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Solid tumour cellular therapy — principles of toxicity management
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Following the Food and Drug Administration (FDA) approval of lifileucel and afami-cel for patients with advanced
melanoma and synovial sarcoma, respectively, there is a need for improved understanding and guidance regarding
the management of toxicity associated with adoptive cellular therapies (ACTs) for solid tumours. Further approvals
are expected in coming years, with toxicity management representing a significant consideration for centres looking
to implement such advanced therapy medicinal products. Importantly, first-generation tumour-infiltrating
lymphocyte therapies are associated with unique toxicities compared with gene-modified T-cell therapies such as
chimeric antigen receptor T-cell therapy (CAR T) and T-cell receptor-modified therapy (TCR T), presenting novel
challenges for treating healthcare professionals. Extrapolating from experience with CAR T in the field of haemato-
oncology, coupled with the historical use of high-dose interleukin-2 in solid tumour therapeutic regimens and more
recently lifileucel and afami-cel, has led to the development of core principles for managing toxicity, which is
discussed here. Looking to the future, a rapidly developing field with next-generation ACT products, a basic
knowledge of such core principles will be an important foundation for healthcare professionals working in this space.
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INTRODUCTION

Immunotherapy has transformed outcomes for patients
with metastatic solid cancers in the past decade. In partic-
ular, immune-checkpoint inhibitors targeting the pro-
grammed cell death protein 1 (PD-1) receptor and cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) have provided
the opportunity for durable disease control among patients
with metastatic melanoma.® Nevertheless, there remains
heterogeneity in response between patients, with lower
efficacy rates observed across other cancer subtypes.
Furthermore, a major limitation of immune-checkpoint in-
hibition is the dependence on the intrinsic quantity and
repertoire of, mostly exhausted, T cells in vivo.? A potential
solution is adoptive cellular therapy (ACT), whereby
autologous immune cells are expanded ex vivo before
subsequent reconstitution in patients, for example, tumour-
infiltrating lymphocyte (TIL) therapy or engineered T cells,
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which have shown promising results in a range of solid
tumours including the potential for durable clinical
benefit.®®

In the first phase Il randomised controlled trial of TIL
therapy in solid tumours, the median progression-free
survival was 7.2 months following the administration of
unselected polyclonal TILs, compared with 3.1 months
with ipilimumab (hazard ratio 0.50, 95% confidence in-
terval 0.35-0.72, P < 0.001).” Notably, 20% (17/84) of
patients had a complete response to TIL therapy. In par-
allel, similar clinical benefit was observed with lifileucel,
lovance’s proprietary autologous TIL product, which had
subsequently been granted accelerated approval for the
treatment of unresectable or metastatic melanoma by the
US Food and Drug Administration (FDA) in February 2024.°
This marked the first FDA-approved cell therapy for solid
tumours.

In addition, the FDA recently granted accelerated
approval to afamitresgene autoleucel (afami-cel), an
autologous, affinity-enhanced MAGE-A4-directed T-cell re-
ceptor-modified T-cell therapy (TCR T), for patients with
pretreated, advanced synovial sarcoma. Efficacy was eval-
uated from the phase Il SPEARHEAD-1 study, where an
overall response rate of 43.2% (95% confidence interval
28.4% to 59%) was achieved. This approval represents the
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first genetically modified solid tumour cellular therapy
product to reach this milestone.®

Adverse effects associated with ACT are best described
within the acute phase, often either related to the admin-
istration of the cell product or other parts of the treatment
regimen. This includes lymphodepleting chemotherapy and
high-dose interleukin-2 (IL-2), which are necessary to
improve efficacy and maintain the survival of infused TIL.
Long-term follow-up data for these therapies remain
limited. Consequently, as ACT has become more widely
used, there is a need to consolidate the literature in the
management of the toxicities pertaining to ACT. The his-
torical guidance on the management of high-dose IL-2 re-
quires re-evaluation in the context of TIL cell therapy
protocols, where IL-2 is utilised to optimise T-cell function
rather than as a monotherapy. Recently, an expert
consensus guideline on the management and best practice
for TIL therapy has been published.® Moreover, while the
management of cytokine release syndrome (CRS) and im-
mune effector cell-associated neurotoxicity syndrome
(ICANS) from chimeric antigen receptor T-cell therapy (CAR
T) in solid cancers may be extrapolated from established
haematology guidelines, to date we are not aware of a
specific ACT toxicity review that encompasses all ACT.

Here, we provide a scoping review summarising the
major immediate or acute and chronic adverse events
associated with T-cell therapy in solid tumours from re-
ported studies.

MODALITIES OF ACT

Within the spectrum of ACT for solid tumours, there are
currently three principal modalities: TIL therapy, CAR T and
TCR T. Broadly, the patient pathway is composed of pro-

curement (tissue and/or blood), manufacture, non-
myeloablative lymphodepletion (NMA-LD) and cellular
infusion.**°

Tumour-infiltrating lymphocyte therapy

TIL therapy represents a technology that has been in
development since the 1980s, with pioneering work led by
Steven Rosenberg and colleagues®™ displaying the anti-
cancer efficacy of autologous T lymphocytes isolated from
tumour tissue. The cellular product represents a bespoke
but endogenous, unselected, polyclonal population
(Figure 1). Constituent cells are predominantly made up of
antitumourigenic CD8+ and CD4+ T-cell populations;
however, the presence of protumourigenic (T regulatory)
lymphocyte populations has also been documented and
may negatively correlate with response.’”** In addition,
antigenic targets are typically unknown with significant
differences in product specifications between patients.*
When compared with CAR T and TCR T therapies, TIL re-
quires surgical tumour removal for TIL extraction and
expansion, as well as postinfusion IL-2, resulting in a unique
toxicity profile.’
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Gene-modified T-cell therapies (TCR T/CAR T)

For CAR T and TCR T therapies, peripheral blood lympho-
cytes are harvested via apheresis, before undergoing ge-
netic modification to express receptors that confer
specificity to a desired tumour antigen.

TCR T therapy involves genetic modification of autolo-
gous T cells to induce the expression of endogenous TCR
with bespoke specificity.® TCRs are heterodimeric glyco-
proteins consisting of TCR-0. and § chains associated with a
CD3 complex (Figure 1). TCR T cells can recognise antigens
derived from both membrane and intracellular proteins
presented by major histocompatibility complex (MHC) and
are therefore advantageous in view of a broad targetable
antigen repertoire. Conversely, the requirement of MHC for
antigen presentation has been suggested as a limitation,
with MHC downregulation thought to represent a mecha-
nism of immune evasion/treatment resistance.® Further-
more, the use of MHC/human leukocyte antigen machinery
restricts the use of TCR-engineered products to patients
with compatible genetic haplotypes.®’

CAR T cells are genetically engineered T cells with syn-
thetic receptors consisting of an antibody-derived antigen-
binding moiety fused to an intracellular signalling region,
typically consisting of the CD3{ chain and costimulatory
domains (CD28 or 4-1BB; Figure 1).'® One advantage of
CARs over their ACT counterparts is their ability to target
tumour antigens in an MHC-independent fashion. Further-
more, CARs have the ability to bind to a range of cell surface
proteins such as glycosylation variants rather than being
limited to protein antigens, which may widen the potential
for tumour-specific antigenic targets.*® Although CAR-T cells
are able to target antigens in an MHC-unrestricted manner,
they are limited to targeting cell surface epitopes only.

NON-MYELOABLATIVE LYMPHODEPLETION

A common requirement across the diverse field of solid
tumour ACT remains the need for NMA-LD. This optimises
the tumour microenvironment by reducing competition for
essential cytokines as well as eliminating immunosuppres-
sive cellular populations, such as T-regulatory and myeloid-
derived suppressor cells.” Toxicity profiles of the two
frequently used chemotherapy agents, cyclophosphamide
and fludarabine, are now well documented.?® Dosage and
schedule of delivery can vary across trials and modalities,
with TIL therapy generally using a higher dosing range
(cyclophosphamide 60-120 mg/kg, fludarabine 75-125 mg/
m?) in comparison to established CAR T protocols (cyclo-
phosphamide 35 mg/kg, fludarabine 75 mg/m?).** These
agents are primarily administered to in-patients through an
intravenous (IV) cannula over 3-5 days,”® with cyclophos-
phamide requiring adequate prehydration to preserve renal
function.”? Furthermore, mesna is concurrently adminis-
tered to mitigate the known risk of haemorrhagic cystitis
associated with cyclophosphamide. It is important to note
that the use of fludarabine renders the need for lifelong
irradiated blood products after lymphodepletion. Specif-
ically for TIL therapy, lymphodepletion-associated hydration
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Figure 1. Modalities of adoptive cellular therapy (ACT) and interaction with tumour. High-dose IL-2 leads to the expansion of TIL, the interaction of endogenous TCR
with cancer cell MHC and the subsequent T-cell activation and IL-2 toxicity. Secretion of proinflammatory cytokines TNF-a, IFN-y and IL-2 further propagates T-cell
activation.'® TCR-modified T cells interact via gene-modified TCRs with cancer cell MHC machinery. CAR T cells interact via synthetic CAR SvFc with cell surface
proteins. TCR T and CAR T cell therapies induce monocyte/macrophage activation and secretion of IL-1 and IL-6, leading to the development of CRS and ICANS.*® CAR,
chimeric antigen receptor; CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome; IFN-vy, interferon-gamma; IL, interleukin;

MHC, major histocompatibility complex; TCR, T-cell receptor; TIL, tumour-infiltrating lymphocyte; TNF-o,, tumour necrosis factor alpha.

requires careful fluid balance assessment with the goal of
ensuring euvolaemia and baseline weight before cellular
infusion.’

As with other high-dose chemotherapy regimens, the
predominant acute toxicities associated with NMA-LD are
pancytopenia, nausea, vomiting, mucositis and alopecia.20
These are now well documented with standardised man-
agement approaches,””® and hence not the focus of this
review.

Further considerations for NMA-LD

Adequate IV access is essential before the initiation of
NMA-LD and cell transfer. Because of the complication of
pancytopenia and potential interventional procedures, it is
recommended that definitive IV access is achieved before
NMA-LD. Peripherally inserted central catheter (PICC) line
or central venous catheterisation (CVC) is recommended to
ensure reliable IV access throughout ACT pathways.”**
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Owing to the long-term immune dysfunction associated
with NMA-LD, oral opportunistic infection prophylaxis is
recommended for all patients, typically with aciclovir 400
mg three times a day (tds) and co-trimoxazole 480 mg twice
a day (bd) 3x/week from the initiation of NMA-LD, as well
as fluconazole 400 mg from the day of TIL infusion until
absolute neutrophil count >1000/mm?>. The length of pro-
phylaxis required is not clearly defined; however, recent
guidance suggests a continuation of opportunistic infection
prophylaxis for 6 months or until CD4 count recovers to
>200 cells/mm3.%%*

Cyclophosphamide, an alkylating agent, has been shown
to be associated with acute cardiac toxicity with an inci-
dence of 7%-33% in the haemato-oncology setting.” Its
mechanism is postulated to consist of toxic metabolite
production and oxidative endothelial damage, with subse-
qguent microthrombi, interstitial oedema/haemorrhage and
pericardial/myocardial effusion.?” The onset typically occurs
within the first 48 h but can be observed up to 10 days after
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administration.?> Although the impact of this toxicity is yet
to be fully understood in the solid tumour ACT setting, in a
pooled analysis of 103 patients with metastatic melanoma
who received standard dose NMA-LD, there were 3 cases of
early deaths attributed to cyclophosphamide-induced car-
diotoxicity before TIL infusion.? Baseline cardiovascular
function is therefore essential to consider and assess,
especially in the context of patients with heavily pretreated
malignancy or multiple comorbidities.”®

The use of NMA-LD in patients with brain metastases
remains controversial owing to the risk of thrombocyto-
penia and intracranial haemorrhage.?’ Consequently, pa-
tients with intracranial disease have historically been
omitted from solid tumour ACT clinical trials. A study of 18
patients with intracranial metastatic melanoma undergoing
TIL therapy?’ documented intracranial haemorrhage in 2/
18, with 1 patient requiring craniotomy for clot evacuation.
In an effort to assess whether low-dose NMA-LD regimens
may be appropriate for this patient population, a clinical
study”® is currently enrolling, with results expected in late
2025. Currently, patients with untreated intracranial me-
tastases are not recommended for NMA-LD; however, in-
vestigations are ongoing regarding the use of NMA-LD for
primary central nervous system (CNS) tumour ACT.>?3!

ACT TOXICITY

Owing to the biological nuances across the three major
modalities of solid tumour ACT, there remain important
differences in associated toxicities (Figure 1). High doses of
IL-2 lead to the expansion of TILs, as well as IL-2-related
toxicities. The cognate interaction of endogenous TCR
with MHC leads to T-cell activation and further expansion of
TILs, which leads to secretion of proinflammatory cytokines
TNF-a,, interferon-gamma (IFN-y) and IL-2 propagating T-cell
expansion.”> TCR-modified T cells interact via gene-
modified TCRs with cancer cell MHC machinery, while CAR
T cells interact via synthetic CAR SvFc with cell surface
proteins. TCR T and CAR T cell therapies induce monocyte/
macrophage activation, leading to the secretion of IL-1 and
IL-6 and the potential development of CRS and ICANS."®
Clinical understanding of what to expect and how to
manage such events is essential to the set up and delivery
of a solid tumour cellular therapy service.

TUMOUR-INFILTRATING LYMPHOCYTE THERAPY

Following the recent FDA approval of lifileucel for
pretreated, advanced melanoma, there has been much in-
terest in the management of TlL-associated toxicities and
optimal management strategies.” Although considered a
novel therapy, multiple clinical trials since the 1980s have
documented the adverse event profile of TIL therapy
(Table 1), from which some general principles can be
extrapolated.

Following TIL infusion, the immediate risk of hypersen-
sitivity reactions has been reported in <4% of patients.’
Prophylactic interventions such as chlorphenamine and
paracetamol are effective and such toxicities are not
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expected to induce significant physiological dysfunction
when adequately managed as per local institutional guide-
lines. Transient TIL-related dyspnoea (due to TIL passing
through pulmonary circulation), chills and fever are occa-
sionally seen but are usually self-limiting (Figure 2).** The
prophylactic use of systemic corticosteroids is not recom-
mended due to its potential impact on TIL efficacy, and
should only be considered in emergency situations.’

Although nearly all patients experience toxicity from TIL
therapy, this is almost entirely due to the acute effects of
high-dose IL-2 or NMA-LD chemotherapy.”® In the seminal
phase Ill study,” treatment-related adverse events of grade
3 or higher occurred in all patients in the TIL group (n = 80),
with NMA-LD-associated neutropenia (100%), thrombocy-
topenia (89%) and febrile neutropenia (86%) being the most
common; 15% of patients in the TIL cohort experienced
toxicity that was considered serious, with adult respiratory
distress syndrome (n = 3 patients) documented as the most
common. Others that affected more than one patient were
increased cardiac troponin (n = 2), myocarditis (n = 2) and
venous thromboembolism (n = 2); 10% of patients required
organ support in intensive care and one patient died due to
an arterial thromboembolism, which was not considered to
be related to treatment.

CRS and ICAN are rarely seen with unmodified, first-
generation TIL products.”’ This is likely to be a conse-
quence of TIL representing a naturally occurring cellular
product which has undergone immune selection for self-
tolerance.’ In addition, TIL reactivity is thought to be
directed towards tumour-specific neoantigens, reducing the
impact of on-target, off-tumour (OTOT) toxicities that have
been associated with genetically modified products.”
Subsequently, the use of the anti-IL-6 agent tocilizumab is
not typically used in the routine management of TIL-
associated toxicity (Figure 1).°

Interleukin-2

IL-2 represents a pleiotropic, immunogenic cytokine, known
to be endogenously secreted by CD4+ T cells following
activation.*®> Following its development as an anticancer
therapy for metastatic renal cell carcinoma in the 1990s, its
toxicity profile has been well documented.*® Management
of IL-2 toxicity within TIL therapy differs, however, due to
the physiological changes induced by NMA-LD (namely
cytopenia) and the abbreviated course used in TIL regimes.
Because of the biological necessity of IL-2 for successful TIL
transfer, it is known to be accountable for a significant
proportion of TIL toxicity. Early studies in patients receiving
IL-2 alone or with lymphocyte-activated killer cells indicated
that the addition of lymphocyte-activated killer cells did not
significantly contribute to the overall toxicity profile.*” This
suggests that although the physiological dysfunction seen
with IL-2 is related to lymphocyte activation, TIL infusate is
not the causative driver. A wide range of toxicities have
been observed following the administration of IL-2 and a
broad understanding of these is important in the manage-
ment of patients undergoing TIL therapy.
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Table 1. Notable TIL trials with reported TIL/IL-2-associated toxicities

Paper ACT Tumour type Phase Patients, n Acute toxicity (grade 3-4 unless otherwise stated) related
to TIL/IL-2

Rohaan et al.’” TIL Melanoma 3 84 Hypophosphatemia (60%), fever (45%), dyspnoea (19%),
hypertension (14%), rash (11%), CK rise (11%), ALT/AST rise
(11%), hypotension (8%), chills (8%), CLS (1%)
Other key AEs (any grades): CLS (30%), vitiligo (11%),
uveitis (8%), hearing loss (4%)

Sarnaik et al., JCO 2021%* TIL Melanoma 2 66 Hypophosphatemia (30%), pyrexia (17%), hypoxia (15%),
hypotension (11%), rash (9%), chills (6%), dyspnoea (5%),
raised liver enzymes (3%), fatigue (2%)
1 death

Chandran et al.*® TIL Uveal melanoma 2 21 Raised creatinine (29%), infection (24%), raised liver
enzymes (14%), dyspnoea (10%), hypophosphataemia
(10%), cardiac arrhythmia (5%), renal failure (5%),
thrombosis (5%), hypoxia (5%), neuropathy (5%)
Other key AEs (any grades): uveitis (5%), rash (5%), oedema
(5%), vitiligo (5%), hypotension (10%)
1 toxic death (infection)

Dudley et al., JCO 2013** TIL Melanoma 2 69 Febrile neutropenia (41%), sepsis (20%), other infection
(5%), dyspnoea (4%), intubated for somnolence (3%)

Rosenberg et al.* TIL (partial LD) Melanoma 1 86 Nausea (43%), chills (28%), diarrhoea (23%), disorientation
(15%), fatigue (9%), respiratory distress (8%), pruritus (4%),
infection (3%), oedema (1%)
Other key AEs (any grades): hypotension (46%), arrythmias
(6%), coma (3%), somnolence (3%),
Toxic death (1%)

Rosenberg et al.*® TIL (no LD) Melanoma 1 20 All grades: Hypotension (65%), nausea (55%), chills (50%),
diarrhoea (45%), disorientation/coma/somnolence (30%),
respiratory distress (10%)

Rosenberg et al.*” TIL +/— TBI Melanoma 2 93 1 toxic death (1.1%) (other data not specified)

Besser et al.*® TIL Melanoma 2 20 All grades: Pulmonary congestion (35%), renal failure
(25%), diarrhoea (20%), prolonged hypotension (15%),
confusional state (5%),

Dudley et al.** TIL Melanoma 2 93 All grades: Infection (22%), intubated for somnolence
(10%), uveitis (2%)
1 death (bowel perforation sepsis)

Goff et al.*° TIL +/— TBI Melanoma 2 101 CRS (6.1%), cardiac arrhythmia (5%), haemofiltration/
haemodialysis (3%), intubation (2%)
1 toxic death (1%)

Creelan et al.** TIL + Nivo Lung 1/2 13 All grades: Nausea (86%), hypophosphataemia (75%),
raised liver enzymes (55%), skin rash (55%), diarrhoea
(55%), CRS (45%); total severe toxicity: 12.5%

Stevanovi¢ et al.*? TIL HPV 2 29 Metabolic disorders (41.4%), nausea (20.7%), hypoxia
(27.6%), dyspnoea (13.8%), ICANS (3.4%)

Kverneland et al.** Ipi, TILs, Nivo Pan-tumour 2 25 Fever (16%), PS drop (12%), dyspnoea (8%), transaminase
elevation (4%)

ACT, adoptive cellular therapy; AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; CK, creatinine kinase; CLS, capillary leak syndrome; CRS, cytokine
release syndrome; HPV, human papillomavirus; ICANS, immune effector cell-associated neurotoxicity syndrome; IL-2, interleukin-2; Ipi, ipilimumab; LD, lymphodepletion; Nivo,
nivolumab; PS, performance status; TBI, total body irradiation; TIL, tumour-infiltrating lymphocyte.

IL-2 is typically delivered as an IV bolus at a dose of
600000 1U/kg every 8-12 h from day 1 (starting 3-24 h after
TIL infusion) to day 4 with a maximum of six doses.” Before
the initiation of IL-2, it is essential to ensure that patients
have had antihypertensive medications discontinued (>24
h before IL-2), are haemodynamically stable and euvolae-
mic.” Owing to the short half-life and dose-limiting effects
of IL-2, the key to optimal administration is regular clinical
assessment and the delay/omission of subsequent dosing
until physiological parameters have normalised.”® Impor-
tantly, data from previous studies have suggested that the
number of IL-2 doses administered is not associated with
response, and therefore early discontinuation due to
toxicity should always be considered.*® Suggested toxicity

Volume 25 m Issue C m 2025

management by organ system is listed in Table 2, with
further discussion in the following sections.

Fever and rigors

Following IL-2 administration, fever and rigors are often the
first toxicities encountered. Premedication is recommended
with paracetamol and nonsteroidal anti-inflammatory drugs;
however, significant chills with associated rigors are often
experienced 1-2 h after administration.*® The use of IV
pethidine at a dose of 25 mg at 15-min intervals is usually
adequate to terminate rigors and maintain patient stability.
About 4 h after IL-2 administration, fevers commonly
develop following episodes of chills/rigors. Careful clinical

https://doi.org/10.1016/j.iotech.2024.100737 5
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Figure 2. Adoptive cellular therapy (ACT) modalities and associated toxicities.

AKI, acute kidney injury; CLS, capillary leak syndrome; CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome; IL, interleukin;
OTOT, on-target, off-tumour; TCR, T-cell receptor; TIAN, tumour inflammation-associated neurotoxicity; TIL, tumour-infiltrating lymphocyte.

consideration is required to ensure that infective causes are
not overlooked and a full workup is advised including
appropriate antibiotic therapy.”*®

Capillary leak syndrome

The triad of hypotension, generalised oedema (including
pulmonary) and elevated haematocrit secondary to IL-2 is

6 https://doi.org/10.1016/j.iotech.2024.100737

referred to clinically as capillary leak syndrome (CLS). At a
cellular level, it is a result of increased capillary permeability
to proteins, with subsequent loss of plasma from venous
circulation into peripheral tissues.*® Although it can repre-
sent a morbid toxicity, it is usually low grade and able to be
managed without escalation to intensive care. For example,
in the seminal phase Ill study, 30% of patients receiving TIL
developed CLS; however, only one case was classified as
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Table 2. IL-2-associated toxicities, clinical features and management principles (adapted from

9,46
)

Toxicity

Typical clinical features

Management principles

Criteria for IL-2 cessation

Fevers/rigors .
[ ]

Hypotension

Acute kidney injury

Respiratory

Cardiovascular

Peripheral oedema/CLS

Haematologic

Rigors 1-2 h after IL-2
Fevers 2-4 h after IL-2

Hypotension nadir at 4-6 h after
IL-2
Diminished recovery after each
dose

Oliguria
Rising creatinine

Tachypnoea/dyspnoea
Pulmonary oedema

Tachycardia
Arrhythmia

tion of IL-2
5%-10% weight gain common
Extremity tightness

Thrombocytopenia
Lymphocytosis
Eosinophilia

Regular paracetamol (1 g qds) and
NSAIDs (renal caution)

Pethidine 25 mg IV bolus. Can be
repeated PRN to max dose 50 mg
q4h

Fevers/rigors alone is not an indica-
tion to hold the next IL-2 dose
250-ml IV fluid boluses

e Increase maintenance IV fluid rate
e Titrate to individual patient targets

based on baseline readings

Low threshold for transfer to ICU for
inotropes

Hold the next IL-2 dose if
haemodynamically unstable
Monitor creatinine two times daily
Increase maintenance fluid rate
Hold the next IL-2 dose if there is
ongoing deterioration

Baseline CXR and repeat with devel-
opment of symptoms

e Aim saturations >92%

Diuresis if evidence of pulmonary
oedema

Assess fluid status and administer
250-ml fluid bolus if hypovolaemic

e Peaks 2-4 h after IL-2 e Monitor electrolytes and replace
deficiencies
e Cardiology review for sustained

tachyarrhythmias

Gastrointestinal e Diarrhoea e Diarrhoea: stool MC&S, PRN lopera-
e Nausea/vomiting mide once infective cause is ruled
e Cholestasis out
e Nausea/vomiting: PRN antiemetics
e Cholestasis is usually transient,
resolving after IL-2 cessation
Neurological e Delusions e |IL-2 therapy is to be withheld until
e Hallucinations the cause/trajectory established
e Usually temporary
Skin e Rash/pruritus/erythema e Regular emollient
e Dry desquamation e Antihistamine for pruritus
e Consider dermatology review if
topical steroids required
Endocrine e Hypothyroidism e Replacement levothyroxine if
e Usually slow onset after comple- persistent

Peripheral oedema is to be treated
symptomatically

e Baseline weight and repeated daily
e |Initiate diuretics after completion of

IL-2 if persistent

Transfuse platelets if <20 x 10%/I
Investigate if significant anaemia
develops

e Fevers/rigors alone is not an indica-
tion to discontinue

e Hypotension refractory to fluid

replacement

Urine output <4 ml/kg over 8 h
sCR > 265 pmol/l

sCR 2x baseline

Persistent acidosis

New supplemental O, requirement
at the time of the next IL-2 dose

e Chest drain/tap indicated
Crepitations audible >halfway up
the chest
Persistent  despite
reversible factors
Significant cardiac event/arrhythmia

correction of

e Diarrhoea >1000 ml/12 h x2
e Grade >3 CTCAE hepatic dysfunction

Persistent neurological dysfunction

Nil defined

Nil defined

e Extremity paraesthesias

e Frank bleeding (haemoptysis/hae-
matemesis/haematochezia)

CLS, capillary leak syndrome; CTCAE,

common terminology criteria for adverse events; CXR, chest X-ray; ICU, intensive care unit; IL-2, interleukin-2; IV, intravenous; MC&S,
microscopy, culture and sensitivity; NSAID, nonsteroidal anti-inflammatory drug; O,, oxygen; PRN, per required needs; qds, four times a day; sCR, serum creatinine.

severe (grade >3).” While hypotension is a clinical feature
of CLS, its development as an independent event during TIL

Melanoma antigen-specific toxicities

therapy is possible due to shifts in peripheral vascular
resistance.’® It is recommended that target blood pressures
be based on baseline readings and reassessed before each
dose.” Management strategies must be customised for in-
dividual patients based on baseline cardiac function and
other comorbidities. The recommended interventions are IV
fluid, furosemide and a low threshold for transfer to the ICU
for ionotropic support and/or diuresis (Table 2).%¢
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Rare but notable autoimmune-like toxicities, including
uveitis (8%), vitiligo (11%) and hearing loss (4%), have been
reported in TIL therapy trials.””*> These are specific to the
melanoma treatment setting and therefore are likely to
relate to the recognition of overlapping melanoma/normal
tissue antigens. It has been postulated that the develop-
ment of these toxicities in unison may closely resemble the
Vogt—Koyanagi—Harada syndrome.”® Workup for uveitis
should include ophthalmology consultation and typically
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responds well to topical corticosteroids.”> Of note, the

incidence of melanoma antigen-specific autoimmunity is
less significant than that seen in TCR T therapy targeting
MART-1 and GP100 melanoma antigens and may be an
important reflection regarding the polyclonality of TIL
compared with TCR T therapies.’?

CAR T AND TCR T THERAPY

Following the success of CAR T cell therapy in the field of
haematology, there have been ongoing efforts to optimise
gene-modified ACT for use in the solid tumour setting
(Table 3). Small patient numbers and the early-phase nature
of many of these trials are noteworthy, with a paucity of
subsequent safety data.

Engagement of CAR T cells with the tumour microenvi-
ronment is known to release proinflammatory cytokines
such as IL-6, IFN-v, IL-1 and IL-2, along with the down-
stream activation of myeloid cells. This process leads to the
characteristic inflammatory features known as CRS and
ICANS (Figures 1-3).** CRS remains the most commonly
reported toxicity of CAR T cell therapy in the solid tumour
setting (Table 3), while ICANS is less common. A challenging
toxicity related to CAR T and TCR T therapies is OTOT tox-
icities, as candidate target antigens are often coexpressed
on nonmalignant tissues, creating a substantial risk of
adverse events. Varying severity of OTOT has been reported
in clinical studies using genetically modified T-cell targeting
antigens shared by malignant and nonmalignant tis-
sues.”%”* One notable example of OTOT in solid cancer was
documented by Morgan and colleagues’”: a 39-year-old
patient with human epidermal growth factor receptor 2
(HER-2)-positive metastatic colon cancer received a single
infusion of high-dose anti-HER2 CAR T and subsequently
developed acute respiratory distress, followed by death 5
days after the infusion. It was subsequently found that a
considerable number of highly active anti-HER-2-directed T
cells localised in the lung immediately following the infu-
sion, triggering a cytokine storm upon recognising low levels
of HER-2 on normal lung epithelial cells. Tables 3 and 4
document the toxicities observed in key early phase I/II
clinical trials of CAR T and TCR T therapy in solid cancers,
respectively.

Cytokine release syndrome

The classical signs and symptoms of CRS include fevers,
chills, hypotension, sinus tachycardia, dyspnoea and hyp-
oxia. The median time to onset of CRS is 2-7 days and
typically occurs within 14 days of CAR T cell infusion,”
although high-grade CRS has been observed just hours af-
ter CAR T cell infusion (Figure 3).2* The onset of CRS is often
marked primarily by fever, which is the most frequent
presenting sign.”> CRS can be difficult to differentiate, or
can overlap, with other toxicities. For example, mild
confusion observed during high-grade fevers in CRS can be
mistaken for early ICANS or even secondary haemophago-
cytic lymphobhistiocytosis (HLH)/macrophage activation
syndrome (MAS). The incidence of CRS ranges from 5% to
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70% (grades 1-2) and 4% to 25% (grades 3-4) in patients
treated with CAR T or TCR T therapy for solid tumours.”*

There are several guidelines recognised globally in the
management of CRS, specifically, the American Society of
Clinical Oncology (ASCO),”® the International Society for Cell
and Gene Therapy (ISCT), European Society for Blood and
Marrow Transplantation (EBMT), European Hematology
Association (EHA),’® the Society for the Immunotherapy of
Cancer (SITC)*® and the National Comprehensive Cancer
Network (NCCN). Subtle differences exist between these
guidelines, but the general principles and thresholds of CRS
management are similar. The SITC guidelines®® were first
published in 2020 and are the most generic and open-
ended, while the NCCN guidelines are the most recent
(December 2023) and most specific, incorporating product-
specific management recommendations. While these
guidelines are all specific to CAR T cells in haematological
malignancies, they serve as a valuable resource in assisting
the CRS management in solid cancers.

The first-line therapy for treating CRS is the IL-6 receptor
antagonist tocilizumab, with a typical IV dose of 8 mg/kg*®
for grade >2 CRS and persistent grade 1 CRS (>3 days).
Repeat tocilizumab is recommended after 8-12 h if there is
no improvement.’® Glucocorticoids are recommended for
tocilizumab-refractory CRS, with dexamethasone or meth-
ylprednisolone at escalating doses with immediate cessa-
tion or tapering, if necessary, once toxicity control has been
achieved (Table 4). Nevertheless, the optimal dosing and
timing of glucocorticoids is yet to be established and differs
between the published guidelines. Moreover, there have
been conflicting suggestions regarding the dose and dura-
tion of glucocorticoid therapy which may be critical in
determining the efficacy of CAR T.**

Immune effector cell-associated neurotoxicity syndrome

A major concern with the use of CAR T cell therapy remains
the risk of neurological toxicity. The varied array of potential
neurological symptoms associated with ICANS includes en-
cephalopathy, varying degrees of reduced alertness,
dysphasia, dysgraphia, apraxia, and in severe cases, cerebral
oedema.”® Less common neurological toxicities may mani-
fest with localised or generalised muscle weakness, myoc-
lonus and seizures.”® Notably, the frequency of ICANS is rare
in reported clinical trials for the treatment of solid tumours
(Table 5). The effectiveness of CAR T cell therapy in treating
solid cancers has been somewhat limited, and there is a
potential for an increase in the occurrence of ICANS as more
effective therapies are developed. Two studies have re-
ported potential ICANS: one patient (33%) treated with a
CARV3-TEAM-E CAR T cell for glioblastoma,56 and three
patients (33%) treated with MAGE-A3 TCR T therapy, which
resulted in two deaths.®® Notably, two of these patients
experienced a partial response.

The immune effector cell-associated encephalopathy
score incorporates the domains of orientation, naming,
following commands, writing and attention which is uni-
versally used to assess for ICANS.”®> The consensus ICANS
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Table 3. CAR and TCR T cell therapy toxicities

Target Tumour Type Phase Patients, n  Toxicities
Type Grade 1/2, n (%) Grade 3/4, n (%)
CD70 allogeneic CAR T°° RCC 1 16 CRS 8 (50) Nil
Infections 3 (19) 3 (19)
GvHD Nil Nil
GD2 CAR T** Neuroblastoma 1/2 27 CRS 19 (70) 1(4)
Elevated LFTs 13 (48) 7 (26)
ICH Nil 1(4)
Anti-HER CAR T°° HER-2-positive sarcoma 1/2 19 CRS 1(5) Nil
Back pain Nil 3 (16)
Muscle weakness Nil 1 (5)
Seizure 2 (11) Nil
Elevated LFTs 6 (32) Nil
CARV3-TEAM-E T cells*® Glioblastoma 1 3 CRS 3 (100) Nil
ICANS Nil 1 (33)
Fatigue Nil 1(33)
CD133 CAR T/ HCe 1/2 21 CRS Nil Nil
Raised bilirubin Nil 4 (19)
CAIX CAR T*® RCC 1/2 12 Liver toxicity 8 (66) 4 (33)
Claudin18.2 CAR T*° Gl cancers 1 98 CRS 95 (95.6) Nil
Gl disorders 91 (93) 19 (19)
Raised bilirubin 62 (63) 22 (22)
CLDN6 CAR T°° Solid cancers 1 22 CRS 10 (46) 5 (23)
ICANS 1(5) Nil
Elevated LFTs 1(5) 4 (18)
TCR HPV16 E6° [HLA-A*02:01] HPV epithelial cancers 1/2 12 CRS Not reported Nil
Infection 4 (31)
Diarrhoea 1(8)
Rash 1(8)
Syncope 1(8)
Pulmonary haemorrhage 1(8)
TCR MAGE-A4% [HLA-A*02] Synovial sarcoma, myxoid 2 52 CRS 36 (69) 1(2)
round cell liposarcoma
Fever 10 (19) 2 (4)
Dyspnoea 1(2) 1(2)
Thromboembolic events  Nil 3 (6)
Hepatic cytolysis Nil 1(2)
TCR MART-1 (DMF5)°? [HLA-A*02] Melanoma 2 20 Skin toxicity 14 (70) Nil
Uveitis 11 (55) Nil
Hearing loss Nil 8 (40)
TCR gp100 [HLA-A*02] 16 Skin toxicity 15 (94) Nil
Uveitis 4 (25) Nil
Hearing loss 4 (25) 1(6)
TCR MART-1%° [HLA-A*02:01] Melanoma 2 13 ARDS (likely CRS-related)  Not reported 2 (15)
TCR MART-1°* [HLA-A*02:01] Melanoma (including 1/2 12 CRS 3 (25) 2 (17)
5 uveal)
Fever 6 (50) 4 (33)
Dermatitis 4 (33) 6 (50)
AST increased 6 (50) 2 (17)
Uveitis 2 (17) Nil
Hearing loss Nil 2 (17)
Death: 1 patient
TCR NY-ESO-1°° [HLA-A*02:01] Melanoma 2 6 None
Synovial cell sarcoma 11
TCR NY-ESO-1°° [HLA-A*02] Synovial sarcoma 1/2 12 CRS 3 (25) 2 (17)
TCR NY-ESO-1°7 [HLA-A*02] Synovial sarcoma 1/2 30 Not reported
TCR MAGE-A3*%® [HLA-A*02] Melanoma, synovial 1/2 9 ICANS Nil 3(33)
sarcoma, oesophageal
cancer
cLS Nil 2(22)
Death: 2 patients
TCR Mesothelin® [*HLA unrestricted] Mesothelioma, NSCLC, 1/2 32 CRS 17 (53) 8 (25)
ovarian,
cholangiocarcinoma
Pneumonitis Nil 5 (16)
Pleuritis Nil 2 (6)
Pericarditis Nil 1(3)
Pulmonary haemorrhage  Nil 1(3)

ARDS, acute respiratory distress syndrome; AST, aspartate aminotransferase; CAR, chimeric antigen receptor; CLS, capillary leak syndrome; CRS, cytokine release syndrome; Gl,
gastrointestinal; GvHD, graft versus host disease; HCC, hepatocellular carcinoma; HER-2, human epidermal growth factor receptor 2; HLA, human leukocyte antigen; HPV, human
papillomavirus; ICANS, immune effector cell-associated neurotoxicity syndrome; ICH, intracranial haemorrhage; LFT, liver function test; NSCLC, non-small-cell lung cancer; RCC,

renal cell carcinoma; TCR, T-cell receptor.

“High dose IL-2 (720000 1U/kg) was given every 8 h to tolerance.
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Figure 3. Timeline of predominant adoptive cellular therapy (ACT)-related
adverse events.

ACT adoptive cellular therapy; CAR T, chimeric antigen receptor T cell therapy;
CLS, capillary leak syndrome; CRS, cytokine release syndrome; ICANS, immune
effector cell-associated neurotoxicity; TCR T, T cell receptor-modified T-cell
therapy; TIAN, tumour inflammation-associated neurotoxicity; TIL, tumour-
infiltrating lymphocyte.

grading scale also includes the patient’s level of alertness
and any seizure, motor defect or raised intracranial pres-
sure/cerebral oedema (Table 5). Glucocorticoids remain the
primary first-line treatment for ICANS, although the optimal
timing for starting glucocorticoid therapy remains uncer-
tain. Initially, guidelines recommended reserving glucocor-
ticoids for CTCAE grade >3 neurological toxicity due to

M. Julve et al.

worries regarding the potential impact on CAR T cell pro-
liferation and persistence.”® However, similar to CRS
management, there has been a shift to administer dexa-
methasone in early grade 1 and 2 ICANS, and to taper the
dose quickly with improvement.?®

Anakinra, an IL-1 receptor antagonist, has now become a
standard treatment for glucocorticoid-resistant ICANS.”’
Despite its widespread use, whether anakinra can effec-
tively reduce the need for steroids remains uncertain, and
data from one case series indicate that it does not facilitate
quicker steroid tapering.”® Anakinra has shown efficacy in
preventing CAR T cell-induced neurotoxicity in in vivo
models.”” More recently, a phase Il study suggested that
anakinra could be effective in preventing ICANS,*° and
anakinra has increasingly been used in the prophylactic
setting.

Additional toxicities associated with genetically modified
T-cell therapy

Further serious but rare complications from CAR T-cell
therapy have been reported in the field of haematology,
including HLH/MAS.?* This is a life-threatening hyper-
inflammatory syndrome involving macrophage activation,
characterised by cytopenia, coagulopathy, elevated serum
ferritin levels, hypertriglyceridemia, pulmonary compromise

Table 4. Management of CRS (adapted from>?)

Grade 2:

e Fever >38°C

e Hypotension responding to fluids; not
requiring vasopressors

e Hypoxia requiring low-flow nasal cannula

Grade 3:

e Fever > 38°C

e Hypotension requiring a vasopressor with or
without vasopressin

e Hypoxia requiring high-flow nasal cannula,
facemask, non-rebreather mask, venturi
mask

Grade 4:

e Fever >38°C

e Hypotension requiring multiple vasopressors
(excluding vasopressin)

e Hypoxia requiring positive pressure (e.g.
CPAP, BiPAP, intubation and mechanical
ventilation)

As above

Administer a second dose of tocilizumab
with glucocorticoids if no improvement in
CRS

Dexamethasone 10 mg IV bd

Consider vasopressors for hypotension
refractory to fluid boluses and tocilizumab
As above

Tocilizumab 8 mg/kg (maximum 3 doses/
day; total 4 doses)

Dexamethasone 10 mg IV bd

If refractory, dexamethasone 10 mg IV qds

e As above

e Dexamethasone 10 mg IV qds

If refractory, three doses of IV methylpred-
nisolone 1—2 g per day; for continued re-
fractory CRS, consider dosing every 12 h

AE grade” Management Assessment and investigations

Grade 1 e Monitor e Baseline laboratory tests: CRP, ferritin, mag-

e Fever > 38°C e Regular paracetamol IV nesium, phosphate, FBC, clotting screen

e No hypotension or hypoxia e Intravenous fluids e ECG; formal cardiology evaluation for pa-
e Tocilizumab 8 mg/kg if fever lasting >3 days tients with a history of CVD

e Treat any infections if identified
e Administer empiric antibiotics for neutro-

e As above
e Obtain central venous access
e Assess ECG, troponin and BNP levels, and TTE

e As above
e For CRS refractory to two doses of tocilizu-

Rule out infectious causes of fever: blood
cultures, nasal swabs for SARS-CoV-2 and
other respiratory viruses, urine cultures and
sputum cultures.

penic fever

mab and glucocorticoids, consider anakinra,
siltuximab and high-dose
methylprednisolone

Consider ruxolitinib, emapalumab, antithy-
mocyte globulin and/or cyclophosphamide

AE, adverse event; ASTCT, American Society of Transplantation and Cellular Therapy; BiPAP, bi-level positive airway pressure; BNP, B-type natriuretic peptide; CPAP, continuous
positive airway pressure; CRP, C-reactive protein; CRS, cytokine release syndrome; CVD, cardiovascular disease; ECG, electrocardiogram; FBC, full blood count; IV, intravenous; qds,

four times a day; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TTE, transthoracic echocardiogram.

2Using the ASTCT ICANS Consensus Grading for Adults.”*
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Table 5. Management of ICANS (adapted from”)

AE grade”

Management

Assessment and investigations

Grade 1:

e |CE score 7-9

e Awakens spontaneously

e No seizure, motor findings or elevated ICP
/cerebral oedema

Grade 2:

o |CE score 3-6

e Awakens to voice

e No seizure, motor findings or elevated ICP
/cerebral oedema

Grade 3:

e |CE score 0-2

e Awakens only to tactile stimulus

Dexamethasone 10 mg od/bd

e Give at least two doses of dexamethasone
and taper quickly once ICANS has improved
Anakinra 100 mg bd

e Dexamethasone 10 mg IV bd/tds/qds
Anakinra 200 mg bd
Levetiracetam 1000 mg bd

e Dexamethasone 10 mg IV qds
Anakinra 200 mg bd
Levetiracetam 1500 mg bd

e Consider CT head or MRI brain to evaluate
for haemorrhage, increased ICP or cerebral
oedema

e As above

e Consider lumbar puncture if coagulopathy is
absent or corrected and no evidence of
increased ICP

e As above
e Assess for papilloedema
e Consider repeat neuroimaging with CT or

e Any clinical seizure (focal or generalised) that
resolves rapidly or nonconvulsive seizures on
EEG that resolve with intervention

e Focal/local oedema on neuroimaging

Grade 4:

e |CE score O

e Unarousable or requires vigorous or repeti-

tive tactile stimuli to arouse. Stupor or coma

Life-threatening prolonged seizure (>5 min);

or repetitive clinical or electrical seizures

without return to baseline in between

Deep focal motor weakness such as hemipa-

resis or paraparesis

e Diffuse cerebral oedema on neuroimaging,
decerebrate or decorticate posturing, or
cranial nerve VI palsy, or papilledema or
Cushing’s triad

As above

has improved
Consider lacosamide

e Methylprednisolone 1 g IV daily for 3 days
e Taper to dexamethasone quickly once ICANS

MRI every 2-3 days for persistent grade 3-4
ICANS

e As above

AE, adverse event; ASTCT, American Society of Transplantation and Cellular Therapy; bd, twice a day; CT, computed tomography; EEG, electroencephalogram; ICANS, immune
effector cell-associated neurotoxicity syndrome; ICE, immune effector cell-associated encephalopathy; ICP, intracranial pressure; IV, intravenous; MRI, magnetic resonance im-

aging; od, once a day; qds, four times a day; tds, three times a day.
2Using the ASTCT ICANS Consensus Grading for Adults.”*

and dysfunction in the kidneys and/or liver, which may also
represent the severe end of CRS in some patients.”* Thus
far, there have not been any reported cases in the literature
of HLH/MAS secondary to CAR T cell therapy in solid
cancers.

Immune effector cell-associated haematotoxicity

Prolonged cytopenia, now classified as immune effector
cell-associated haematotoxicity, has recently been identified
as an emerging CAR T toxicity in haematological malig-
nancies.®! Although the mechanism is poorly understood, it
is thought that the process is independent of the target
antigen, and therefore potentially applicable to solid
tumour ACT. Within the classification, both early and late
criteria have been defined, with evidence highlighting the
importance of both baseline haematopoietic reserve and
the host inflammatory state.®%?

Tumour site inflammation

A nuance of solid tumour ACT, in comparison to haemato-
logic malignancies, is the solid nature and varied anatomical
location of tumour tissue and the potential for symptoms
related to acute tumour site inflammation related to im-
mune effector cell infiltrate. While there is little described in
the literature in this regard (8% of all patients in one TCR T
study®?), it can be postulated that this may develop as an
additional challenge for patients with tumours at
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anatomically precarious sites, such as those in close prox-
imity to visceral organs and neurological structures.

A localised neurotoxicity syndrome, distinct from the
systemic CRS and ICANS toxicity syndrome, known as
tumour inflammation-associated neurotoxicity (TIAN) has
emerged in preclinical and clinical experience with cell
therapies for CNS tumours.”?**#*#* TIAN has varying pre-
sentations depending on the location of the tumour within
specific neuroanatomical regions.?® Predictions from pre-
clinical models anticipated the potential impacts of on-
tumour and on-target inflammation directly on the
tumour and its surrounding sensitive neuroanatomical sites,
such as the brainstem or thalamus.>® The manifestation of
TIAN could indicate neuronal dysfunction caused by local
inflammation or transient local inflammation-induced
oedema, which is distinct from the generalised and
diffuse cerebral oedema observed in severe ICANS.*> This
may encompass the concept of ‘pseudoprogression’, a
known treatment effect from immunotherapies associated
with intra- and peri-tumoural oedema.®®®’ Interventions
such as corticosteroids, cerebrospinal fluid (CSF) diversion
and hyperosmolar therapy need to be given in a timely
manner to effectively manage obstructive hydrocephalus
and reduce peritumoural oedema, preventing neurological
damage.®” Patients with CNS tumours in high-risk locations
should be considered for a placement of an Ommaya
reservoir (a catheter system placed beneath the scalp to
facilitate removal of CSF) or a similar device before
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immunotherapy, to monitor intracranial pressure and act as
a safety mechanism for promptly draining CSF if required.®”

LONG-TERM TOXICITY

While long-term toxicity follow-up data in ACT remain
limited, CAR T cell therapies in the haematology setting
have demonstrated up to 15% of treatment-associated
secondary primary malignancies. The US FDA recently is-
sued a warning in November 2023, stating a ‘Serious risk of
T cell malignancy following BCMA-directed or CD19-
directed autologous chimeric antigen receptor (CAR) T cell
immunotherapies’.®® A possible link between CAR trans-
duction and transformation of a secondary malignancy has
been hypothesised, due to the mechanism of CAR T trans-
gene insertional mutagenesis, with some cases of secondary
T-cell lymphoma found to be ‘CAR-positive’. By contrast,
secondary myeloid malignancies following these therapies
are typically associated with previous chemotherapy treat-
ments or autologous hematopoietic stem cell transplants,
rather than directly linked to the CAR T cell product itself.”*
In the solid tumour setting it will be necessary to monitor
heavily pretreated patients such as those with advanced
sarcoma or germ cell tumours.

Overall, it has been concluded that the benefits of CAR-T
cell therapies for haematological malignancies continue to
outweigh potential risks.®> Ongoing follow-up in post-
marketing safety/long-term follow-up studies will be
required to guide safety management of these cell products
for all indications.

FUTURE DIRECTIONS

While ACT for solid tumours represents an exciting thera-
peutic development, the significant and novel toxicity pro-
file(s) remains a concern for treating centres looking to start
using these modalities. One vital aspect to be emphasised is
the importance of patient selection, and the understanding/
assessment of baseline physiological function, with regular
reassessment throughout the ACT pathway. Another
important principle is that the majority of adverse events
occur during the postinfusion elective admission period
while patients are under direct clinical supervision. This al-
lows for rapid assessment, intervention and escalation as
indicated.

Understanding the immunological impact of varied ACT
modalities is key for the management of associated toxic-
ities; for example, the low incidence of CRS/ICANs arising
from TIL when compared with CAR T/TCR T therapies will
influence management strategy and requirement for
multidisciplinary assessment. In addition, the planning of
hospital resources needs to be carefully tailored to patient
tumour type, modality of ACT and subsequent toxicity
needs.

As a developing field, with limited data in the solid
tumour setting, there is a paucity of established guidelines
for the management of ACT toxicities. For well-documented
toxicities such as CRS and ICANs, extrapolation from the
field of haematology is appropriate, and as such treatment
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strategies according to grade have been developed (as
described in the preceding text) and should be adhered to
for safe toxicity management. Since the FDA approval of
lifileucel for the management of advanced melanoma there
has been a need for guidance and an expert consensus has
been recently published.’

A major challenge in the management of ACT toxicities is
the rapidly developing field with new and complex, partially
understood, biological mechanisms. CAR T cell therapies
armoured with fourth-generation capabilities will likely
influence toxicity management, as will the nuances of
suicide genes and inducible factors. In the field of TIL
therapy while there is minimal cell-related toxicity
associated with first-generation products, next-generation
genetically modified TIL products that are in development
may significantly change this.” In addition, the extension of
ACT into novel subsets such as NK cell and macrophage
populations will require further refinement of toxicity
management.

CONCLUDING REMARKS

This review has attempted to collate the current literature
and data documenting toxicities arising from ACT in the
solid tumour setting. We hope that the use of this paper in
conjunction with established guidelines will assist with the
education of healthcare professionals seeking to start
treating patients with these exciting and novel approaches.

FUNDING

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

DISCLOSURE

AJSF has received renumeration for speaking duties and/or
advisory roles from BMS, Eisai, Ipsen, Merck and Pfizer. He
has received support to attend meetings and/or travel from
Achilles Therapeutics, Adaptimmune, ESMO and lovance
Biotherapeutics. He has contributed to advisory boards for
Achilles Therapeutics, GSK, Immunocore and Neogene. He
has a consulting role for lovance Biotherapeutics and
BioNTech. He reports the following patents - planned,
issued or pending: WO02019008375A1 (co-inventor of
methods of identifying responders to cancer treatment)].
All other authors have declared no conflicts of interest.

REFERENCES

1. Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Long-term outcomes
with nivolumab plus ipilimumab or nivolumab alone versus ipilimumab
in patients with advanced melanoma. J Clin Oncol. 2022;40(2):127-137.

2. Jenkins RW, Barbie DA, Flaherty KT. Mechanisms of resistance to im-
mune checkpoint inhibitors. Br J Cancer. 2018;118(1):9-16.

3. Wong YNS, Joshi K, Pule M, et al. Evolving adoptive cellular therapies in
urological malignancies. Lancet Oncol. 2017;18(6):e341-e353.

4. Davis L, Miller RE, Wong YNS. The landscape of adoptive cellular
therapies in ovarian cancer. Cancers. 2023;15(19):4814.

5. Julve M, Lythgoe MP, Larkin J, Furness AJS. Lifileucel: the first
cellular therapy approved for solid tumours. Trends Cancer. 2024;10(6):
475-477.

Volume 25 m Issue C m 2025


https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737

M. Julve et al.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Mahalingam P, Julve M, Huang P, Furness AJS, Pollack SM, Jones RL.
Immunotherapy of sarcomas with modified T cells. Curr Opin Oncol.
2022;34(4):362-370.

. Rohaan MW, Borch TH, van den Berg JH, et al. Tumor-infiltrating

lymphocyte therapy or ipilimumab in advanced melanoma. N Engl J
Med. 2022;387(23):2113-2125.

. Food and Drug Administration (FDA). FDA grants accelerated

approval to afamitresgene autoleucel for unresectable or metastatic
synovial sarcoma. FDA. 2024. Available at https://www.fda.gov/
drugs/resources-information-approved-drugs/fda-grants-accelerated-ap
proval-afamitresgene-autoleucel-unresectable-or-metastatic-synovial-s
arcoma. Accessed August 20, 2024.

. Warner AB, Hamid O, Komanduri K, et al. Expert consensus guidelines

on management and best practices for tumor-infiltrating lymphocyte
cell therapy. J Immunother Cancer. 2024;12(2):e008735.

Julve M, Furness AJ. Advances in the development of tumor-infiltrating
lymphocyte therapy for advanced melanoma. Expert Opin Biol Ther.
2023;23(4):319-323.

Rosenberg SA, Spiess P, Lafreniere R. A new approach to the adoptive
immunotherapy of cancer with tumor-infiltrating lymphocytes. Science.
1986;233(4770):1318-1321.

Fernandez VA, Martinez PB, Granhgj JS, Borch TH, Donia M, Svane IM.
Biomarkers for response to TIL therapy: a comprehensive review.
J Immunother Cancer. 2024;12(3):e008640.

Klobuch S, Seijkens TTP, Schumacher TN, Haanen JBAG. Tumour-infil-
trating lymphocyte therapy for patients with advanced-stage mela-
noma. Nat Rev Clin Oncol. 2024;21(3):173-184.

van den Berg JH, Heemskerk B, van Rooij N, et al. Tumor infiltrating
lymphocytes (TIL) therapy in metastatic melanoma: boosting of
neoantigen-specific T cell reactivity and long-term follow-up.
J Immunother Cancer. 2020;8(2):e000848.

Ross SH, Cantrell DA. Signaling and function of interleukin-2 in T
lymphocytes. Annu Rev Immunol. 2018;36:411-433.

Morris EC, Neelapu SS, Giavridis T, Sadelain M. Cytokine release syn-
drome and associated neurotoxicity in cancer immunotherapy. Nat Rev
Immunol. 2022;22(2):85-96.

Olivier T, Haslam A, Tuia J, Prasad V. Eligibility for human leukocyte
antigen-based therapeutics by race and ethnicity. JAMA Netw Open.
2023;6(10):€2338612.

Rafig S, Hackett CS, Brentjens RJ. Engineering strategies to overcome
the current roadblocks in CAR T cell therapy. Nat Rev Clin Oncol.
2020;17(3):147-167.

Klebanoff CA, Rosenberg SA, Restifo NP. Prospects for gene-engineered
T cell immunotherapy for solid cancers. Nat Med. 2016;22(1):26-36.
Nissani A, Lev-Ari S, Meirson T, et al. Comparison of non-myeloablative
lymphodepleting preconditioning regimens in patients undergoing
adoptive T cell therapy. J Immunother Cancer. 2021;9(5):e001743.
Owen K, Ghaly R, Shohdy KS, Thistlethwaite F. Lymphodepleting
chemotherapy practices and effect on safety and efficacy outcomes in
patients with solid tumours undergoing T cell receptor-engineered T
cell (TCR-T) therapy: a systematic review and meta-analysis. Cancer
Immunol Immunother. 2022;72(4):805-814.

Robinson D, Schulz G, Langley R, Donze K, Winchester K, Rodgers C.
Evidence-based practice recommendations for hydration in children
and adolescents with cancer receiving intravenous cyclophosphamide.
J Pediatr Oncol Nurs. 2014;31(4):191-199.

Maus MV, Alexander S, Bishop MR, et al. Society for immunotherapy of
cancer (SITC) clinical practice guideline on immune effector cell-related
adverse events. J Immunother Cancer. 2020;8(2):e001511.

Brudno JN, Kochenderfer JN. Current understanding and management of
CAR T cell-associated toxicities. Nat Rev Clin Oncol. 2024;21:501-521.
Dhesi S, Chu MP, Blevins G, et al. Cyclophosphamide-induced cardio-
myopathy: a case report, review, and recommendations for manage-
ment. J Investig Med High Impact Case Rep. 2013;1(1):232470961
3480346.

Borgers JSW, van Schijndel AW, van Thienen JV, et al. Clinical presen-
tation of cardiac symptoms following treatment with tumor-infiltrating
lymphocytes: diagnostic challenges and lessons learned. ESMO Open.
2024;9(2):102383.

Volume 25 m Issue C m 2025

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Mehta GU, Malekzadeh P, Shelton T, et al. Outcomes of adoptive cell
transfer with tumor-infiltrating lymphocytes for metastatic melanoma
patients with and without brain metastases. J Immunother. 2018;41(5):
241-247.

Warner AB, Postow MA, Panageas K, et al. A pilot trial of autologous
tumor infiltrating lymphocytes (lifileucel, LN-144) for patients with
asymptomatic melanoma brain metastases. J Clin Oncol. 2024;41:
TPS9606.

Vitanza NA, Wilson AL, Huang W, et al. Intraventricular B7-H3 CAR T
cells for diffuse intrinsic pontine glioma: preliminary first-in-human
bioactivity and safety. Cancer Discov. 2023;13(1):114-131.

Mount CW, Majzner RG, Sundaresh S, et al. Potent antitumor efficacy
of anti-GD2 CAR T cells in H3-K27M+ diffuse midline gliomas. Nat
Med. 2018;24(5):572-579.

Majzner RG, Ramakrishna S, Yeom KW, et al. GD2-CAR T cell therapy
for H3K27M-mutated diffuse midline gliomas. Nature. 2022;603(7903):
934-941.

Sarnaik AA, Hamid O, Khushalani NI, et al. Lifileucel, a Tumor-infil-
trating lymphocyte therapy, in metastatic melanoma. J Clin Oncol.
2021;39(24):2656-2666.

Chandran SS, Somerville RPT, Yang JC, et al. Treatment of metastatic
uveal melanoma with adoptive transfer of tumour-infiltrating lym-
phocytes: a single-centre, two-stage, single-arm, phase 2 study. Lancet
Oncol. 2017;18(6):792-802.

Dudley ME, Gross CA, Somerville RPT, et al. Randomized selection
design trial evaluating CD8--enriched versus unselected tumor-infil-
trating lymphocytes for adoptive cell therapy for patients with mela-
noma. J Clin Oncol. 2013. http://dx.doi.org/10.1200/JC0.2012.46.6441.
Rosenberg SA, Yannelli JR, Yang JC, et al. Treatment of patients with
metastatic melanoma with autologous tumor-infiltrating lymphocytes
and interleukin 2. J Natl Cancer Inst. 1994;86(15):1159-1166.
Rosenberg SA, Packard BS, Aebersold PM, et al. Use of tumor-
infiltrating lymphocytes and interleukin-2 in the immunotherapy of
patients with metastatic melanoma. A preliminary report. N Engl J
Med. 1988;319(25):1676-1680.

Rosenberg SA, Yang JC, Sherry RM, et al. Durable complete responses
in heavily pretreated patients with metastatic melanoma using T-cell
transfer immunotherapy. Clin Cancer Res. 2011;17(13):4550-4557.
Besser MJ, Shapira-Frommer R, Treves AJ, et al. Clinical responses in a
phase Il study using adoptive transfer of short-term cultured tumor
infiltration lymphocytes in metastatic melanoma patients. Clin Cancer
Res. 2010;16(9):2646-2655.

Dudley ME, Yang JC, Sherry R, et al. Adoptive cell therapy for patients
with metastatic melanoma: evaluation of intensive myeloablative che-
moradiation preparative regimens. J Clin Oncol. 2008;26(32):5233-5239.
Goff SL, Dudley ME, Citrin DE, et al. Randomized, prospective evalu-
ation comparing intensity of lymphodepletion before adoptive transfer
of tumor-infiltrating lymphocytes for patients with metastatic mela-
noma. J Clin Oncol. 2016;34(20):2389-2397.

Creelan BC, Wang C, Teer JK, et al. Tumor-infiltrating lymphocyte
treatment for anti-PD-1-resistant metastatic lung cancer: a phase 1
trial. Nat Med. 2021;27(8):1410-1418.

Stevanovi¢ S, Helman SR, Wunderlich JR, et al. A phase Il study of
tumor-infiltrating lymphocyte therapy for human papillomavirus—
associated epithelial cancers. Clin Cancer Res. 2019;25(5):1486-1493.
Kverneland AH, Chamberlain CA, Borch TH, et al. Adoptive cell therapy
with tumor-infiltrating lymphocytes supported by checkpoint inhibition
across multiple solid cancer types. J Immunother Cancer. 2021;9(10):
e003499.

Haanen J, Los C, Phan GQ, Warner AB. Adoptive cell therapy for solid
tumors: current status in melanoma and next-generation therapies.
Am Soc Clin Oncol Educ Book. 2024;44:e431608.

Hernandez R, Pdder J, LaPorte KM, Malek TR. Engineering IL-2 for
immunotherapy of autoimmunity and cancer. Nat Rev Immunol. 2022;
22(10):614-628.

Dutcher JP, Schwartzentruber DJ, Kaufman HL, et al. High dose
interleukin-2 (Aldesleukin) - expert consensus on best management
practices-2014. J Immunother Cancer. 2014;2(1):26.

Siegel JP, Puri RK. Interleukin-2 toxicity. J Clin Oncol. 1991;9(4):694-704.

https://doi.org/10.1016/j.iotech.2024.100737 13


https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-afamitresgene-autoleucel-unresectable-or-metastatic-synovial-sarcoma
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-afamitresgene-autoleucel-unresectable-or-metastatic-synovial-sarcoma
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-afamitresgene-autoleucel-unresectable-or-metastatic-synovial-sarcoma
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-afamitresgene-autoleucel-unresectable-or-metastatic-synovial-sarcoma
http://dx.doi.org/10.1200/JCO.2012.46.6441
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

14

Hassel JC, Sarnaik A, Chesney J, et al. 35MO Number of IL-2 doses and
clinical outcomes of tumor-infiltrating lymphocyte (TIL) cell therapy:
post hoc analysis of the C-144-01 trial of lifileucel in patients with
advanced melanoma. Immuno-Oncol Technol. 2022;16:100140.
Izzedine H, Mathian A, Amoura Z, Ng JH, Jhaveri KD. Anticancer drug-
induced capillary leak syndrome. Kidney Int Rep. 2022;7(5):945-953.
Yeh S, Karne NK, Kerkar SP, et al. Ocular and systemic autoimmunity after
successful tumor-infiltrating lymphocyte immunotherapy for recurrent,
metastatic melanoma. Ophthalmology. 2009;116(5):981-989.e1.

Rohaan MW, van den Berg JH, Kvistborg P, Haanen JBAG. Adoptive
transfer of tumor-infiltrating lymphocytes in melanoma: a viable
treatment option. J Immunother Cancer. 2018;6(1):102.

Johnson LA, Morgan RA, Dudley ME, et al. Gene therapy with human
and mouse T-cell receptors mediates cancer regression and targets
normal tissues expressing cognate antigen. Blood. 2009;114:535-546.
Pal SK, Tran B, Haanen JBAG, et al. CD70-targeted allogeneic CAR T-cell
therapy for advanced clear cell renal cell carcinoma. Cancer Discov.
2024;14:1176-1189.

Del Bufalo F, De Angelis B, Caruana I, et al. GD2-CARTO1 for relapsed or
refractory high-risk neuroblastoma. N Engl J Med. 2023;388(14):1284-
1295.

Ahmed N, Brawley VS, Hegde M, et al. Human epidermal growth factor
receptor 2 (HER2)—specific chimeric antigen receptor—modified T cells
for the immunotherapy of HER2-positive sarcoma. J Clin Oncol.
2015;33(15):1688-1696.

Choi BD, Gerstner ER, Frigault MJ, et al. Intraventricular CARv3-TEAM-E T
cells in recurrent glioblastoma. N Engl J Med. 2024;390(14):1290-1298.
Dai H, Tong C, Shi D, et al. Efficacy and biomarker analysis of CD133-
directed CAR T cells in advanced hepatocellular carcinoma: a single-
arm, open-label, phase Il trial. Oncolmmunology. 2020;9(1):1846926.
Lamers CH, Sleijfer S, van Steenbergen S, et al. Treatment of metastatic
renal cell carcinoma with CAIX CAR-engineered T cells: clinical evaluation
and management of on-target toxicity. Mol Ther. 2013;21:904-912.

Qi C, Liu C, Gong J, et al. Claudin18.2-specific CAR T cells in gastroin-
testinal cancers: phase 1 trial final results. Nat Med. 2024;30:2224-2234.
Mackensen A, Haanen JBAG, Koenecke C, et al. CLDN6-specific CAR-T
cells plus amplifying RNA vaccine in relapsed or refractory solid tu-
mors: the phase 1 BNT211-01 trial. Nat Med. 2023;29(11):2844-2853.
Doran SL, Stevanovic S, Adhikary S, et al. T-cell receptor gene therapy
for human papillomavirus—associated epithelial cancers: a first-in-
human, phase I/l study. J Clin Oncol. 2019;37(30):2759-2768.
D’Angelo SP, Araujo DM, Abdul Razak AR, et al. Afamitresgene auto-
leucel for advanced synovial sarcoma and myxoid round cell lip-
osarcoma (SPEARHEAD-1): an international, open-label, phase 2 trial.
Lancet. 2024;403(10435):1460-1471.

Chodon T, Comin-Anduix B, Chmielowski B, et al. Adoptive transfer of
MART-1 T-cell receptor transgenic lymphocytes and dendritic cell
vaccination in patients with metastatic melanoma. Clin Cancer Res.
2014;20(9):2457-2465.

Rohaan MW, Gomez-Eerland R, Van Den Berg JH, et al. MART-1 TCR
gene-modified peripheral blood T cells for the treatment of metastatic
melanoma: a phase I/lla clinical trial. Immuno-Oncol Technol. 2022;15:
100089.

Robbins PF, Morgan RA, Feldman SA, et al. Tumor regression in pa-
tients with metastatic synovial cell sarcoma and melanoma using
genetically engineered lymphocytes reactive with NY-ESO-1. J Clin
Oncol. 2011;29(7):917-924.

D’Angelo SP, Melchiori L, Merchant MS, et al. Antitumor activity asso-
ciated with prolonged persistence of adoptively transferred NY-ESO-1
¢259T cells in synovial sarcoma. Cancer Discov. 2018;8(8):944-957.
Ramachandran |, Lowther DE, Dryer-Minnerly R, et al. Systemic and
local immunity following adoptive transfer of NY-ESO-1 SPEAR T cells in
synovial sarcoma. J Immunother Cancer. 2019;7(1):276.

Morgan RA, Chinnasamy N, Abate-Daga D, et al. Cancer regression and
neurological toxicity following Anti-MAGE-A3 TCR gene therapy.
J Immunother. 2013;36(2):133-151.

Hassan R, Butler M, O’Cearbhaill RE, et al. Mesothelin-targeting T cell
receptor fusion construct cell therapy in refractory solid tumors: phase
1/2 trial interim results. Nat Med. 2023;29:2099-2109.

https://doi.org/10.1016/j.iotech.2024.100737

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

M. Julve et al.

Flugel CL, Majzner RG, Krenciute G, et al. Overcoming on-target, off-
tumour toxicity of CAR T cell therapy for solid tumours. Nat Rev Clin
Oncol. 2023;20(1):49-62.

Baulu E, Gardet C, Chuvin N, Depil S. TCR-engineered T cell therapy in
solid tumors: state of the art and perspectives. Sci Adv. 2023;9(7):
eadf3700.

Morgan RA, Yang JC, Kitano M, Dudley ME, Laurencot CM,
Rosenberg SA. Case report of a serious adverse event following the
administration of T cells transduced with a chimeric antigen receptor
recognizing ERBB2. Mol Ther. 2010;18(4):843-851.

Lee DW, Santomasso BD, Locke FL, et al. ASTCT consensus grading for
cytokine release syndrome and neurologic toxicity associated with
immune effector cells. Biol Blood Marrow Transplant. 2019;25(4):625-
638.

Lee DW, Gardner R, Porter DL, et al. Current concepts in the diagnosis
and management of cytokine release syndrome. Blood. 2014;124(2):
188-195.

Santomasso BD, Nastoupil LJ, Adkins S, et al. Management of immune-
related adverse events in patients treated with chimeric antigen recep-
tor T-cell therapy: ASCO guideline. J Clin Oncol. 2021;39(35):3978-3992.

Hayden PJ, Roddie C, Bader P, et al. Management of adults and chil-
dren receiving CAR T-cell therapy: 2021 best practice recommenda-
tions of the European Society for Blood and Marrow Transplantation
(EBMT) and the Joint Accreditation Committee of ISCT and EBMT
(JACIE) and the European Haematology Association (EHA). Ann Oncol.
2022;33(3):259-275.

Diorio C, Vatsayan A, Talleur AC, et al. Anakinra utilization in refractory
pediatric CAR T-cell associated toxicities. Blood Adv. 2022;6(11):3398-
3403.

Webhrli M, Gallagher K, Chen YB, et al. Single-center experience using
anakinra for steroid-refractory immune effector cell-associated
neurotoxicity syndrome (ICANS). J Immunother Cancer. 2022;10(1):
e003847.

Norelli M, Camisa B, Barbiera G, et al. Monocyte-derived IL-1 and IL-6
are differentially required for cytokine-release syndrome and neuro-
toxicity due to CAR T cells. Nat Med. 2018;24(6):739-748.

Park JH, Nath K, Devlin SM, et al. CD19 CAR T-cell therapy and pro-
phylactic anakinra in relapsed or refractory lymphoma: phase 2 trial
interim results. Nat Med. 2023;29(7):1710-1717.

Rejeski K, Subklewe M, Aljurf M, et al. Immune effector cell—
associated hematotoxicity: EHA/EBMT consensus grading and best
practice recommendations. Blood. 2023;142(10):865-877.

Rejeski K, Jain MD, Shah NN, Perales MA, Subklewe M. Immune
effector cell-associated haematotoxicity after CAR T-cell therapy:
from mechanism to management. Lancet Haematol. 2024;11(6):e459-
e470.

Brown CE, Alizadeh D, Starr R, et al. Regression of glioblastoma after
chimeric antigen receptor T-cell therapy. N Engl J Med. 2016;375(26):
2561-2569.

Siddigi T, Wang X, Blanchard MS, et al. CD19-directed CAR T-cell
therapy for treatment of primary CNS lymphoma. Blood Adv.
2021;5(20):4059-4063.

Mahdi J, Dietrich J, Straathof K, et al. Tumor inflammation-associated
neurotoxicity. Nat Med. 2023;29(4):803-810.

Okada H, Weller M, Huang R, et al. Immunotherapy response assess-
ment in neuro-oncology (iRANO): a report of the RANO working group.
Lancet Oncol. 2015;16(15):e534-e542.

Brandsma D, Stalpers L, Taal W, Sminia P, van den Bent MJ. Clinical
features, mechanisms, and management of pseudoprogression in
malignant gliomas. Lancet Oncol. 2008;9(5):453-461.

Center for Biologics Evaluation and Research. FDA investigating serious
risk of T-cell malignancy following BCMA-directed or CD19-directed
autologous chimeric antigen receptor (CAR) T cell immunotherapies.
FDA. 2023. Available at https://www.fda.gov/vaccines-blood-biologics/
safety-availability-biologics/fda-investigating-serious-risk-t-cell-malign
ancy-following-bcma-directed-or-cd19-directed-autologous. Accessed
June 23, 2024.

Willyard C. Do cutting-edge CAR-T-cell therapies cause cancer? What
the data say. Nature. 2024,629(8010):22-24.

Volume 25 m Issue C m 2025


https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/fda-investigating-serious-risk-t-cell-malignancy-following-bcma-directed-or-cd19-directed-autologous
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/fda-investigating-serious-risk-t-cell-malignancy-following-bcma-directed-or-cd19-directed-autologous
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/fda-investigating-serious-risk-t-cell-malignancy-following-bcma-directed-or-cd19-directed-autologous
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737
https://doi.org/10.1016/j.iotech.2024.100737

	Solid tumour cellular therapy — principles of toxicity management
	Introduction
	Modalities of ACT
	Tumour-infiltrating lymphocyte therapy
	Gene-modified T-cell therapies (TCR T/CAR T)

	Non-myeloablative lymphodepletion
	Further considerations for NMA-LD

	ACT toxicity
	Tumour-infiltrating lymphocyte therapy
	Interleukin-2
	Fever and rigors
	Capillary leak syndrome
	Melanoma antigen-specific toxicities

	CAR T and TCR T therapy
	Cytokine release syndrome
	Immune effector cell-associated neurotoxicity syndrome
	Additional toxicities associated with genetically modified T-cell therapy
	Immune effector cell-associated haematotoxicity
	Tumour site inflammation

	Long-term toxicity
	Future directions
	Concluding remarks
	Funding
	Disclosure
	References


