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CAR-T toxicities
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on-target, on tumor

on-target, off tumor

off-target, off tumor

genotoxicity

excessive proliferation of 
CAR T cells

excessive lysis of tumor 
cells

targeting healthy cells, 
e.g. B cells

targeting antigen on other 
(unknown?) tissues

non-specific immune 
reactions

risk not yet reported so far

cytokine release 
syndrome

tumor-lysis syndrome

non-tumor tissue 
damage

e.g. B-cell aplasia

MDSC activation

non-specific CAR affinity, 
endogenous TCRs

Adjusted from Kalaitsidou, 
Immunotherapy 2015
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CAR-T cells for solid tumors 

• Clinicaltrials.gov >1300 registered 
studies on CAR-T

• many “new” targets

• GPC3 (glypican-3; hepatocellular 
carcinoma)

• GD2 (neuroblastoma)
• IL13Ra2 (glioblastoma)
• EGFRvIII (epidermal growth factor 

receptor variant 3) →Glioblastoma
• CEA / CEACAM5(GIT tumors)
• ERBB2
• EpCAM
• ICAM-1 (thyroid cancer)

• most tumor-associated antigens 
are only weakly immunogenic

• most TAA are not exclusive, but 
are also found on other healthy 
cells
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CAR-T cells for solid tumors 

• Clinicaltrials.gov >1300 registered 
studies on CAR-T

• many “new” targets

• GPC3 (glypican-3; hepatocellular 
carcinoma)

• GD2 (neuroblastoma)
• IL13Ra2 (glioblastoma)
• EGFRvIII (epidermal growth factor 

receptor variant 3) →Glioblastoma
• CEA / CEACAM5(GIT tumors)
• ERBB2
• EpCAM
• ICAM-1 (thyroid cancer)

• most tumor-associated antigens 
are only weakly immunogenic

• most TAA are not exclusive, but 
are also found on other healthy 
cells

• Pt. with metastatic ERBB2+ colon cancer (mets in lung, 

liver)

• optimized γ-retroviral CAR vector containing CD28, 4-

1BB, CD3ζ

• within 15min after cell infusion respiratory distress →

pulmonary infiltrates / edema → intubation @ 1h post 

infusion → death after 5 days

• Post-mortem / autopsy

– multiple organs exhibited signs of systemic ischemia and 

microangiopathic injury

– lungs: diffuse alveolar damage

– highest levels of vector-containing cells in the lung + abdominal 

and mediastinal LN, but no particular accumulation in 

metastatic sites 
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• Pt. with metastatic ERBB2+ colon cancer (mets in lung, 

liver)

• optimized γ-retroviral CAR vector containing CD28, 4-

1BB, CD3ζ

• within 15min after cell infusion respiratory distress →

pulmonary infiltrates / edema → intubation @ 1h post 

infusion → death after 5 days

• Post-mortem / autopsy

– multiple organs exhibited signs of systemic ischemia and 

microangiopathic injury

– lungs: diffuse alveolar damage

– highest levels of vector-containing cells in the lung + abdominal 

and mediastinal LN, but no particular accumulation in 

metastatic sites 

Postulation on cause of death

➢ transfer of highly active anti-ERBB2 directed T 
cell

➢ upon first-pass clearance in the lung recognition 
of ERBB2 on normal lung cells

➢ release of inflammatory cytokines

➢ pulmonary toxicity with edema

➢ + cascading cytokine storm

➢ multi-organ failure

➢ investigators speculated that CAR-Ts localized in 
the lung due to low expression of ERBB2 on 
epithelial cells 
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Common Adverse Reactions in ≥ 10% of Patients Treated with YESCARTA in ZUMA-7
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• Cytokine Release Syndrome

• Neurologic Toxicities

• Hypersensitivity Reactions 

• Serious Infections

• Prolonged Cytopenias

• Hypogammaglobulinemia



Other clinically important adverse reactions that occurred in less 
than 10% of patients treated with YESCARTA include the following
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• Blood and lymphatic system disorders: Coagulopathy (9%)

• Cardiac disorders: Cardiac failure (1%)

• Eye Disorders: Visual impairment (7%)

• Infections and infestations: Pneumonia (8%), Sepsis (4%)

• Nervous system disorders: Ataxia (6%), seizure (3%), myoclonus (2%), facial paralysis (2%), paresis (2%)

• Respiratory, thoracic and mediastinal disorders: Dyspnea (8%), pleural effusion (6%), respiratory failure (2%)

• Vascular disorders: Hypertension (9%), thrombosis (7%)



Pubmed Search „Chimeric Antigen Receptor T cells and Case Report“
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Rare toxicities and complications can be grouped

10

Shimabukuro-Vornhagen et al. Journal for
Immuno Therapy of Cancer (2018) 6:56
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Complications affecting 
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functions

Hematopoietic 
complications

Cardiovascular 
complications

“Other”
complications



Rare toxicities and complications can be grouped

11

Shimabukuro-Vornhagen et al. Journal for
Immuno Therapy of Cancer (2018) 6:56

DGHO_2023 CAR-T Toxizitäten

Antonia Müller, Wien

Cellular infiltration,
Inflammation, 

cytokine release

Complications affecting 
neuronal structures a/o 

functions

Hematopoietic 
complications

Cardiovascular 
complications

“Other”
complications

Infectious complications



Infectious complications related to immune dysfunction (not specifically CAR-T)
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Infectious complications

Serum immunoglobuline levels 



Rare toxicities – related to CAR-T induced inflammation and 
cytokine release
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Pre-CART 2 m post CART

• Patient L.C., diffus-large B cell lymphoma, refractory to 2 lines of therapy

• initially no CAR-T toxicities

• after 2 wks pain in the area of lymphoma/axillary LN, swelling, color, rubor

25% of T cells = CAR-T 
cells in blood!
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DOI 10.3389/fimmu.2022.995496 

Patient 1 

• 65y/o man with R/R DLBCL in thyroid

• →CAR-T →@3m in CR

• Ultrasound suggested thyroid nodule and thyroid 
inflammation

• Elevated anti-thyroid peroxidase antibody and 
thyroglobulin antibody, but normal thyroid function (T3, T4, 
TSH)

Patient 2

• 52y/o woman with R/R cervical DLBCL 

• CAR-T →CR @1m post CAR-T

• Elevated TGAb, TMAb and TPOAb, but normal thyroid 
function

• → possibly direct toxicity of CAR-T cells or localized 
CRS/inflammatory damage
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15y/o boy with refractory B-ALL

→ CRS → toci

→ D+3: cervical edema involving soft tissue 
and larynx

→ Dexa→ resolution of symptoms within 
hours
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61y/o woman with Ph-like B-ALL

→ CR

→ Relapse

→ No response to standard salvage therapy

→ CAR-T

• Pre-CAR-T no evidence of cervical lymphadenopathy, 
swollen gums, hepatosplenomegaly….

• Within 12h post CAR-T infusion fever (39°C), blood pressure 
drop, CRS°2

• → toci + steroids + NSAR + antibiotics

• D+8: foreign body sensation in the larynx, dyspnea, facial 
edema, rapidly growing neck circumference

• → local CRS despite systemic disease
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22y/o woman with relapsed B-ALL, 35kg

→ CAR-T →CRS°3, mild hypotension, hypoxia and 
rhabdomyolysis 

→ Fever >40.3°C

→ Symptoms of irritability, photophobia, confusion, dizziness, 
headache, blurred vision, projectile vomiting

• D+7: severe pain and weakness in both lower limbs, local 
skin was painful to touch

• D+8: myoglobin and CK levels massively elevated

• + ICANS

• → ICU → plasma exchange

• Myalgia is a classic symptom of RM and is easily 
overlooked  in severe CRS after CAR-T
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34y/o man with B-ALL

D+18 (?) post CAR-T: muscle soreness, fever 39.8°C, bilateral wrist, hip, knee, ankle joint swelling and pain

- simultaneously massive expansion of CAR-T in blood 

→ Excrutiating pain require high-dose combination pain medication
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Effusions into 3rd space
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28y/o woman with DLBCL (non-
GCB) presenting as mediastinal 
mass, cervical LN, later also chest 

→ D+1 post CAR-T CRS

→ Antiinflammatory treatment

→ D+4 (?) progressive cough→
pleural effusions

→ Thoracocentesis

→ Resolution of symptoms by
d+9

2017

D+7 post CAR-T

D+21 post CAR-T
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65y/o man with refractory DLBCL with pericardial involvement

→ D+1 post CAR-T CRS → toxi + steroids

→ Pericardiocentesis → improvement

Echo: pericardial effusion
with RV heart failure due to
cardiac tamponade

Pericardiocentesis showed
large number of lymphoma
cells with 73% CAR-T 
cells/lymphocytes

Blood
Pericardiac 

effusion
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CAR-T infiltrates in critical locations



DGHO_2023 CAR-T Toxizitäten

Antonia Müller, Wien

24

Ocular ultrasound: subretinal fluid 
(arrowhead)

Ocular findings at presentation 
and following CAR T- therapy.

Pre-CAR-T: Leukemic optic disc 
infiltration and leukemic retinal 
infiltrates and hemorrhages

Fluorescein angiography: impaired 
perfusion of the choroidal and retinal 
circulations, with blockage in areas of 
leukemic infiltration and hemorrhage. 

Post-CAR-T: worsened retinal 
whitening, hemorrhages, and optic 
disc edema with total exudative 
retinal detachments

13y/o girl with B-ALL with CNS 
involvement

→ Following apheresis for CAR-T sudden 
worsening of vision

→ Fundoscopy: poor retinal perfusion

→ Orbital XRT 4Gy + steroids + chemo

→ Persistent leukemic infiltration pre-
CAR-T

→ Post CAR-T: CRS°1, worsening of vision 
bilaterally

→ CSF and aqueous fluid: T cells (no 
leukemic cells)

→ Hypothesis: Local CAR-T expansion 
and CRS 

Flow cytometry 
of the right 
aqueous humor: 
predominance 
of CD3+CD19-
cells



DGHO_2023 CAR-T Toxizitäten

Antonia Müller, Wien

25

44y/o woman with r/r DLBCL with CNS+ cardiac involvement

→ Response to salvage therapy in CNS, but not in heart

→ MRI + PET-CT: infiltration of pericardium surrounding RV and L+R atria, infiltration of 
interatrial septum and atrioventricular (AV) junction

→ Echo: normal LV EF, atrial tachycardia with variable conduction

→ CAR-T →CRS → D+4: rapid deterioration, heart failure, shock

→ Deterioration despite HD-steroids, toci and vasopressors, Respiratory and renal failure

→ Supraventricular tachycardia, intermittend right bundle branch block, AV-nodal re-entry 
tachycardia/atrial flutter → bradycardic flutter with 3:1 conduction, high-grade AV-block, 
bigemini, Trop T (peak 651 ng/L)…. → transvenous pacemaker



Cardiovascular complications: not so rare
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Gill et. Al DOI: 10.2174/1573403X18666220623152350 Eur Heart J, Volume 44, Issue 22, 7 June 2023, Pages 2029–2042, 

https://doi.org/10.1093/eurheartj/ehad117

Cancer patients treated with 
chimeric antigen receptor T-cell 
therapy (CAR-T) who experience 
severe cardiovascular events, 
including heart failure, cardiogenic 
shock or myocardial infarction are 
common following CAR-T

http://dx.doi.org/10.2174/1573403X18666220623152350
https://doi.org/10.1093/eurheartj/ehad117
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• 76y/o man with R/R DLBCL

• No known cardiovascular 
disease
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Rare toxicities – affecting neuronal structures and functions
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→ Extremely refractory and difficult 
to treat status epilepticus
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• 76y/o man with MM IgGkappa

• 60% BM infiltration

• 7x VRD + RTx → °1 PNP

• BCMA CAR-T → °1 CRS

• @2wks post CAR-T: bilateral palsy: dysarthric speech,  

unable to raise eyebrows, gap between eyelids, 

unable to smile….

• Otherwise neurologically and cognitive normal
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• 40y/o man with LBCL with CNS involvement

• Pre-existing PNP°1 after 4 lines of therapy

• Within 24h post CAR-T infusion CRS°1

• D+5 facial nerve palsy and motor weakness of limbs , ICANS°2

• Despite treatment neuromuscular weakness deteriorated → 
quadriparesis + impaired respiratory muscle function and loss of upper 
airway reflexes → intubation

• Bronchoscopy: mucus plug in airways

• Polyuria with urine output of >900 ml/h, response to desmopressin

• CAR-T cells present in CSF (37% of lymphocytes), higher fraction 
compared with blood

2023
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Drastic reduction of 
compound muscle action 
potentials

Gastrocnemius muscle biopsy
→ predominant perivascular
immune cell infiltration, 
chronic muscular atrophy

→CAR-T transgene 
detectable also in biopsy

Guillain-Barré like syndrome
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• 55y/o female with FL → transformation in DLBCL

• → CAR-T well tolerated with some mild hypotension and dizziness

• After discharge: progessive shortness of breath, dysphonia, intermittend stridor

• → symptoms were exacerbated by stress and exertion, but resolved while sleeping

• Normal pulmonary function tests, CT of head and neck and chest, MRI brain, bronchoscopy

• CR @ 4m post CAR-T

• Laryngoscopy: involuntary movement of the palate and pharynx with spasmodic adductor vocal fold involvement → 
symptomatic relief could not be achieved despite conservative management (speech therapy, clonazepam, gabapentin… 
→ improvement by botox injections



Rare toxicities – affecting the hematopoietic system
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• As a consequence of long-term bone marrow inflammation (CAR-T)

• In a heavily pre-treated population
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L Falini et al. Haematologica. 2023 Jan 1; 108(1): 290–294.
Published online 2022 Jul 28. doi: 10.3324/haematol.2022.281351
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9827176/
https://doi.org/10.3324%2Fhaematol.2022.281351
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„Other“ rare toxicities
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Blood Cell Therapy-The official journal of APBMT- Vol. 5 Issue 1 No. 4 2022
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Kidney Med Vol 3 | Iss 6 | November/December 2021



Conclusions
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Shimabukuro-Vornhagen et al. Journal for
Immuno Therapy of Cancer (2018) 6:56
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Cellular infiltrations,
Inflammation and 
cytokines can affect 
many cell types.
Particularly when local 
inflammation affects 
critial locations particular 
care needs to be 
considered

Complications affecting 
neuronal structures a/o 
functions are diverse, 
and incompletely 
understood.
CAR-T cells easily reach 
neuronal tissues 

Hematopoietic 
complications are 
common. Malignant 
transformation within a 
chronically inflammed 
environment and heavy 
pre-treatment is possible 
(particularly if CHIP is 
already present)

Cardiovascular 
complications are 
common in this frail and 
often heavily pre-treated 
population.
Cytokines contribute to 
cardiac dysfunction

“Other”
Complications can 
occur…. Causal 
relationship to CAR-T 
not always convincingly 
demonstrated
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