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Abstract

A paradigm shift is occurring in cancer therapy, where instead of targeting tumor cells, immunotherapy agents (IA) target the
immune system to overcome cancer tolerance and to stimulate an antitumor immune response. IA using immune
checkpoint inhibitors (CPI) or chimeric antigen receptor T-cells have emerged as the most encouraging approaches to treat
cancer patients. CPI are reported to induce moderate-to-severe neurologic immune-related adverse events in less than 1% of
patients, whereas chimeric antigen receptor T-cell therapy is associated with frequent neurological toxicities that can be se-
vere or even fatal. Cognitive difficulties have been described following chemotherapy and targeted therapy, but not specifi-
cally explored in patients receiving IA. The aim of this review is to establish a picture of the first published studies suggesting
some biological and physiopathological effects of IA on cognitive functions among cancer patients. The first results originate
from a preclinical study evaluating the role of CPI associated with peripheral radiation on cognitive dysfunction and the re-
cent discovery of the central nervous lymphatic system allowing leukocytes to penetrate the central nervous system.
Evaluating possible side effects of IA on cognitive function will be an important challenge for future clinical trials and for bet-
ter understanding the underlying mechanisms through preclinical animal models.

Increasing survival for cancer patients has transformed long-
term patient management, even in patients with metastatic can-
cers. Current cancer treatments have been associated with
negative effects on cognitive functions, with perceived cognitive
impairment experienced during and after treatment. These
effects may be subjectively assessed by the patient or objectively
assessed by neuropsychological tests and/or neuroimaging tech-
niques, including structural and functional magnetic resonance
imaging (1,2). Of the survivors, 16% to 60% (according to the stud-
ies and principally among female breast cancer patients) had ob-
jective cognitive decline (3). The rate of cognitive complaints is
higher and reported to be up to 75% in a recent literature review
(4). The cognitive impairment induced by chemotherapy, known
as “chemofog,” affects learning, memory, attention, executive
function, and processing speed (5,6). The mechanisms by which
chemotherapy induces brain neurotoxicity and cognitive disor-
ders are hypothesized to involve the release of proinflammatory

mediators such as cytokines and chemokines, reactive oxygen
species production, microglia activation, astrogliosis, myelin deg-
radation, and likely potential alteration of the blood–brain barrier
(7). Some targeted therapies such as antiangiogenic agents have
also been associated with cognitive decline (8).

Immunotherapy agents (IA), encompassing monoclonal
antibodies directed against immune checkpoints that inhibit T-
cell activation, have emerged as a new cancer therapy (9).
Checkpoint inhibitors (CPI) are used as monotherapy or in com-
bination. Combination treatment has been found to be more ef-
ficacious, as demonstrated in patients with brain metastases
from melanoma (10) and in the GL261 syngeneic mouse model
of glioblastoma multiforme (11). However, CPI can cause inflam-
mation, which may contribute to changes in neurobiology (7).
The association with chemotherapy (12) or with radiotherapy
(13) has produced promising results in various cancers but could
potentiate neurological toxicities (Figure 1), with a negative
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effect on cognitive functions. Anticancer immunotherapy
encompasses other approaches, such as chimeric antigen re-
ceptor (CAR) T-cell therapy, developed to target cancer-related
cell-surface molecules (14). The use of CAR T-cells is approved
for certain hematological cancers and is currently under investi-
gation in other cancers. The main side effects are linked with
cytokine release syndrome (CRS) with some potential frequent
severe neurological toxicities (15). These side effects are com-
mon and can affect cognitive function.

Nevertheless, in the pivotal studies evaluating CPI, cogni-
tive impairment has not been specifically evaluated, and this
potential side effect has probably been underestimated. In
view of the effect on cognition of chemotherapy and other
cancer treatments, it is essential to characterize any potential
cognitive impairment induced by immunotherapy, including
the physio-pathological mechanisms and preventive
strategies.

Neurological Immune-Related Adverse Events
Associated With Immunotherapy

CPI

Immune-related adverse events resulting from potentiation of
immune response in checkpoint inhibitors have been described
to affect nearly all organs (16). The incidence of immune-related

neurological adverse events is probably underestimated, partic-
ularly when these events are transient or mild, and do not re-
quire a neurological consultation (17). The overall incidence of
reported neurological adverse events of any grade was from
3.8% to 6.1% with one agent and 12.0% with combination ther-
apy. Most of these neurological adverse events were grade 1–2
in severity; the incidence of high-grade toxicity (7,8) was less
than 1% for all types of treatment (18).

The clinical spectrum of neurological disorders is heteroge-
neous. Headaches, encephalopathy, and meningitis are the most
commonly reported (21%, 19%, and 15%, respectively).
Hypophysitis, previously unfamiliar to most oncologists, has also
been reported. This refers to a chronic inflammation of the pitui-
tary gland, inducing endocrine disorders (19); it occurs in up to
18% of metastatic melanoma patients treated with ipilimumab,
with 5% of patients having grade 3 toxicity or worse (20). This sug-
gests that immunotherapy via hypophysis dysregulation and ma-
jor global hormonal changes could affect attention and induce
fatigue and cognitive complaints without directly causing damage
to the brain. In that context, an absence of cortisol response in
cancer patients has been associated with an impaired delayed re-
call performance (21), suggesting also an indirect neuroendocrine
regulation of cognitive functions.

Fatigue is one of the more frequent side effects reported by
patients receiving immunotherapy, with an incidence greater
than 20% for PD-1 and CTLA-4 inhibitors (22). Cognitive

Figure 1. The potential effect of immunotherapy agents on cognitive functions. Immunotherapy agents, anti-CTLA-4 and anti-PD-(L)1 antibodies, are used in mono-

therapy or in combined therapy, and they have shown efficacy in numerous tumors outside the brain. The connection between the glymphatic system and the menin-

geal lymphatic system allows the crossing of T-cells and cytokines and could explain the effect of immunotherapy on central tumors. Louveau and colleagues (38)

have put forth a model in which the glymphatic system drains to the meningeal lymphatic vessels via the cerebrospinal fluid. This model in which T-cells may play a

role in the central nervous system, could explain the effect of immunotherapy on brain metastases and gliomas. Immunotherapy could be associated with immune-re-

lated adverse events likely to affect almost all organs. Candidate biomarkers have been preliminary studied to predict which patients will experience the most clini-

cally significant immune-related adverse events. Neurological-related adverse events are also described, and cognitive difficulties could be one of them.
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complaints have been associated with mood and fatigue (23),
but this relationship is less clear for objective cognitive decline.
Moreover, fatigue is a well-recognized clinical problem in auto-
immune diseases such as systemic lupus erythematosus.
Therefore, it is not surprising that fatigue is a potential
immune-related neurological adverse event, possibly as a result
of induced autoimmunity.

There has been no analysis dedicated to the potential effect
of CPI on cognition in the pivotal studies, even though neuro-
logic defects have been reported. A unique clinical pilot study
has been conducted in 15 adult cancer patients treated with ipi-
limumab, nivolumab, or pembrolizumab to assess cognitive im-
pairment (24). Two validated cognitive screening tests were
used, the Montreal Cognitive Assessment and the Nine Images
test of the Seine-Saint-Denis district, before the start of treat-
ment and 3 months later. The authors concluded that cognitive
deterioration in this small series of patients was associated with
previous cytotoxic chemotherapy and not immunotherapy per
se. However, this study has several major limitations. The small
sample size was not sufficient to draw definite conclusions, and
the effect of immunotherapy should have been evaluated in two
groups: chemo-naive and chemo-exposed patients. The meth-
odology of future studies should be optimized with the use of a
battery of neuropsychological cognitive tests, the inclusion of a
control group, and adequate consideration of practice effect.

CAR T-Cells

The question of neurological immune-related adverse events is
even more relevant because treatment with CAR T-cells is asso-
ciated with CRS, which can affect any organ, including the ner-
vous system, and with CAR T-cell–related encephalopathy
syndrome (CRES) caused by the activation of T-cells and subse-
quent release of cytokines, as well as the recruitment and acti-
vation of other immune cells (15).

CRS corresponds to a massive release of cytokines and granulo-
cyte colony-stimulating factor by the T-cells’ neighboring immune
cells, producing what is sometimes called a cytokine storm (25). All
CAR T-cell therapies elicit some degree of CRS; 27% have severe
CRS requiring intensive care support (26). Even when well man-
aged, CRS can range in severity from low-grade constitutional
symptoms to a high-grade syndrome associated with life-
threatening multiorgan dysfunction (27).

CAR T-cell–related encephalopathy syndrome is the second
most common adverse event, and it corresponds to a central
nervous system toxicity mediated by CAR T-cells: It represents
a major cause of morbidity and mortality potentially hindering
the expansion of CAR T-cell treatments. Such neurological ad-
verse events are not rare, with up to 40% of patients developing
severe and sometimes even fatal neurological symptoms
(26,27). Although CRES can occur without CRS, patients usually
present both simultaneously (91%) (25,28). These problems oc-
cur frequently and require specific neurologic monitoring, espe-
cially of cognitive functions.

Potential Physiopathological Mechanisms and
Candidate Biomarkers of Immune-Related
Cognitive Adverse Events

CPI

A preclinical study has explored the effect of CPI, alone or in
combination with noncranial radiotherapy, on behavioral and

cognitive performance both in tumor-free and tumor-bearing
mice. The authors observed that the combined treatment
achieved the best tumor control but was accompanied by be-
havioral, cognitive, and neuroinflammatory changes. The cog-
nitive impairments affecting executive functions were
accompanied by increased microglial activation in mice receiv-
ing immunotherapy alone or in combination. Finally, proin-
flammatory cytokines and growth factors were statistically
significantly higher in tumor-bearing mice receiving immuno-
therapy or combined treatment compared with mice receiving
no treatment (6). It should be noted that an abscopal effect has
been described, by which radiotherapy at one site may lead to
regression of nonirradiated metastatic cancer at distant sites
(29), suggesting activation of immune actors mediating anti-
cancer functions. Some studies have shown that combining ra-
diotherapy with immunotherapy can effectively boost abscopal
response rates (30). The association of immunotherapy and
noncranial radiotherapy may exacerbate the detrimental effect
of immunotherapy on cognitive functioning via the abscopal ef-
fect. In parallel, radiation-induced necrosis following the associ-
ation of immunotherapy and brain radiotherapy appears as an
issue. The overall rate of radiation necrosis following immuno-
therapy in combination or sequence with stereotactic cerebral
radiosurgery has been reported to be 27% (31). Thus, the associ-
ation of immunotherapy and cerebral radiotherapy may impair
cognitive functioning via radiation necrosis. Reliable clinical or
molecular biomarkers predicting which patients will experience
the most considerable immune-related adverse events have not
been identified (32). Nevertheless, candidate biomarkers have
been studied in a preliminary manner even though no evidence
of direct impact on cognitive functions has been provided so far
(Figure 1). A potential biomarker could be the increase in T-cell–
receptor diversity (33). White blood cell count could be a bio-
marker because increased eosinophil levels in the blood of anti-
CTLA4–treated melanoma patients correlated with immune-
related adverse events (34). Cytokines play a role in the re-
sponse to immunotherapy and could constitute biomarkers of
potential cognitive difficulties because their dysregulated levels
in chemotherapy-treated patients can be associated with cogni-
tive impairment (35). Studies converged to establish that some
cytokines could have causal roles by crossing the blood–brain
barrier, leading to systemic communication between peripheral
cytokines and the brain (36). Recently, a toxicity score has been
defined, and it consists of the expression of 11 cytokines statis-
tically significantly upregulated in melanoma patients with se-
vere immune-related toxicities at baseline and early in therapy
with PD-1 inhibitors alone or in combination with anti-CTLA4
(37).

CAR T-Cells

CAR T-cell–treated cancer patients with grade greater than or
equal to 4 CRS exhibited higher concentrations of interferonc,
interleukin (IL)6, IL8, IL10, IL15, monocyte chemoattractant
protein 1, tumor necrosis factor receptor p55, and macrophage
inflammatory protein 1b. Similarly, in B-ALL patients treated
with CD19 CAR T-cells, elevated levels of IL1a, IL2, IL3, IL5, IL6,
IL10, IL15, IP10, interferonc, granulocyte colony-stimulating
factor, granulocyte-macrophage colony-stimulating factor,
and monocyte chemoattractant protein 1 were described in
those with severe neurotoxicity (22). Brain examination in
patients who died from neurotoxicity followed by CD19 CAR
T-cells showed vascular lesions and necrosis with
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perivascular CD8þ T-cell infiltration (28), suggesting that neu-
rological deficits and toxicity are mediated through direct ce-
rebral invasion by CAR T-cells and in situ cytokine release.

The central nervous system, in large part because of the pro-
tective nature of the blood–brain barrier, was traditionally be-
lieved to be an immune-privileged organ incapable of
surveillance by peripheral immunity. However, the recent dis-
covery of lymphatic conduits residing within the meninges as-
sociated with the glymphatic system—a unique system of
perivascular tunnels involving astroglial cells draining intersti-
tial fluids through and out of brain parenchyma for degradation
and removal into the circulatory system—suggests that the
brain may be surveyed by the peripheral immune system (38).
These discoveries strongly support the notion that the periph-
eral effect of immunotherapy on the immune system could
reach the brain and induce cognitive decline (Figure 1).

Neurological disorders are important issues in patients
treated with CPI and CAR T-cell therapies. Following CPI treat-
ment, neurological disorders including cognitive decline are rel-
atively rare but may be severe and can appear at the time of the
treatment or later. There are emerging data on cognitive dys-
function in patients treated with CPI. Nonetheless, targeted and
prospective studies are recommended. CAR T-cells have been
associated with frequent and severe neurological disorders,
which usually appear soon after the infusion and can include
adverse cognitive events.

The cognitive follow-up of patients treated with CPI or CAR
T-cells should be encouraged during and after treatment and a
cognitive evaluation for future clinical trials should be pro-
moted. An understanding of the involved mechanisms could be
accomplished, as suggested by the International Cognition and
Cancer Task Force guidelines, with functional imaging, develop-
ment of studies with animal models, and objective and subjec-
tive cognitive evaluation of the treated patients.
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