size 
was included to avoid overcounting the prevalence of CRCI. 
Exclusion criteria were as follows: (1) editorials, reviews, 
letters to the editor, discussion paper, or conference abstracts 
with insufficient details on reporting cognitive functioning 
outcome; (2) failure to provide an operational definition of 
cognitive impairment; (3) observation of cognitive impair-
ment prevalence before receiving CAR T cell therapy with-
out post-treatment follow-up observations; or (4) publication 
not in English language.

Study selection and data extraction

The title and abstract of all records identified in the litera-
ture search were independently screened by three review-
ers (MHH, LW, and JWHW) who are experienced in con-
ducting systematic reviews. Remaining articles’ full texts 
were independently reviewed by the same three reviewers. 
Each article was assessed by at least two reviewers inde-
pendently. To ensure consistency and accuracy, we created 
a data extraction sheet in a standardized format for review-
ers to record study details such as publication information 
(first author, year of publication, and sample size), country, 
and study design, where the study was conducted, cognitive 
functioning measures and cognitive functioning findings, as 
well as sample characteristics including mean age, percent-
age in male, and the number of cases developed CRCI at 
post-treatment timepoints. The information was extracted 
independently and reviewed for consistency and accuracy. 
The research team reach a consensus through discussion if 
there were any discrepancies.

Risk of bias assessment

Two reviewers (MHH and LW) assessed the risk of bias 
of included studies using the Newcastle–Ottawa Scale [16]. 
This scale comprises three sections, which assess sample 
selection, comparability of study groups, and exposure/
outcome assessment. Assessment criteria were detailed in 
Supplementary Table S2. The final decision of the studies—
inclusion and exclusion—was made through discussion with 
the research team.

Data synthesis and analysis

The Freeman–Tukey double arcsine transformation of pro-
portions was adopted to pool prevalence estimates in this 
proportional meta-analysis [17]. The follow-up timepoints 
for the cognitive function assessments were varied, and sev-
eral studies have reported multiple follow-ups across time; 
thus, the follow-up timepoints were categorized into three 
timepoints [< 1 month, 1–12 months, and > 12 months] for 
understanding the prevalence of CRCI in a short-term and 
long-term period after CAR T cell therapy. Given the diver-
sity of patients undergoing various treatment procedures and 
diagnoses, as well as the inherent heterogeneity of preva-
lence data, we anticipated substantial between-study het-
erogeneity. Therefore, this proportional meta-analysis was 
performed using a random-effects model [18]. In situations 
where multiple assessment tools were used to measure cog-
nitive impairment, prevalence data were obtained for meta-
analysis from the most frequently used assessment tools. The 
pooled prevalence estimates are expressed as percentages, 
along with 95% prediction intervals (PIs). Cochran’s Q test 
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and I2 statistics were used to assess statistical heterogene-
ity, where I2 values of 75% suggested high heterogeneity 
[19]. To evaluate the robustness of the pooled prevalence 
estimates, we conducted sensitivity analyses by excluding 
studies. We performed leave-one-out analyses to determine 
the impact of outliers [20]. A significant level of 0.05 was 
set. All statistical analyses were conducted using Stata 18 
software.

Results

Systematic search and study characteristics

The initial search produced a total of 1648 records from all 
databases, which 1364 records were retained following the 
elimination of duplicates. From these, 16 studies that were 
deemed eligible according to the pre-specified inclusion 
criteria, and had been published between 2018 and 2024, 
were ultimately selected for inclusion in this review (Fig. 1). 
Of all studies, only one study adopted retrospective design 

(75.9%) [21], while the rest used a prospective cohort design 
(n = 15, 17.2%) [22–36] for reporting the quantitative results. 
Most studies were conducted in North America (n = 9, 
56.3%), followed by Europe (n = 3, 18.8%), Asia (n = 1, 
6.3), and Oceania (n = 1, 6.3%). Two studies were multi-
center, prospective research recruiting participants interna-
tionally [24, 25]. Several cognitive functioning assessments 
were used including objective and subjective measures. For 
objective measures, neuropsychological assessments and 
overall observations as well as cognitive function screening 
such as Common Terminology Criteria for Adverse Events 
(CTCAE), American Society for Transplantation and Cel-
lular Therapy (ASTCT) grading scale, Mini Mental State 
Examination (MMSE), and Montreal Cognitive Assessment 
(MoCA). Subjective measures such as Everyday Cognition 
Questionnaire (ECog), European Organisation for Research 
and Treatment of Cancer Quality of Life C30 Questionnaire 
(EORTC QLQ-C30) cognitive function subscale, Quality of 
Life in Neurological Disorders questionnaire (NeuroQoLv2), 
and MD Anderson Symptom Inventory (MDASI) were used 
to capture perceived, subtle cognitive changes. A detailed 

Fig. 1   PRISMA 2020 flow diagram
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Fig. 2   Summary of cognitive function assessments. Cancer-related cognitive assessments for patients with hematologic malignancies receiving 
CAR T-cell therapy
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summary of all cognitive function assessments used in the 
included studies was displayed in Fig. 2. Figure 2 also cate-
gorized all neuropsychological tests, and their corresponding 
cognitive functions domains measured for. A total of 1407 
patients were included, with 53–80% of these patients were 
men. Table 1 shows the key characteristics of the included 
studies.

Risk of bias assessment

The risk of bias assessment result is summarized in Supple-
mentary Table S2. The methodological quality of all studies 
deemed satisfactory, and no study was excluded due to the 
risk of bias assessment. Most studies were rated as having 
good quality; the variations in scores were primarily attrib-
uted to the absence or ambiguity of adjustments made for 
confounding factors.

Cognitive functioning status and risk factors 
reported in the included studies

There were discrepancies between included studies while 
some reported improved or declined cognitive functioning 
within a month, within a year and more than 1 year after 
CAR T cell infusion. The main findings of cognitive func-
tioning were presented in Table 1. Of note, only very limited 
studies reported risk factors of CRCI among patients who 
received post-CART T cell therapy. Demographic factors 
such as sex, length of hospital stay, ICANS grade, CRS 
grade, and number of lines of previous therapy were not 
significantly associated with CRCI [22, 27, 32]. In addition, 
two studies reported that age was not associated with CRCI 
among adult patients [22, 27]. Nevertheless, Shalabi et al. 
[34] documented that three out of the eight adult patients 
exhibited reduced cognitive performance in at least one cog-
nitive domain while all seven pediatric patients evaluated 
(aged ≤ 18 years) did not exhibit declines (defined as a 0.75 
standard deviation change from baseline) in any of the four 
cognitive domains analyzed including attention, memory, 
processing speed, and cognitive flexibility.

Prevalence of cancer‑related cognitive impairment

The pooled prevalence rates of CRCI at the follow-up 
timepoints < 1 month, 1–12 months, and > 12 months were 
reported. At the follow-up timepoint of less than 1 month, 
the pooled prevalence rate of CRCI assessed using neu-
ropsychological tests was 24% (95%, PI 16–33%, n = 3). 
One study assessed CRCI using global cognitive function 
screening (MoCA), and the prevalence rate was 27% (95%, 
PI 7–52%) (Fig. 3A). At the follow-up timepoint of 1 to 
12 months, the pooled prevalence rate of CRCI assessed 
using neuropsychological tests was 33% (95%, PI 9–64%, 

n = 2), while three studies using overall observations 
(CTCAE/ASTCT) reported a prevalence rate of 17% (95%, 
PI 1–43%) (Fig. 3B). At the follow-up timepoint of more 
than 12 months, the prevalence rate of CRCI assessed using 
neuropsychological tests was 35% (95%, PI 23–48%, n = 1). 
One study using overall observations (CTCAE/ASTCT) 
reported a prevalence rate of 4% (95%, PI 3–16%), and 
another study that used self-reported questions to assess 
subjective cognitive complaints reported a prevalence 
rate of 38% (95%, PI 23–53%) (Fig. 3C). Leave-one-out 
analyses addressed identified outliers and influential stud-
ies and demonstrated that excluding single study at a time 
yielded increased and decreased prevalence rates of CRCI 
(Fig. 4). As shown in Fig. 4A, the prevalence of CRCI at 
the follow-up timepoints less than 1 month dropped to 22% 
when excluding study conducted by Maillet et al. [30]. For 
the follow-up timepoints at 1–12 month(s), the omission of 
study (3) [28] or (2) [27] seems to have a relatively larger 
influence when compared with other studies on the estima-
tion of the overall prevalence. Omitting study (1) causes 
the overall prevalence to increase by roughly 9%, whereas 
omitting study (2) causes the overall risk ratio to decrease 
by roughly 5% (Fig. 4B). For the follow-up timepoints more 
than 12 months, the prevalence of CRCI increased dramati-
cally to 36% when excluding study conducted by Li et al. 
[29] (Fig. 4C). These sensitivity analysis results indicate 
the prevalence rates are varying with potential outliers. The 
leave-one-out meta-analysis shown in Fig. 4 quantified the 
impact of these potential outliers on the estimation of the 
overall prevalence. Therefore, these overall results with 
potential outliers need to be interpreted with caution.

Discussion

This systematic review and proportional meta-analysis sum-
marized the cognitive functioning status and estimated the 
prevalence of CRCI following CAR T cell therapy at follow-
up within 1 month, 1 to 12 months, and > 12 months. The 
systematic review found 16 studies involving 1648 patients. 
The majority of these studies were considered to have a low 
risk of bias according to the NOS criteria. The findings sug-
gest that CRCI is prevalent among patients receiving CAR 
T cell therapy, especially during the initial follow-up period 
within 1 month. This is the first proportional meta-analy-
sis to report the prevalence of CRCI among patients with 
hematologic malignancies who received CAR T cell therapy. 
The results indicated that the CRCI prevalence rate assessed 
using neuropsychological tests can be as high as 24% within 
a month after CAR T cell therapy. For those patients who 
received CAR T cell therapy for more than 12 months, 
the estimated prevalence assessed using neuropsychologi-
cal tests was 35%, indicating that one-third of the patients 

312   Page 6 of 16 Supportive Care in Cancer (2025) 33:312



Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
stu

di
es

 (n
 =

 16
)

A
ut

ho
r, 

ye
ar

, c
ou

nt
ry

Sa
m

pl
e 

si
ze

D
ia

gn
os

is
A

ge
nt

/d
ru

g/
 o

f C
A

R-
T 

th
er

ap
y

M
ea

n 
ag

e
M

al
e 

(%
)

C
RC

I m
ea

su
re

m
en

t
C

og
ni

tiv
e 

fu
nc

tio
ni

ng
 re

su
lts

B
ar

at
a,

 [2
2]

, U
SA

11
8

10
2 

LB
C

L,
 1

6 
ot

he
r h

em
at

o-
lo

gi
c 

m
al

ig
na

nc
ie

s
A

xi
ca

bt
ag

en
e 

ci
lo

le
uc

el
, 

Ti
sa

ge
nl

ec
le

uc
el

, B
re

xu
-

ca
bt

ag
en

e 
au

to
le

uc
el

61
59

Ev
er

yd
ay

 C
og

ni
tio

n 
Q

ue
s-

tio
nn

ai
re

N
o 

si
gn

ifi
ca

nt
 m

ea
n 

le
ve

l 
ch

an
ge

s f
ro

m
 b

as
el

in
e 

to
 

da
y 

90
Fr

om
 d

ay
 9

0–
36

0,
 p

ar
tic

i-
pa

nt
s r

ep
or

te
d:

- W
or

se
ni

ng
 g

lo
ba

l c
og

ni
tio

n 
(p

 =
 .0

1,
 d

 =
 .1

8)
- M

em
or

y 
(p

 =
 .0

4,
 d

 =
 .1

5)
- L

an
gu

ag
e 

(p
 =

 .0
4,

 d
 =

 .1
5)

- O
rg

an
iz

at
io

n 
(p

 =
 .0

3,
 

d =
 .1

7)
- D

iv
id

ed
 a

tte
nt

io
n 

(p
 =

 .0
01

, 
d =

 .2
8)

B
el

in
, [

23
], 

Fr
an

ce
84

Re
la

ps
in

g 
B

C
L 

(7
6 

D
LB

C
L,

 
6 

tF
L,

 2
 F

L)
A

xi
ca

bt
as

en
e 

ci
lo

le
uc

el
, 

Ti
sa

ge
nl

ec
le

uc
el

59
 (m

ed
ia

n)
69

C
TC

A
E,

 A
ST

C
T 

gr
ad

in
g 

sc
al

e,
 a

nd
 c

lin
ic

al
 n

ot
es

 
as

se
ss

ed
 b

y 
ne

ur
ol

og
ist

s

Fr
eq

ue
nc

ie
s:

 1
0 

ap
ha

si
a,

 
7 

ex
ec

ut
iv

e 
di

so
rd

er
s, 

5 
ag

ra
ph

ia
, 5

 c
og

ni
tiv

e 
sl

ow
-

ne
ss

, 2
 a

pr
ax

ia
, 2

 d
is

or
i-

en
ta

tio
n,

 2
 re

stl
es

sn
es

s, 
1 

at
te

nt
io

n,
 1

 d
ys

ar
th

ria
, 1

 
dy

sc
al

cu
lia

, 1
 h

em
in

eg
le

ct
 

sy
nd

ro
m

e,
 1

 m
em

or
y 

di
so

r-
de

rs
, 1

 h
al

lu
ci

na
tio

n
- M

ea
n 

du
ra

tio
n 

of
 a

ll 
ne

ur
o-

lo
gi

ca
l (

in
cl

ud
in

g 
co

gn
iti

ve
) 

sy
m

pt
om

s w
as

 6
 d

ay
s

C
oh

en
, [

24
], 

U
SA

 a
nd

 Ja
pa

n
97

Re
la

ps
ed

 o
r r

ef
ra

ct
or

y 
m

ul
ti-

pl
e 

m
ye

lo
m

a
C

ilt
ac

ab
ta

ge
ne

 a
ut

ol
eu

ce
l

61
 (m

ed
ia

n)
59

C
TC

A
E,

 A
ST

C
T 

gr
ad

in
g 

sc
al

e,
 p

at
ie

nt
 re

po
rte

d 
an

d 
cl

in
ic

ia
n-

as
se

ss
ed

IC
A

N
S 

w
as

 o
bs

er
ve

d 
in

 1
6%

 
of

 p
at

ie
nt

s;
 m

os
t p

at
ie

nt
s 

ha
d 

gr
ad

e 
1/

2 
IC

A
N

S,
 

on
e 

pa
tie

nt
 h

ad
 g

ra
de

 3
 

an
d 

an
ot

he
r h

ad
 g

ra
de

 4
 

IC
A

N
S 

(in
cl

ud
in

g 
co

gn
iti

ve
 

sy
m

pt
om

s)
- M

ed
ia

n 
on

se
t w

as
 8

 d
ay

s, 
an

d 
m

ea
n 

du
ra

tio
n 

w
as

 
4 

da
ys

D
el

fo
rg

e,
 [2

6]
, U

SA
12

8
Re

la
ps

ed
 a

nd
 re

fr
ac

to
ry

 
m

ul
tip

le
 m

ye
lo

m
a

Id
ec

ab
ta

ge
ne

 v
ic

le
uc

e
N

R
N

R
EO

RT
C

 Q
LQ

-C
30

 c
og

ni
tiv

e 
fu

nc
tio

ni
ng

Im
pr

ov
em

en
ts

 a
cr

os
s a

ss
es

s-
m

en
t v

is
its

 (m
on

th
s 2

–9
) 

bu
t t

he
se

 im
pr

ov
em

en
ts

 d
id

 
no

t p
er

si
st 

th
ro

ug
h 

m
on

th
s 

12
–1

8

Page 7 of 16    312Supportive Care in Cancer (2025) 33:312



Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, c
ou

nt
ry

Sa
m

pl
e 

si
ze

D
ia

gn
os

is
A

ge
nt

/d
ru

g/
 o

f C
A

R-
T 

th
er

ap
y

M
ea

n 
ag

e
M

al
e 

(%
)

C
RC

I m
ea

su
re

m
en

t
C

og
ni

tiv
e 

fu
nc

tio
ni

ng
 re

su
lts

D
el

fo
rg

e,
 [2

5]
, I

nt
er

na
tio

na
la

38
6

Re
la

ps
ed

 o
r r

ef
ra

ct
or

y 
m

ul
ti-

pl
e 

m
ye

lo
m

a
Id

ec
ab

ta
ge

ne
 v

ic
le

uc
el

 a
nd

 
st

an
da

rd
 re

gi
m

en
s

63
 (m

ed
ia

n)
61

EO
RT

C
 Q

LQ
-C

30
 c

og
ni

tiv
e 

fu
nc

tio
ni

ng
Im

pr
ov

em
en

ts
 a

cr
os

s a
ss

es
s-

m
en

t v
is

its
 (b

as
el

in
e 

to
 

m
on

th
 2

0)
 b

ut
 d

id
 n

ot
 

ex
ce

ed
 th

e 
w

ith
in

-g
ro

up
 

m
in

im
al

ly
 im

po
rta

nt
 d

iff
er

-
en

ce
 th

re
sh

ol
ds

H
oo

gl
an

d,
 [2

7]
, U

SA
11

7
N

H
L:

 7
5 

D
LB

C
L,

 3
9 

FL
/

tF
L,

 2
 P

M
B

L,
 1

 M
C

L
A

xi
ca

bt
ag

en
e 

ci
lo

le
uc

el
, 

Ti
sa

ge
nl

ec
le

uc
el

60
.9

62
W

TA
R

, R
BA

N
S,

 C
TT

-1
 &

 
2,

 C
PT

3,
 S

C
W

T​
T o

ta
l n

eu
ro

co
gn

iti
ve

 p
er

fo
r-

m
an

ce
 a

nd
 e

xe
cu

tiv
e 

fu
nc

-
tio

n 
de

cl
in

ed
 fr

om
 b

as
el

in
e 

to
 d

ay
 9

0 
an

d 
th

en
 im

pr
ov

ed
 

fro
m

 d
ay

 9
0 

to
 d

ay
 3

60
 

(p
 <

 .0
4)

- T
he

 m
ag

ni
tu

de
 o

f i
m

pr
ov

e-
m

en
t f

ro
m

 b
as

el
in

e 
to

 d
ay

 
36

0 
w

as
 sm

al
l (

d  =
 .1

6 
in

 to
ta

l n
eu

ro
co

gn
iti

ve
 

pe
rfo

rm
an

ce
 a

nd
 d

 =
 .2

2 
in

 
ex

ec
ut

iv
e 

fu
nc

tio
n)

- S
m

al
l l

in
ea

r d
ec

lin
es

 in
 

vi
su

os
pa

tia
l a

bi
lit

ie
s o

ve
r 

tim
e 

(d
 =

  −
 .2

6,
 p

 =
 .0

3)
Le

vi
ne

, [
28

], 
U

SA
13

7
FL

/tF
L

Ti
sa

ge
nl

ec
le

uc
el

12
 (m

ed
ia

n)
53

C
TC

A
E

Fr
eq

ue
nc

ie
s:

 1
3 

co
nf

us
io

n,
 

4 
m

en
ta

l s
ta

tu
s c

ha
ng

es
, 3

 
co

gn
iti

ve
 d

is
or

de
r

Li
, [

29
], 

C
hi

na
29

PM
B

L,
 M

C
L

C
D

19
 ta

rg
et

ed
 C

A
R

 T
 c

el
ls

62
 (m

ed
ia

n)
58

.6
C

TC
A

E
Pe

rc
en

ta
ge

s:
 c

on
fu

si
on

 
(1

0.
3%

) a
nd

 a
ph

as
ia

 (6
.8

%
)

M
ai

lle
t, 

[3
0]

, F
ra

nc
e

27
Re

la
ps

in
g 

B
-c

el
l l

ym
ph

om
a

A
xi

ca
bt

ag
en

e 
ci

lo
le

uc
el

. 
Ti

sa
ge

nl
ec

le
uc

el
58

59
M

M
SE

, F
re

nc
h 

FC
SR

T,
 

Re
ca

ll 
RO

C
F,

 D
G

S,
 T

M
T 

Pa
rt 

A
&

B
, S

tro
op

 te
st,

 
or

al
 n

am
in

g 
ta

sk
 o

f 8
0 

im
ag

es
, s

V
F,

 d
ic

ta
tio

n 
an

d 
re

pe
tit

io
n 

of
 B

D
A

E,
 P

ra
xi

s 
ba

tte
ry

, Q
M

R
P

Pe
rfo

rm
an

ce
s i

m
pr

ov
ed

 
be

tw
ee

n 
ba

se
lin

e 
an

d 
fo

llo
w

-u
p:

- V
is

uo
-c

on
str

uc
tio

n 
(p

 <
 .0

01
)

- V
is

uo
sp

at
ia

l m
em

or
y 

(p
 <

 .0
01

)
- W

or
ki

ng
 m

em
or

y 
(p

 =
 .0

02
)

30
%

 o
f t

he
 sa

m
pl

e 
re

po
rte

d 
m

em
or

y 
co

m
pl

ai
nt

s a
t 

ba
se

lin
e 

co
m

pa
re

d 
to

 1
1%

 a
t 

fo
llo

w
-u

p

312   Page 8 of 16 Supportive Care in Cancer (2025) 33:312



Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, c
ou

nt
ry

Sa
m

pl
e 

si
ze

D
ia

gn
os

is
A

ge
nt

/d
ru

g/
 o

f C
A

R-
T 

th
er

ap
y

M
ea

n 
ag

e
M

al
e 

(%
)

C
RC

I m
ea

su
re

m
en

t
C

og
ni

tiv
e 

fu
nc

tio
ni

ng
 re

su
lts

M
öh

n,
 [3

1]
, F

ra
nc

e
15

10
 D

LB
C

L,
 5

 tF
L

Ti
sa

ge
nl

ec
le

uc
el

56
.3

60
M

oC
A

M
oC

A
 sc

or
es

 re
m

ai
ne

d 
in

 th
e 

no
rm

al
 ra

ng
e 

fo
r 1

1 
of

 th
e 

15
 p

at
ie

nt
s w

ith
in

 1
0-

da
y 

m
on

ito
rin

g 
pe

rio
d

- I
CA

N
S 

w
as

 d
ia

gn
os

ed
 in

 th
e 

re
m

ai
ni

ng
 4

 p
at

ie
nt

s, 
an

d 
3 

of
 th

es
e 

pa
tie

nt
s s

ho
w

ed
 

ste
ep

 d
ro

p 
in

 M
oC

A
 re

su
lts

. 
Tw

o 
pa

tie
nt

s M
oC

A
 sc

or
es

 
im

pr
ov

ed
 to

 th
e 

no
rm

al
 

ra
ng

e
Ru

ar
k,

 [3
2]

, U
SA

40
15

 R
el

ap
se

 o
r r

ef
ra

ct
or

y 
ch

ro
ni

c 
ly

m
ph

oc
yt

ic
 le

u-
ke

m
ia

, 1
1 

A
LL

, 1
4 

N
H

L:
 

7 
D

LB
C

L,
 1

 H
G

B
C

L,
 

1 
B

ur
ki

tt 
ly

m
ph

om
a,

 3
 

M
C

L,
 2

 F
L

B
io

lo
gi

ca
l: 

au
to

lo
go

us
 

an
ti-

C
D

19
CA

R-
4-

1B
B

-
C

D
3z

et
a-

EG
FR

t-e
xp

re
ss

-
in

g 
T 

ly
m

ph
oc

yt
es

54
 (m

ed
ia

n)
62

.5
4 

se
lf-

re
po

rt 
co

gn
iti

ve
 

fu
nc

tio
ni

ng
 q

ue
sti

on
s 

(c
on

ce
nt

ra
tio

n,
 fi

nd
in

g 
w

or
ds

, m
em

or
y,

 o
r s

ol
vi

ng
 

pr
ob

le
m

s)

37
.5

%
 o

f p
at

ie
nt

s r
ep

or
te

d 
on

e 
or

 m
or

e 
co

gn
iti

ve
 d

if-
fic

ul
tie

s i
nc

lu
di

ng
:

- M
em

or
y 

(3
5%

)
- W

or
d 

fin
di

ng
 (3

0%
)

- C
on

ce
nt

ra
tio

n 
(2

2.
5%

)
- P

ro
bl

em
-s

ol
vi

ng
 (1

2.
5%

)
- 1

0%
 o

f p
at

ie
nt

s r
ep

or
te

d 
ex

pe
rie

nc
in

g 
al

l f
ou

r c
og

ni
-

tiv
e 

di
ffi

cu
lti

es
Sa

le
s, 

[3
3]

, A
us

tra
lia

53
Re

la
ps

ed
 D

LB
C

L 
m

ul
tip

le
 

m
ye

lo
m

a 
or

 m
ed

ia
sti

na
l 

ly
m

ph
om

a

A
xi

ca
bt

ag
en

e 
ci

lo
le

uc
el

, 
Ti

sa
ge

nl
ec

le
uc

el
N

R
N

R
M

oC
A

, S
tru

ct
ur

ed
 st

an
da

rd
 

ne
ur

ol
og

ic
al

 e
xa

m
in

at
io

n
C

ha
ng

es
 in

 c
og

ni
tio

n 
w

er
e 

m
an

ife
ste

d 
in

 m
os

t p
at

ie
nt

s, 
w

ith
 a

 m
or

e 
su

bs
ta

nt
ia

l 
dr

op
 n

ot
ed

 in
 th

ei
r M

oC
A

 
co

m
pa

re
d 

to
 IC

E 
sc

or
es

- A
ll 

m
an

ife
st

at
io

ns
 o

f n
eu

ro
-

to
xi

ci
ty

 w
er

e 
sh

or
t-l

iv
ed

 a
nd

 
re

so
lv

ed
 w

ith
in

 a
 1

-m
on

th
 

pe
rio

d 
w

ith
 a

 m
ea

n 
du

ra
tio

n 
of

 8
.2

 d
ay

s
(r

an
ge

 =
 1–

33
)

Sh
al

ab
i, 

 [3
4]

, U
S

22
Re

la
ps

ed
 o

r r
ef

ra
ct

or
y 

B
 c

el
l 

m
al

ig
na

nc
ie

s
C

D
22

 ta
rg

et
ed

 C
A

R
 T

 c
el

ls
17

.9
63

.9
N

IH
 T

oo
lb

ox
: D

C
C

S,
 

FI
CA

T,
 L

SW
M

T,
 

W
ec

hs
le

r P
SI

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 
be

tw
ee

n 
pr

e-
 a

nd
 p

os
t-i

nf
u-

si
on

 o
n 

th
e 

D
C

C
S,

 F
IC

A
T,

 
an

d 
LS

W
M

T 
at

 th
e 

gr
ou

p 
le

ve
l

- T
he

re
 w

as
 a

 si
gn

ifi
ca

nt
 

im
pr

ov
em

en
t i

n 
PS

I (
m

ea
n 

di
ffe

re
nc

e =
 6.

06
, t

 =
 2.

15
, 

p  =
 .0

48
)

Page 9 of 16    312Supportive Care in Cancer (2025) 33:312



Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

, c
ou

nt
ry

Sa
m

pl
e 

si
ze

D
ia

gn
os

is
A

ge
nt

/d
ru

g/
 o

f C
A

R-
T 

th
er

ap
y

M
ea

n 
ag

e
M

al
e 

(%
)

C
RC

I m
ea

su
re

m
en

t
C

og
ni

tiv
e 

fu
nc

tio
ni

ng
 re

su
lts

Si
da

na
, [

35
], 

U
SA

34
8 

M
ye

lo
m

a,
 2

3 
ly

m
ph

om
a,

 3
 

le
uk

em
ia

s o
r o

th
er

 m
ye

lo
id

 
ne

op
la

sm
s

N
R

62
 (m

ed
ia

n)
53

N
eu

ro
Q

oL
v2

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
n 

N
eu

ro
Q

oL
v2

 sc
or

e 
at

 m
on

th
 

4 
co

m
pa

re
d 

to
 b

as
el

in
e

- H
ow

ev
er

, t
hi

s i
m

pr
ov

em
en

t 
w

as
 n

ot
 c

lin
ic

al
ly

 m
ea

ni
ng

-
fu

l (
ch

an
ge

 <
 8 

po
in

ts
) a

nd
 

no
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t 
th

e 
ot

he
r t

im
e 

po
in

ts
W

an
g,

 [3
6]

, U
SA

60
3 

ac
ut

e 
le

uk
em

ia
, 5

7 
LB

C
L

A
xi

ca
bt

ag
en

e 
ci

lo
le

uc
el

, 
Ti

sa
ge

nl
ec

le
uc

el
56

.4
76

.7
M

D
A

SI
 (o

ne
 it

em
 o

n 
co

gn
i-

tio
n/

di
ffi

cu
lty

 re
m

em
be

r-
in

g)

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 

th
e 

co
gn

iti
on

 it
em

 ra
tin

gs
 

on
 th

e 
M

D
A

SI
 b

et
w

ee
n 

pa
tie

nt
s w

ho
 re

ce
iv

ed
 C

A
R

 
T 

le
ss

 th
an

 3
0 

da
y,

 b
et

w
ee

n 
30

 a
nd

 9
0 

da
ys

, a
nd

 m
or

e 
th

an
 9

0 
da

ys
 o

f c
om

pl
et

in
g 

th
e 

stu
dy

W
ud

hi
ka

rn
, [

21
], 

U
SA

b
60

35
 D

e 
no

vo
 D

LB
C

L,
 2

5 
TI

L
A

xi
ca

bt
ag

en
e 

ci
lo

le
uc

el
, 

Ti
sa

ge
nl

ec
le

uc
el

63
 (m

ed
ia

n)
80

C
TC

A
E,

 A
ST

C
T 

gr
ad

in
g 

sc
al

e
C

om
m

on
 n

eu
ro

lo
gi

c 
ev

en
ts

: 
co

nf
us

io
n/

co
gn

iti
ve

 im
pa

ir-
m

en
t (

n =
 11

), 
ap

ha
si

a 
(n

 =
 3)

. M
ed

ia
n 

on
se

t f
or

 
IC

A
N

S 
w

as
 5

 d
ay

s

a  B
el

gi
um

, C
an

ad
a,

 F
ra

nc
e,

 G
er

m
an

y,
 It

al
y,

 Ja
pa

n,
 T

he
 N

et
he

rla
nd

s, 
N

or
w

ay
, S

pa
in

, S
w

itz
er

la
nd

, U
K

, U
SA

. b Re
tro

sp
ec

tiv
e 

de
si

gn
, t

he
 re

st 
stu

di
es

 a
do

pt
ed

 p
ro

sp
ec

tiv
e 

de
si

gn
CA

R-
T,

 c
hi

m
er

ic
 a

nt
ig

en
 re

ce
pt

or
 T

 c
el

l; 
C

RC
I, 

ca
nc

er
-r

el
at

ed
 c

og
ni

tiv
e 

im
pa

irm
en

t; 
LB

C
L,

 la
rg

e 
B

 c
el

l l
ym

ph
om

as
; D

LB
C

L,
 d

iff
us

e 
la

rg
e 

B
 c

el
l l

ym
ph

om
a;

 tF
L,

 tr
an

sf
or

m
ed

 fo
lli

cu
la

r l
ym

-
ph

om
a;

 N
H

L,
 n

on
-H

od
gk

in
 ly

m
ph

om
a;

 P
M

BL
, p

rim
ar

y 
m

ed
ia

sti
na

l B
 c

el
l l

ym
ph

om
a;

 M
C

L,
 m

an
tle

 c
el

l l
ym

ph
om

a;
 A

LL
, a

cu
te

 ly
m

ph
ob

la
sti

c 
le

uk
em

ia
; H

G
BC

L,
 h

ig
h-

gr
ad

e 
B

 c
el

l l
ym

ph
om

a;
 

TI
L,

 t
ra

ns
fo

rm
ed

 i
nd

ol
en

t 
ly

m
ph

om
a;

 N
R,

 n
ot

 r
ep

or
te

d;
 C

TC
AE

, C
om

m
on

 T
er

m
in

ol
og

y 
C

rit
er

ia
 f

or
 A

dv
er

se
 E

ve
nt

s;
 A

ST
C

T​,
 A

m
er

ic
an

 S
oc

ie
ty

 f
or

 T
ra

ns
pl

an
ta

tio
n 

an
d 

C
el

lu
la

r 
Th

er
ap

y;
 

IC
AN

S,
 im

m
un

e 
eff

ec
to

r c
el

l-a
ss

oc
ia

te
d 

ne
ur

ot
ox

ic
ity

 s
yn

dr
om

e;
 E

O
RT

C
 Q

LQ
-C

30
, E

ur
op

ea
n 

O
rg

an
is

at
io

n 
fo

r R
es

ea
rc

h 
an

d 
Tr

ea
tm

en
t o

f C
an

ce
r Q

ua
lit

y 
of

 L
ife

 C
30

 Q
ue

sti
on

na
ire

; W
TA

R​,
 

W
ec

hs
le

r T
es

t o
f A

du
lt 

Re
ad

in
g;

 R
BA

N
S,

 re
pe

at
ab

le
 b

at
te

ry
 fo

r t
he

 a
ss

es
sm

en
t o

f n
eu

ro
ps

yc
ho

lo
gi

ca
l s

ta
tu

s;
 C

TT
​, c

ol
or

 tr
ai

ls
 te

st
; C

PT
3,

 C
on

no
rs

 C
on

tin
uo

us
 P

er
fo

rm
an

ce
 T

es
t T

hi
rd

 E
di

tio
n;

 
SC

W
T​,

 S
tro

op
 C

ol
or

 a
nd

 W
or

d 
Te

st
; M

M
SE

, M
in

i M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n;
 F

C
SR

T,
 F

re
e 

an
d 

C
ue

d 
Se

le
ct

iv
e 

Re
m

in
di

ng
 T

es
t; 

RO
C

F,
 R

ey
-O

ste
rr

ie
th

 c
om

pl
ex

 fi
gu

re
; D

G
S,

 d
ig

it 
sp

an
; T

M
T,

 
Tr

ai
l M

ak
in

g 
Te

st
; s

VF
, s

em
an

tic
 v

er
ba

l fl
ue

nc
y;

 B
D

AE
, B

os
to

n 
D

ia
gn

os
tic

 A
ph

as
ia

 E
xa

m
in

at
io

n;
 Q

M
RP

, P
ro

sp
ec

tiv
e 

an
d 

Re
tro

sp
ec

tiv
e 

M
em

or
y 

Q
ue

sti
on

na
ire

; M
oC

A,
 M

on
tre

al
 C

og
ni

tiv
e 

A
ss

es
sm

en
t; 

N
IH

, N
at

io
na

l I
ns

tit
ut

es
 o

f 
H

ea
lth

; D
C

C
S,

 D
im

en
si

on
al

 C
ha

ng
e 

C
ar

d 
So

rt 
Te

st
; F

IC
AT

​, F
la

nk
er

 I
nh

ib
ito

ry
 C

on
tro

l a
nd

 A
tte

nt
io

n 
Te

st
; L

SW
M

T,
 L

ist
 S

or
tin

g 
W

or
ki

ng
 M

em
or

y 
Te

st
; P

SI
, P

ro
ce

ss
in

g 
Sp

ee
d 

In
de

x;
 N

eu
ro

Q
oL

v2
, Q

ua
lit

y 
of

 L
ife

 in
 N

eu
ro

lo
gi

ca
l D

is
or

de
rs

 q
ue

sti
on

na
ire

; I
C

E,
 im

m
un

e 
eff

ec
to

r c
el

l-a
ss

oc
ia

te
d 

en
ce

ph
al

op
at

hy
; M

D
AS

I, 
M

D
 A

nd
er

so
n 

Sy
m

p-
to

m
 In

ve
nt

o

312   Page 10 of 16 Supportive Care in Cancer (2025) 33:312



Fig. 3   Pooled proportions of 
cancer-related cognitive impair-
ment at A within a month, B 
1 to 12 month(s), and C over 
12-month follow-up. (a) Neu-
ropsychological tests. (b) Over-
all observations: CTCAE. (c) 
Subjective cognitive complaints 
(self-reported questions)

(B)  

 
(C)  

(A)  
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developed CRCI at the long-term follow-up assessment. This 
study adds to the existing knowledge by providing estimates 
of the prevalence of CRCI after CAR T cell therapy at short-
term and long-term follow-ups. Nevertheless, the results of 
this meta‐analysis must be interpreted with caution due to 
the high between‐ study heterogeneity.

Cognitive function in patients who received CAR T 
cell therapy

This review found that there were discrepancies in the 
included studies while some reported of maintained, 
improved, or declined cognitive function within a month, 

within a year, and more than 1 year following CAR T cell 
therapy. However, noted that these studies were adopted 
different cognitive function measures (i.e., subjective and 
objective approaches) and the heterogeneity of study popula-
tion (i.e., cancer severity, treatment received, baseline cogni-
tive condition, CAR T cell therapy agent type, and history 
of other diseases that may influence the cognitive function), 
it is difficult to estimate the incidence of newly developed 
neurotoxicity symptoms or trajectories of CRCI in this par-
ticular group of patients. These varied outcomes may be 
indicative of the diversity within the study population. Sub-
sequent research efforts should aim to explore the potential 
impact of these factors on cognitive function.

Fig. 4   Leave-one-out meta-
analysis on cancer-related 
cognitive impairment preva-
lence at A within a month, B 
1 to 12 month(s), and C over 
12-month follow-up
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We aimed to investigate the cognitive functioning sta-
tus observed in both short-term and long-term follow-ups. 
Despite some observed patterns, discerning cognitive 
deficits has proven difficult due to the heterogeneity of the 
studies. The review highlights the common occurrence of 
neurotoxicity related to CAR T cell therapy and CRCI in 
hematological malignancies. These impairments range 
from attention fluctuations to deficits in memory, execu-
tive function, and visuospatial construction [21, 22, 27, 30, 
32, 33]. Furthermore, specific deficits on certain cognitive 
functioning domains such as executive function, language, 
and disorientation have been noted, particularly in the short-
term follow-up period, but the reason for this commonality 
remains unclear [21, 23]. The review stresses the need for 
future studies to conduct longitudinal analyses of cognition 
in both acute and chronic settings of CAR T cell therapy. 
This evidence is essential as it enhances our comprehension 
of disease mechanisms and equips us with the necessary 
tools to monitor and implement suitable preventive strategies 
or nonpharmacological interventions for CRCI.

Cancer‑related cognitive impairment assessments 
in patients received CAR T cell therapy

This review emphasizes the necessity of combining neu-
ropsychological tests and self-reported assessment to 
effectively characterize cognitive functioning status in this 
specific patient group. For instance, individuals who are 
unaware of their cognitive shortcomings may downplay 
deficits that are noticeable during assessments [37]. On the 
other hand, certain subjective cognitive impairments may 
not be detectable through neuropsychological assessments. 
Since cognitive tests have not been specifically validated 
for individuals undergoing CAR T cell therapy, there is a 
possibility that these tests may lack sensitivity or validity 
within this particular patient group [38]. In the broader 
cancer literature, attempts were undertaken to validate neu-
ropsychological tests for assessing CRCI. The International 
Cognition and Cancer Task Force (ICCTF) has provided 
clear recommendations for the use of neuropsychological 
tests in assessing cognitive impairment [39]. These tests are 
specifically designed to evaluate cognitive function in cancer 
patients and include measures of attention, memory, execu-
tive function, processing speed, and language [1, 39]. The 
use of these tests can provide a more comprehensive assess-
ment of cognitive impairment compared to the ICE score, 
which has limitations. By using these neuropsychological 
tests, healthcare providers can more accurately diagnose and 
treat cognitive impairment in patients who have undergone 
CAR T cell therapy or other cancer treatments.

Among all included studies, only two studies [27, 30] 
highlighted that the ICCTF recommendations were followed, 
stressing the need for future studies to use such tests to assess 

CRCI in this particular population. Apart from utilizing a 
core set of neuropsychological tests, the following recom-
mendations by ICCTF and existing cancer literature for future 
research investigating CRCI in patients who have received 
CAR T cell therapy are as follows: (1) defining common 
criteria for CRCI particular in those studies using subjec-
tive measure to capture subtle change in cognition. Establish 
criteria for defining cognitive impairment can help ensure 
consistency in assessing cognitive changes across different 
studies; (2) incorporating longitudinal assessments for CRCI 
that include an assessment before CAR T cell infusion to 
track changes in cognitive function over time following CAR 
T cell therapy. This can provide insights into the course of 
CRCI and potential recovery patterns; (3) minimizing prac-
tice effects and measurement error is particularly important 
in uncontrolled trials where differential practice effects can-
not be analyzed. Some included studies assessed cognitive 
function using objective tests or screening tool in a frequent 
and short period of time (e.g., daily within 10 days after CAR 
T cell infusion) which may cause potential practice effects or 
memory bias; (4) collaborating across multiple institutions to 
collect larger samples and address research questions related 
to the cognitive effects of CAR T cell therapy in patients with 
hematologic malignancies. Multicenter studies can help pro-
vide more robust data and insights into cognitive impairment 
in this population [39, 40]. By incorporating these recom-
mendations into future studies focusing on CRCI in patients 
with hematologic malignancies who have undergone CAR T 
cell therapy can enhance the understanding of CRCI associ-
ated with this treatment modality and improve patient care 
and outcomes in this specific population.

Strengths and limitations

This review’s strength lies in its comprehensive literature 
search utilized six databases, which resulted in the inclusion 
of a large number of studies from diverse geographic regions 
for meta-analyses. Validated appraisal tool was utilized to 
assess the methodological quality of included studies, and 
none of the studies included in this meta-analysis was found 
to have a high risk of bias.

Although this review has several strengths, it also has 
certain limitations that must be taken into account. First, the 
significant heterogeneity was observed in our pooled analy-
ses, which suggests that the results should be interpreted 
with caution. This issue is not unique to our study, as other 
proportional meta-analyses investigating the prevalence of a 
particular condition have also reported marked heterogeneity, 
which is reflected in their elevated I2 values [41]. In propor-
tional meta-analysis, high I2 values are expected and may not 
represent important between-study heterogeneity [41]. Second, 
despite prevalence in subgroups were compared at the regional 
level, studies were mainly conducted in North America and 
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Europe (predominately the USA), whereas Oceania and Asia 
populations were underrepresented. The generalizability of 
the prevalence estimates to other regions may be constrained 
due to certain limitations of this review. Thirdly, when mul-
tiple instruments were used to assess cognitive function, we 
selected prevalence data from the most frequently used instru-
ment across the studies which may cause the selection bias. 
Fourth, other sensitivity analysis such as subgroup analyses 
and meta-regression are not performed due to the small num-
ber of included studies. Lastly, the exclusion of non-English 
articles could have led to the exclusion of pertinent studies.

Conclusion

The present systematic review and proportional meta-analysis 
summarized the cognitive functioning status and pooled esti-
mated prevalence rates of CRCI at three different follow-up 
timepoints: < 1 month, 1–12 months, and > 12 months. The 
results showed that the prevalence rates were 30%, 22%, and 
24%, respectively. These findings suggest that cognitive impair-
ment is a common complication in cancer patients across dif-
ferent follow-up periods. This study also highlights the need for 
further research to develop targeted interventions to prevent or 
manage CRCI at short-term and long-term follow-ups.
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