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What is chimeric antigen receptor T-cell
therapy?

Chimeric antigen receptor (CAR) T-cell therapy is potentially
life-changing in patients with haematological malignancies
refractory to multiple lines of chemoimmunotherapy and
stem cell transplantation. This adoptive cell immunotherapy
involves harvesting and engineering patients’ own T lym-
phocytes to express specific antitumour CARs, thereby
directing them to target tumour cells. The CAR also has an
intracellular, co-stimulatory domain causing in vivo CAR
T-cell expansion and persistence. Chimeric antigen receptor
T-cells destroy cancer cells but may also induce life-
threatening, reversible toxicities that may require support
from the critical care team.

The two most widely used products to date are axicabta-
gene (Yescarta) and tisagenlecleucel (Kymriah) for adult pa-
tients with relapsed or refractory diffuse large B-cell
lymphoma (DLBCL). Tisagenlecleucel (Kymriah) is used for
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relapsed/refractory acute lymphoblastic leukaemia (ALL) in
children.'™® Phase 1 and 2 studies in patients with refractory
DLBCL have reported overall response rates (ORRs) of 52—72%,
where ORR is defined as the percentage of patients with par-
tial response (reduced disease) plus the percentage of patients
with complete response (disease-free), and an overall survival
(0S) rate of 52% at 18 months."? The median follow-up dura-
tion in these studies was 15.4 months.’ Without CAR T-cell
therapy, the median OS in this group is 6.3 months.* In chil-
dren with relapsed ALL, the CAR-T-related 3-month ORR is
82% and the 5-yr OS is 61.9%, compared with 5-yr OS of 10%
before the introduction of CAR-T therapy.>>°

Axicabtagene and tisagenlecleucel are currently approved
for use at more than 260 certified treatment centres in 26
countries, with more than 300 patients treated annually in the
UK. Currently licenced products target CD19-positive cancer
cells with many more CAR T-cell products under investigation
(647 clinical trials treating >10,000 patients worldwide). New
targets include CD22 in B-cell malignancies and B-cell matu-
ration antigen in multiple myeloma. Exploration of CAR T-
cells in solid tumours, autoimmune and degenerative dis-
eases and earlier in treatment pathways is underway.

Giving CAR T-cell therapy

Chimeric antigen receptor T-cell manufacture takes 25—30
days from lymphapheresis. Disease progression and organ
failure within this time eventually prevent 22% of previously
suitable UK patients from receiving CAR T-cells.

UK centres keep patients in hospital for 10—14 days after
the CAR T-cell infusion. This approach allows prompt
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CRS Grade 1
Temperature >38°C and
no hypotension and
no hypoxia

CRS Grade 2

Temperature >38°C and
hypotension not requiring
vasopressor drugs or

hypoxia requiring <6 L min~" 0,

CRS Grade 3
Temperature >38°C or
hypotension requiring
one vasopressor drug or
hypoxia requiring >6 L min~" 0,

T-cell therapy in adults

CRS Grade 4
Temperature >38°C or
hypotension requiring
two vasopressor drugs or
hypoxia requiring

CPAP/BIPAP/intubation
and ventilation

Alert critical care team

Deterioration

Deterioration Day 3

Tocilizumab (maximum two
additional doses) or

siltuximab 11mg kg™" x 1
Dexamethasone 10mg 6-hourly
for 1-3 days

Tocilizumab 8ml kg™ (maximum

800mg)

Repeat tocilizumab 8mg kg™ (maximum 800mg)

Tocilizumab 8mg kg’1 (maximum 800mg)

N Dexamethasone
10mg 6-hourly for 1-3 days

Deterioration

Dexamethasone 20mg 6h
for 3 days+taper

Deterioration Day 8

Further deterioration

Tocilizumab (maximum two
additional doses) or

Tocilizumab (maximum two
additional doses) or

siltuximab 11mg kg™ x 1
Methylprednisolone 1g daily
for 3 days+taper

siltuximab 11mg kg™ x 1
Dexamethasone 20mg 6-hourly
for 1-3 days

Figure 1 Management of cytokine release syndrome (CRS). Adapted from the European Society for Blood and Marrow Transplantation guidelines.® BIPAP, bilevel

positive airway pressure.

recognition of early adverse effects and early organ support if
required. On discharge, patients must remain within a 1-h
drive of the treating centre until Day 28.

Toxicities

Early toxicities from CAR T-cell treatment include cytokine
release syndrome (CRS) and immune effector cell-associated
neurotoxicity syndrome (ICANS).?’ Neutropaenic fevers or
sepsis and tumour lysis syndrome can also occur. Late toxic-
ities include prolonged cytopaenia, B-cell aplasia, hypo-
gammaglobulinaemia, infection, and a risk of secondary
cancers.™?

Cytokine release syndrome

After binding to target tumour-cell receptors, CAR T-cells
signal via inflammatory cytokines, stimulating further T-cell
activity, which destroys cancer cells. An excessive immune
response occurs in up to 90% of patients, causing a multi-
system disorder (CRS) within 14 days of CAR-T therapy.l?
Fever is characteristic, correlating with increases in C-reac-
tive protein, tumour necrosis factor-alpha, and interleukins 6,
10, and 2. Hypoxia and hypotension (systolic BP <90 mmHg)
can occur.” Thirty per cent of patients require critical care,

with 17% requiring vasopressor drugs and 7% needing
tracheal intubation.’?

The American Society for Transplantation and Cellular
Therapy recommends a graded classification system for CRS,
linked to a treatment algorithm for both adults and children
by the European Society for Blood and Marrow Trans-
plantation (EBMT) and the American Society of Clinical
Oncology (ASCO). Critical care evaluation is advised for Grades
2—4 CRS (Fig 1).°

Patients who are affected should receive replacement
fluids, oxygen and vasopressors when required. The effect of
cytokine excess in low-grade CRS can be reduced by giving up
to four doses of tocilizumab, a monoclonal IL-6 receptor
antagonist. Steroids, which reduce the efficacy of CAR-T
therapy, and the other immunomodulators anakinra (an IL-1
receptor antagonist) and siltuximab (a monoclonal antibody
targeting IL-6) are used in more challenging cases (Fig 1) and
during shortages in supply of tocilizumab.*~°

Immune effector cell-associated
neurotoxicity syndrome

The pathophysiology of CAR T-cell-induced neurotoxicity re-
mains uncertain. Immune effector cell-associated neurotox-
icity syndrome occurs in 30—60% of patients and can occur
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ICANS Grade 1

Reduced consciousness;
awakens spontaneously

ICANS Grade 2

Reduced consciousness;
awakens to voice

ICE Score 7-9 ICE Score 3-6

EEG,; consider MRI/LP

Alert critical care team

Admit to ICU; EEG, fundoscopy, MRI, LP; seizures; clonazepam 1mg
(repeat x 1 after 5 min) levetiracetam 500mg x 2

Papilloedema: acetazolamide 1g,

ICANS Grade 3

Reduced consciousness;
awakens to touch
Seizures; focal cerebral oedema

ICANS Grade 4

Unrousable; repetitive or
prolonged seizures >5 min;
diffuse cerebral oedema;
deep focal motor weakness

Cerebral oedema: hyperosmolar

then 250mg-1g 12-hourly therapy

ICANS without CRS: consider corticosteroids

Dexamethasone 10mg 6-hourly
for 1-3 days

EEG monitoring; ICANS 2: daily fundoscopy;

Dexamethasone 20mg 12-hourly

Methylprednisolone 1g 4h-
hourly for 3 days then taper.
Alternatives: high-dose
cyclophosphamide, anakinra,
and siltuximab

for 1-3 days

ICANS 3: consider repeat MRI and LP

Figure 2 Management of chimeric antigen receptor T-cell-related neurotoxicity. Adapted from Société francaise de greffe de moelle et de thérapie cellulaire
recommendations.”’ CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome; ICE, immune effector cell-associated

encephalopathy; LP, lumbar puncture.

concurrently with CRS."? It may develop more than 30 days
after infusion. This means that some patients will presentin a
critically unwell state to non-CAR-T centres.?

Symptoms of ICANS are varied and sometimes subtle, but
the syndrome may cause rapid deterioration.>*” Tremor,
inattention, apraxia and lethargy are common. Deterioration
in handwriting is an early diagnostic sign and can be used in
assessing the response to treatment. Expressive aphasia is
characteristic. Clinical diagnosis is aided by the immune
effector cell encephalopathy score, performed 8-hourly during
the first 28 days.7 Scored out of 10, it assesses orientation,
naming of three objects, the ability to follow commands,
writing a sentence and counting. Differential diagnoses for
ICANS, such as seizures, intra-cerebral haemorrhage, infec-
tion and cytotoxic drug effects, must be excluded. Most cases
are self-limiting, but progression can lead to diffuse cerebral
oedema and death. Steroids form the mainstay of treatment;
tocilizumab is reserved for patients with concurrent CRS.%°
The EBMT guidelines recommend clonazepam and levetir-
acetam for the treatment of seizures, acetazolamide for the
treatment of papilloedema and hyper-osmolar therapy for
cerebral oedema.? Patients with ICANS Grades >2 warrant
monitoring in a critical care unit. Neuroprotective measures
are required in those patients with ICANS Grades >3 (Fig 2).”

Implications for critical care

The growing use of CAR T-cell therapy is likely to increase the
demand for ICU beds. Treatment-related mortality remains
low (<5%), highlighting the reversible nature of these toxic-
ities."!? Many patients require critical care monitoring rather

332 BJA Education | Volume 22, Number 9, 2022

than intervention. Early identification of toxicities and prompt
management according to the EBMT and ASCO protocols may
reduce the demand for critical care.®°

Conclusions

Chimeric antigen receptor T-cell therapy offers great hope;
yet, there are significant adverse effects. Expanding in-
dications increase the likelihood of patients presenting
outside CAR T-cell therapy specialist centres, making it
imperative that intensivists are alert to potential complica-
tions. Patients who receive CAR T-cell treatment have a pre-
dictable and salvageable course of deterioration that usually
responds well to intervention. Multidisciplinary platforms
integrating pathways between haemato-oncology and critical
care teams are needed in an era where cancer immuno-
therapy is altering perceptions at the interface between end-
of-life and critical care.
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