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Figure 2  Hallmarks of the Guillain-Barré-like syndrome after CAR-T cell therapy. (A) Serial motor nerve conduction studies 
(NCS) of the left median and the right tibial nerve on day +18, +33 and +124 after CAR-T cell infusion. On day +18, drastic 
reduction of distal compound muscle action potentials was observed with only a modest reduction in conduction velocity, 
indicating an axonal damage pattern (left panel). Intravenous immunoglobulin therapy did not have immediate effects on NCS 
on day +33 (middle panel). After 3 months (day+ 124), signs of improvement in the upper extremities were evident (right panel). 
Sensory fibers were less affected in general (not shown). (B) Tissue sections of the gastrocnemius muscle were acquired on 
day +52 and demonstrated predominant perivascular immune cell infiltration (panels i-iv, H&E and IHC as indicated). Chronic 
neurogenic muscular atrophy with fiber type grouping and increase of endomysial and perimysial connective tissue was evident 
as a consequence of nerve damage (panels v–viii, H&E and IHC as indicated). Panels i-vi: scale bar = 100 µm. Panels vii + viii: 
scale bar = 500 µm. CAR, chimeric antigen receptor; IHC, immunohistochemistry; MHC, myosin heavy chain.
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patient, we ruled out structural and functional causes 
for DI by serial MRI, electroencephalography, and unre-
markable analysis of pituitary gland hormones. There-
fore, a direct or indirect role of CAR-T cells is plausible. 
While direct attack of CAR-T cells against hypothalamic 
nuclei remains hypothetical, the pituitary gland is located 
outside of the BBB and might therefore be prone to 
immunological attack by CAR-T cells.

DISCUSSION
Our patient developed an unusual pattern of deficits of 
the central and peripheral nervous system after tisagen-
lecleucel infusion, which was not compatible with ICANS 
and failed to resolve under established CRS/ICANS 
treatment.

In this report, we demonstrate that our patient’s acute-
onset peripheral polyneuropathy is congruent with a 
GBS-like condition resembling AMSAN. In the absence 
of potential infectious stimuli, treatment with anti-CD19 
CAR-T cells is the alleged immunostimulatory trigger. 
Potential differential diagnoses such as acute-onset 
chronic inflammatory demyelinating polyneuropathy 
(CIDP), critical illness polyneuropathy (CIP), critical-
illness myopathy (CIM), paraneoplastic phenomena 
as well as the exacerbation of chemotherapy-induced 
polyneuropathy were considered but did not match the 
clinical presentation of our patient. More specifically, 
the clinical course with no neurological deterioration 8 
weeks from onset, cranial nerve dysfunction and initial 
inability to walk independently contradict CIDP. The 
patient did not meet diagnostic criteria for CIP/CIM as 
he did not show systemic signs of critical illness at the 
time of transfer to the intensive care unit (ICU). Instead, 
the indication for ICU transfer was the progression of 
muscle weakness of peripheral and respiratory muscles, 
which was not related to the pre-existing chemotherapy-
induced sensory polyneuropathy. Fludarabine is a known 
neurotoxic agent and can cause toxic leukoencephalop-
athy, especially at higher cumulative doses. Additionally, 
some cases have been reported after therapy with anti-
CD19 CAR-T cells.11 This complication was ruled out 
in our patient by repetitive unremarkable MRI exam-
inations. Although some case reports on peripheral 
neuropathy after administration of fludarabine have 
been published, the neurological safety profile of fludar-
abine in the context of adoptive engineered cell therapy 
is highly advantageous.12–14 Lenalidomid, an agent that 
is known to cause mild sensory polyneuropathy in long-
term treatment, was given for a relatively short duration 
and at a low cumulative dose and was discontinued before 
lymphodepletion. In addition, development of GBS as a 
paraneoplastic phenomenon has been described in the 
context of lymphoma and after first-line chemotherapy, 
however, it is exceedingly rare.15 16 No other medication 
with high neurotoxic potential was administered (online 
supplemental table 3). Intrathecal chemotherapy (online 
supplemental table 1) was administered, however, without 

temporal correlation to symptom onset. Taken together, 
in the absence of an alternative explanation and in light 
of the co-occurrence of cDI and GBS at the time of peak 
CAR-T cell expansion, we identify GBS in our patient 
as complication of CD19-directed CAR-T cell therapy as 
previously anecdotally described.6 Importantly, GBS has 
already been reported as a complication after treatment 
with other novel immunotherapies such as checkpoint-
inhibitors and TCR-engineered T cells.17–19

The pathophysiology of this complication remains to 
be resolved, however, direct attack of peripheral nerves, 
resulting from low-profile target-antigen expression or by 
cross-reactivity seems unlikely, since neither expression of 
CD19 nor cross-reactivity of the CD19 scFv to components 
of peripheral nerves have been reported. Therefore, an 
indirect damage pattern with bystander inflammation 
near peripheral nerves appears likely, especially given the 
perivascular infiltration of CD3+ lymphocytes (figure 2B). 
Single-cell RNA sequencing recently demonstrated CD19 
expression on a subset of pericytes surrounding vessels 
of the BBB, hereby providing an explanation for neuro-
toxicity of CD19-directed immunotherapies.4 If pericytes 
of the blood–nerve barrier of peripheral nerves likewise 
express CD19 is currently unknown. A common reac-
tion subsequent to several methodically different immu-
notherapies might favor an unspecific T cell-mediated 
immune-reaction over a specific, antigen-dependent 
pathomechanism. Still, a fludarabin-induced neurolog-
ical side effect remains possible. In line with recommen-
dations for GBS, we administered IVIG, which resulted in 
slow but clinically significant improvement.

DI has been observed as a complication of immuno-
therapy, for example, in the form of checkpoint-inhibitor-
induced hypophysitis, but not following anti-CD19 CAR-T 
cell therapy.20 21 In our case, hypophysitis and locally 
infiltrating/compressing processes were absent. Further-
more, there were no signs of critical illness or systemic 
inflammation. While an etiological explanation remains 
hypothetical, a rare role of CAR-T cells as causative 
agents in the immune-mediated affection of hormone-
producing cells of the hypothalamic nuclei is possible. 
As the changes were completely reversible, immune-
mediated destruction of hormone-producing cells can 
be ruled out. Conceivably, structures outside the BBB, 
such as the pituitary gland, might be more accessible for 
CAR-T cells and therefore more prone to local inflamma-
tion resulting in disturbances of hormone homeostasis.

In summary, we here report the simultaneous occur-
rence of two rare adverse events after CAR-T cell therapy 
which concomitantly affected the central and peripheral 
nervous system. Subsuming the complications of our 
patient as a specific form of ICANS is not consistent with 
ICANS consensus definitions, especially as ICANS is char-
acterized as a complication which exclusively affects the 
CNS.22 In our case, GBS and ICANS occurred simultane-
ously, however, they vastly differed in duration, severity 
and treatment response. This highlights the need for 
increased awareness for GBS-like conditions and cDI as 
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potentially lethal complications of CAR-T cell therapy, 
especially as increasing numbers of patients with CNS 
lymphoma are being treated. Through the accumulation 
of clinical experience, we might be able to identify corre-
sponding predisposing factors in preconditioning regi-
mens, patients, and cell products, which eventually lead 
to better risk stratification and improved therapy of these 
complications.
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Age range 45-50 years 

Weight 80 kg 

Height 179 cm 

BMI 25 kg/m
2
 

ECOG 1 

Pre-existing 
conditions 

Psoriasis, Impaired glucose tolerance. 

Diagnosis 
MYC- and BCL-6 rearranged high grade B cell lymphoma (double hit), NOS 
according to WHO 2016 classification of lymphoid neoplasms (histology obtained 
from gingival biopsy) 

Staging 
Ann-Arbor IV AE; skeletal, abdominal and testicular extranodal involvement; MRI 
with signs of infiltration of spinal cord, retroorbital area and mandible/maxilla 

 

Line of therapy Regimen Best response  

1st 

6 x R-DA-EPOCH including 
intrathecal chemotherapy 
(methotrexate, cytarabine, 
methylprednisolone) 

Complete remission 

  CNS relapse at 5 months  

2nd 4 x MATRix Progressive disease  

3rd 

1 x R-ICE, intrathecal 
chemotherapy 
(methotrexate, cytarabine, 
methylprednisolone) 

Progressive disease 

4th Rituximab-Lenalidomide Complete remission 

Suppl. table 1  1 

Patient characteristics and lines of therapy with respective responses as assessed by PET-CT, MRI, 2 

bone marrow biopsy and/or CSF analysis  3 
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Cell count 6/l 

Protein  598 mg/l 

Albumin CSF 332 mg/l 

Albumin serum 34.1 g/l 

Albumin ratio 
(CSF: serum) 

9.7 x 10
3
 

IgG (CSF) 18 mg/l 

IgA (CSF) 1.2 mg/l 

IgM (CSF) <0.2 mg/l 

Suppl. table 2 4 

CSF analysis was performed on day +14 and showed no relevant abnormalities or signs of an 5 

infectious or autoinflammatory process. 6 

Ad admission Hematology ward ICU 

Acetylic salicylic acid 

Co-Trimoxazol 

Valaciclovir 

Pantoprazole 

Fentanyl 

Co-trimoxazol 

Co-Amoxicillin 

Cefepime 

Dexamethason 

Esomeprazole 

Furosemide 

Filgrastim 

Metamizol 

Morphine 

Piperacillin/Tazobactam 

Paracetamol 

Ipatropiumbromide/Salbutamol 

Salbutamol 

Tocilizumab 

Zolpidem 

Aciclovir 

Acidum hyaluronicum 

ophthalmic gel  

Esomeprazole 

Fentanyl 

Filgrastim 

Midazolam 

Noradrenaline 

Rocuronium 

Propofol 

Sufentanyl 

Suppl. table 3 7 

Concurrent medication at hospital admission and during clinical course until diagnosis of GBS and cDI. 8 

None of the concurrent medication has been directly linked to GBS and/or cDI. 9 

Suppl. fig. 1  10 

Overview of CAR-T cell count and laboratory parameters  11 

CAR-T cell levels in the blood were assessed either via flow cytometry (left upper panel; depicted as 12 

percentage of all CD3
+
 lymphocytes) or by digital droplet PCR (middle upper panel; depicted as 13 

detected transgenes in comparison to the reference gene RPP30). White blood cell count (WBC) and 14 

absolute lymphocyte count are depicted (right upper panel) as well as LDH (left lower panel). 15 
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