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Abstract 

Introduction: Chimeric antigen receptor (CAR) T-cell therapy is a promising immunotherapy for the treatment of 
refractory hematopoietic malignancies. Adverse events are common, and neurotoxicity is one of the most im-
portant. However, the physiopathology is unknown and neuropathologic information is scarce. 
Materials and methods: Post-mortem examination of 6 brains from patients that underwent CAR T-cell therapy 
from 2017 to 2022. In all cases, polymerase chain reaction (PCR) in paraffin blocks for the detection of CAR T cells 
was performed. 
Results: Two patients died of hematologic progression, while the others died of cytokine release syndrome, lung 
infection, encephalomyelitis, and acute liver failure. Two out of 6 presented neurological symptoms, one with 
extracranial malignancy progression and the other with encephalomyelitis. The neuropathology of the latter 
showed severe perivascular and interstitial lymphocytic infiltration, predominantly CD8+, together with a diffuse 
interstitial histiocytic infiltration, affecting mainly the spinal cord, midbrain, and hippocampus, and a diffuse glio-
sis of basal ganglia, hippocampus, and brainstem. Microbiological studies were negative for neurotropic viruses, 
and PCR failed to detect CAR T -cells. Another case without detectable neurological signs showed cortical and 
subcortical gliosis due to acute hypoxic-ischemic damage. The remaining 4 cases only showed a mild patchy glio-
sis and microglial activation, and CAR T cells were detected by PCR only in one of them. 
Conclusions: In this series of patients that died after CAR T-cell therapy, we predominantly found non-specific or 
minimal neuropathological changes. CAR T-cell related toxicity may not be the only cause of neurological symp-
toms, and the autopsy could detect additional pathological findings. 
 

Keywords: Hematologic malignancies, Chimeric antigen receptor (CAR) T-cell, Cytokine release syndrome (CRS), Neurotoxicity, Neu-
ropathology, Immunohistochemical stains 

 

Introduction 

Chimeric antigen receptor (CAR) T-cell therapy 
is a promising immunotherapy for the treatment of 
refractory hematopoietic malignancies. Normal and 
malignant B-cells express the CD19 protein in the 
cell membrane. Lymphodepletion followed by trans-
fer of autologous T-cells that have been genetically 
modified to express a CAR targeting CD19 have been 
effective in clinical trials, producing remission of re-
fractory or relapsed acute lymphoblastic leukemia 
(ALL), chronic lymphocytic leukemia and non-Hodg-
kin’s lymphoma (NHL)1–5. Recently, BCMA targeted 
CARs have been used to treat multiple myeloma6. 

Among toxic effects expected after lym-
phodepletion and anti-CD19 CAR T-cell infusion, cy-
tokine release syndrome (CRS) and neurotoxicity are 
the most relevant but, unlike CRS, the physiopathol-
ogy of neurological events is less known and neuro-
pathologic information is scarce7. Clinical presenta-
tion develops mostly as non-specific brain dysfunc-
tion without focal signs,most of them being mild and 

transient. Nevertheless, focal symptoms such as sei-
zures and fatal cerebral oedema have been de-
scribed. 

Neurotoxicity can occur in the context of se-
vere CRS, where disruption of the blood-brain bar-
rier (BBB) by cytokine production and subsequent 
endothelial activation leads to an increase in proin-
flammatory cytokine levels in cerebrospinal fluid 
(CSF)7–10. However, neurotoxicity is also associated 
with expansion and activation of CAR T-cells that 
lead to a direct parenchymal CAR T-cell infiltration. 
In addition to CRS following CAR T-cell infusion, fac-
tors that favor CAR T-cell proliferation in blood, such 
as the addition of fludarabine to cyclophosphamide 
lymphodepletion chemotherapy9, are also associ-
ated with an increased risk of neurotoxicity. Fludar-
abine is a antineoplastic agent that added to the 
conditioning regimens improves the expansion and 
persistence of CAR T-cells, as well as duration of re-
mission and disease-free survival2,4,5. Its contribu-
tion to neurotoxicity may be driven by different 
mechanisms, and is yet to be elucidated. However, 
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fludarabine-associated neurotoxicity has a later on-
set, and cerebral oedema is not usually reported11. 

Reports of neuropathological findings after 
CAR T-cell therapy are scarce, independent of the 
presence or absence of neurological symptoms prior 
to death. We only found 4 cases described in the lit-
erature, which showed variable and non-specific 
neuropathological changes7–10. Here, we report de-
tailed neuropathological findings of 6 patients who 
died after CAR T-cell therapy12. 

Materials and methods 

Six brains from patients that underwent CAR T-
cell therapy from 2017 to 2022 in a tertiary univer-
sity hospital were examined. We selected all cases 
with CAR T-cell therapy from requested medical au-
topsies at the Pathology Department during this pe-
riod. Patients received ARI-0001 (anti-CD19) and 
ARI-0002h (anti-BCMA, for patients with multiple 
myeloma) based CAR T treatment. For ARI-0001, the 
planned target cell dose varied depending on the pa-
tient's disease: typically, 1 × 106 ARI-0001 cells/kg 
for patients with acute lymphoblastic leukemia and 
chronic lymphocytic leukemia; and 5 × 106 ARI-0001 
cells/kg for non-Hodgkin lymphoma patients. Full 
details of ARI-0001 and ARI-0002h cell production 
and a phenotypic characterization of these cells can 
be found elsewhere6,12–14. Clinical data was retro-
spectively retrieved from the electronic medical rec-
ords. Formalin-fixed and paraffin-embedded tissue 
sections from the frontal cortex, visual cortex, cin-
gulate, hippocampus, amygdala, thalamus, basal 
ganglia, white matter, midbrain, pons, medulla ob-
longata, spinal cord and cerebellum that had been 
stained with hematoxylin-eosin (HE) were histologi-
cally assessed using light microscopy. In some of the 
cases the study was extended with immunohisto-
chemistry (IHC). IHC was performed on 5-µm forma-
lin-fixed, paraffin-embedded (FFPE) sections using 
the Roche Benchmark Ultra platform with usual an-
tigen retrieval protocols. The primary antibodies 
used were CD3 (2GV6, Roche), CD20 (L26, Roche), 
CD4 (SP35, Roche), CD68 (KP-1, Roche), Glial fibril-
lary acidic protein (GFAP) (EP672Y, Roche), Terminal 
deoxynucleotidyl transferase (TdT) (Roche), Beta 
amyloid (DE2B4, Roche), TAU (AT8, Thermo-Fisher 

Scientific), Neurofilament (2F11, Roche), Herpes 
simplex virus (HSV)-1 (10A3, Roche), HSV2 
(DBM15.69, Sanbio), Human herpes virus (HHV)-6 (A 
& B, gp 60/110, Millipore), HHV-8 (13B10, Roche), 
Cytomegalovirus (CMV) (8B1.2, 1G5.2, and 2D4.2, 
Roche), Epstein-Barr virus (EBV) latent membrane 
protein (LMP)-1 (CS1-4, Roche), Epstein-Barr virus 
(EBV)-encoded small RNAs (EBER) (Roche), and Pol-
yomavirus (MRQ-4, Roche). IHC studies were per-
formed in the initial diagnostic workup when clinical 
suspicion or neuropathological evidence of any 
pathologic process was observed. In addition, a sys-
tematic retrospective analysis was performed: CD3 
and CD20 were screened on hippocampal and mid-
brain sections in all cases, on spinal cord sections in 
all cases except case 1, on frontal cortex in all cases 
except cases 2 and 3, and on basal ganglia only in 
cases 4 and 6. GFAP IHC was performed on frontal 
sections in all cases, on basal ganglia in all cases ex-
cept case 3, on hippocampus in all cases except case 
1, and on midbrain only in case 4. 

Polymerase chain reaction (PCR) in paraffin 
blocks was performed in case 5 for the detection of 
HHV-6, West Nile virus, adenovirus, enterovirus, 
measles, mumps and lymphocytic choriomeningitis. 
Samples of all cases from hippocampus, midbrain, 
and spinal cord (only in cases 2 to 6) were used for 
CAR T-cell detection by PCR. Five micrometer sec-
tions were obtained from paraffin blocks, and DNA 
was extracted using QIA amp DNA FFPE Tissue Kit 
(QIAGEN, Hilden, Germany). Real-time PCR was used 
to measure number of copies/cell. Genomic DNA 
was amplified as previously described13. Amplifica-
tion reactions were performed in triplicate. An 
eight-point standard curve was generated using a 
sequence close to the CDKN1A gene (GENEBANK: 
Z86995) as comparator. The test was calibrated to 
detect a number of copies ranging from 5 to 106 per 
500 ng of genomic DNA. 

Results 

See Table 1 for a summary of the cases here 
presented and the other cases reported in the liter-
ature, and Figure 1 for the comparison of gliosis and 
T-cell infiltrates of the cases. 
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Table 1. Clinical data and histopathologic findings of our cases and previously described cases (modified from7) 
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M: male; F: female; N/A: not applicable. FFPE: Formalin fixed paraffin embedded. 
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Figure 1. Figures Co to F1: GFAP immunohistochemistry of hippocampus (upper third CA1 sector -right side- and subiculum – left side-) 
and parahippocampal area (lower third, transenthorinal cortex) of a control (Co) and cases 2 (B1), 3 (C1), 4 (D1), 5 (E1) and 6 (F1). The 
control was a 52-year-old male who died due to an acute bilateral adrenal hemorrhage with extensive clasmatodendrosis (insets, para-
hippocampal white matter, 400x). The cases showed variable gliosis, predominantly mild, higher in case 5 (E1) who had an encephalitis, 
and case 4 (D1) who died with an extensive acute pneumonia. Both had mild and isolated clasmatodendritic changes in white matter (see 
insets). 

Row 3 and 4 show T-cell infiltrates (CD3+) in parahippocampal cortex (left half) and substantia nigra pars compacta (right half), in cases 1 
(A2), 2 (B2), 3 (C2), 4 (D2), 5 (E2) and 6 (F2). Only case 5 (E2) presented marked infiltrates, while other cases has only scattered to isolated 
perivascular T-cells. Case 2 (B2), which was positive for CART PCR in brain tissue, did not have significantly higher T-cell infiltrates (Figures 
Co, B1 to F1 20x scale bar 500 µm; insets 400x, scale bar 20 µm. Figures A2 to F2 200x, scale bar 50 µm). 
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Case 1 

A 44-year-old woman with acute B-cell lympho-
blastic leukemia presented to an outside hospital 
with central nervous system (CNS) involvement and 
a paravertebral mass (D8-D10) without spinal com-
pression. At disease onset, she had lymph node in-
volvement and leukocytosis and was refractory to 
five lines of treatment. At her first consultation in 
our center she did not present any neurological 
symptoms. Basal brain Magnetic Resonance Imaging 
(MRI) showed a nonspecific lacunar lesion in the left 
frontal white matter and discrete homogeneous du-
ral enhancement in cerebral convexity; the cerebro-
spinal fluid (CSF) study was normal. After the condi-
tioning with cyclophosphamide and fludarabine, she 
received CAR-CD19 treatment. Three days after the 
infusion she developed fever, pulmonary interstitial 
infiltrates, and pleural effusion. The radiology was 
suggestive of non-cardiogenic oedema, with iso-
lated colonies of Staphylococcus haemolyticus in 
respiratory samples culture. She received antimicro-
bial therapy, depletive treatment, pleural drainage, 
and non-invasive mechanical ventilation, as well as 
tocilizumab, as a CRS could not be ruled out. Her 
clinical status improved, although she had persistent 
fever with negative microbiological culture. Four-
teen days after the infusion she progressed with fe-
ver, hemodynamic instability and multi organ fail-
ure, as well as CAR T-cells amplification in peripheral 
blood. With the diagnosis of CRS, a second dose of 
tocilizumab was administered with only partial im-
provement. Steroids were added, but the patient 
developed confusion, suggesting neurotoxicity. The 
electroencephalogram (EEG) showed generalized 
slowing, compatible with encephalopathy, and the 
brain MRI showed two non-specific signal abnormal-
ities/foci of signal alteration without mass effect or 
contrast uptake, lateral to the left ventricular atrium 
and in the right temporo-occipital area adjacent to 
the ventricular occipital horn. Flow cytometry (FC) of 
the CSF revealed the presence of mature T lympho-
cytes and isolated blasts, and the microbiological 
CSF study was weakly positive for HHV-6. Nineteen 
days after the infusion she presented rapidly pro-
gressive respiratory and hemodynamic deteriora-
tion requiring intubation and vasoactive treatment. 
The tracheal aspirate was positive for Stenotropho-
mona maltophila and the diagnostic of septic shock 

due to nosocomial pneumonia was established. An-
tibiotic treatment was escalated. However, she pro-
gressed with pulmonary hemorrhage and died 23 
days after the infusion. 

Neuropathologic gross examination revealed a 
1280 g fixed brain with diffuse petechiae in the dura 
mater. Coronal sections showed slight discoloration 
of right temporal white matter. Histology showed 
mild arteriosclerosis and arteriolar hyalinosis, mini-
mal lymphocytic perivascular infiltrate (T-cell pre-
dominant) and occasional intravascular infiltration 
by atypical cells with TdT positivity (Figure 2), con-
firming the presence of leukemic cells, without re-
markable parenchymal involvement. CAR T-cell PCR 
in the brain was negative and there were no signs 
suggestive of encephalitis associated to viral infec-
tion. 

Full body autopsy demonstrated massive dis-
semination of the lymphoproliferative process af-
fecting the lungs, liver, spleen, bone marrow, lymph 
nodes and mammary gland. The cause of death was 
attributed to disease progression. 

Case 2 

A 19-year-old woman presented with primary 
mediastinal diffuse large B-cell lymphoma with infil-
tration of soft tissues. She had a protracted course 
with persistent mediastinal disease, gastric relapse, 
superior vena cava syndrome and pericardial and 
pleural malignant effusions. She received multiple 
therapy lines including autologous stem cell trans-
plant, local radiotherapy, and several chemotherapy 
lines comprising burkimab protocol and ibrutinib, 
before considering CAR T treatment. Her initial MRI 
showed mild global cerebral atrophy without other 
remarkable findings. On admission she was hypo-
tensive and tachycardic and Positron Emission To-
mography (PET) – Computed Tomography (CT) scan 
showed pericardial infiltration in addition to supra 
and infradiaphragmatic lymphadenopathies, with 
soft tissue, muscle, bone, and pleural multifocal en-
hancement. The presence of bone marrow aplasia 
delayed the conditioning with fludarabine-cyclo-
phosphamide. Respiratory distress increased after 
conditioning along with the pleural effusion, and she 
was admitted to the intensive care unit (ICU) to re-
ceive CAR-CD19 infusions. The following 48 hours, 
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Figure 2. Remarkable histological features: case 1 presented scant intravascular infiltration of the leukemia (A), which was positive for 
TdT (A, inset). Case 5 showed an encephalomyelitis, with predominant involvement of limbic areas (B, entorhinal cortex), basal ganglia (C, 
hypothalamus), brainstem (D, substantia nigra) and spinal cord (E, lumbar spinal cord). T-cell lymphocytic infiltrates were both CD8+ and 
CD4+, with predominance of the former (F and G, CD8+ and CD4+ infiltrates in lumbar spinal cord, which did not show marked tropism 
for motor neurons (arrowheads)) (A 400x, scale bar 20 µm, inset 600x, scale bar 20 µm; B to G, 200x, scale bar 50 µm). 

 

her respiratory status worsened, adding hemody-
namic instability and fever. A nosocomial pneumo-
nia was diagnosed by X-ray and ultrasound examina-
tion, without microbiological isolation, and she re-
ceived antibiotics and fluconazole. Despite treat-
ment, her status worsened, requiring invasive me-

chanical ventilation and vasoactive treatment. Sub-
sequently, she presented superior vena cava syn-
drome and worsening of pericardial effusion with 
progression of hemodynamic instability. Although 
she received corticosteroids and rituximab aiming to 
diminish the tumoral mass, she progressed to or-
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ganic failure, and died 33 days after CAR T infusion. 
Neurological symptoms were not detected in the 
course of the disease, although it was difficult to ex-
amine the patient due to sedation administered dur-
ing invasive mechanical ventilation. Neuropatho-
logic gross examination was unavailable. Histology 
revealed basal ganglia mild gliosis, and occasional 
perivascular hemosiderin deposits in parenchymal 
blood vessels of the white matter and basal ganglia. 
Immunohistochemical studies showed scarce peri-
vascular CD3+ T-cells with minimal intraparenchy-
mal extension in the midbrain tegmentum, as well 
as in perithalamic white matter and cervical spinal 
cord. T-cells were not detected in the hippocampus, 
and there were almost no CD20+ B-cells. PCR for the 
detection of CAR T-cells in paraffin blocks of mid-
brain and spinal cord was positive, while it was neg-
ative in the hippocampus. 

Full body autopsy revealed a large mediastinal 
mass with pericardial extension causing severe con-
strictive pericarditis, as well as extension to cervical 
region, diaphragm, rib wall and skin, and multiorgan 
tumor implants. No clear histological signs of acute 
neutrophilic pneumonia were found, although the 
immunosuppressive and neutropenic status may 
have had hindered the presence of histological 
signs. The cause of death was attributed to disease 
progression. 

Case 3 

A 19-year-old man with acute B-cell lympho-
blastic leukemia was referred to our center one year 
after disease onset. He had relapsed disease despite 
induction protocol and six consolidation treatment 
cycles, as well as one cycle of inotuzumab-ozogami-
cine. He received cyclophosphamide and cortico-
steroid bolus as bridge therapy before the infusion 
of CAR-CD19. His initial brain MRI showed multiple 
bilateral cortical and subcortical frontoparietal sig-
nal abnormalities suggesting chronic hemorrhages 
from multiple cerebral cavernomatosis, but no con-
traindication for the CAR T therapy was found. After 
conditioning with fludarabine and cyclophospha-
mide, antibiotics were started due to fever and iso-
lation of Enterococcus faecalis in urine culture. 
Twelve hours after the first CAR T-cell infusion, he 
presented fever and hemodynamic instability re-

fractory to fluids. He was transferred to the inten-
sive care unit (ICU) with the diagnosis of CRS grade 
3. Tocilizumab, high doses of methylprednisolone 
and siltuximab, as well as support treatment with 
several vasopressors, mechanical ventilation, and 
empirical treatment with antifungal and antibacte-
rial agents were administered. However, he devel-
oped refractory multiorgan failure, with negative 
microbiological analyses, and he died five days after 
CAR T-cell infusion. No neurological symptoms were 
noted, and he was clinically diagnosed as fatal CRS 
(grade 5). 

Neuropathologic gross examination revealed a 
1255 g fixed brain. Coronal sections showed mild 
congestive appearance of left amygdala, putamen, 
front-temporo-parieto-occipital white matter, and 
pontine nuclei, as well as mild greyish discoloration 
of white matter, midbrain tegmentum and pons. 
The brainstem showed moderate substantia nigra 
depigmentation. 

Histology confirmed mild white matter oe-
dema with mild gliosis, mainly in basal ganglia (ven-
tral thalamus) and midbrain tegmentum/periaque-
ductal grey matter. Blue dark neurons were ob-
served in cortical areas, predominantly in layers II 
and III, suggestive of incipient mild hypoxic-ischemic 
changes. Histology also revealed mild congestion 
and minimal arteriosclerosis of parenchymal blood 
vessels with occasional perivascular histiocytes with 
hematic component, without perivascular tissue 
damage. No evidence of venous dilations or vascular 
malformations were observed; the changes re-
ported by MRI study were attributed to hemody-
namic fluctuations in life rather than to the presence 
of established vascular malformations. PCR for the 
detection of CAR T-cells in paraffin blocks was nega-
tive. 

Full body autopsy revealed no significant find-
ings. The cause of death was attributed to CRS after 
CAR T-cell infusion. 

Case 4 

A 63-year-old male patient with a grade 3A, 
stage IV follicular lymphoma with abdominal extran-
odal and mesenteric involvement that had been 
treated with a first line of R-CHOP and had reached 
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partial response. Following maintenance with ritux-
imab for 2 years, he remained stable one more year, 
until progression of the abdominal mass, new gastric 
infiltration, and PET hypermetabolism in the esoph-
agus. After a third line with obinotuzumab and ben-
damustine, a failed attempt of autologous stem cell 
aphaeresis, and maintenance with obinutuzumab, a 
fourth line with idelalisib was started. However, the 
abdominal disease progressed with involvement of 
peripancreatic, renal and iliac lymph nodes, the pa-
tient was not eligible to allogeneic stem cell trans-
plant, and he received CAR-CD19 therapy with prior 
fludarabine and cyclophosphamide conditioning. 

After the third day of consecutive infusion, the 
patient developed fever with mild hypotension that 
was diagnosed as grade 2 CRS and had a good re-
sponse to tocilizumab. He had an episode of toxic 
epidermolytic necrolysis (diagnosed by skin biopsy) 
with severe extensive rash and oral lesions. He also 
presented with severe aplasia, as well as a septic 
shock due to urinary tract infection that was treated 
in the ICU. After initial improvement, he presented 
a pulmonary hemorrhage with colonization by Can-
dida glabrata, and developed kidney failure, hyper-
kaliemia, tracheobronchitis, more episodes of septic 
shock due to bacteremia of intestinal and skin origin 
(Bacteroides fragilis, Pseudomona aeruginosa, En-
terococcus faecium), and persistent candidemia as 
well as CMV reactivation. Due to persistent skin le-
sions, an alternative diagnosis of CAR T-cell associ-
ated dermatosis was suspected. Immunosuppres-
sion was restarted, improving the skin lesions, but it 
had to be stopped due to bone marrow aplasia and 
worsening neutropenia. Of note, the refractory fol-
licular lymphoma showed morpho-metabolic de-
crease in post CAR T infusion CT and PET scans, at-
tributed to the presence of circulating CAR T-cells. 
Eventually, the last episode of septic shock and ven-
tilator associated pneumonia were refractory, which 
led to death after 4 months in the ICU at 5 months 
of CAR T-cell therapy. He died without evidence of 
neurological symptoms in the course of the disease, 
and a brain computerized tomography (CT) done 45 
days after the CAR T infusions showed no significant 
findings. 

Neuropathologic gross examination showed a 
1240 g fixed brain. Coronal sections showed mild 

congestive changes in caudate, putamen, thalamus, 
and parieto-occipital white matter. 

Histology revealed cortical gliosis in frontal and 
parahippocampal cortices, in possible relation to 
acute hypoxic-ischemic injury, as well as mild scat-
tered foci of gliosis with minimal clasmatodendrosis 
in frontal and parahippocampal subcortical white 
matter, highlighted with GFAP immunohistochemis-
try (see Figure 1). Mild parenchymal blood vessel ar-
teriosclerosis and arteriolar hyalinosis, with occa-
sional hemosiderin deposits, and isolated perivascu-
lar rarefaction in deep vessels was observed. Histol-
ogy also showed isolated diffuse cortical amyloid 
beta deposits, and minimal amygdala neurofibrillary 
pathology. PCR for the detection of CAR T-cells in 
paraffin blocks was negative. 

Full body autopsy excluded residual neoplasia 
and evidenced a pneumonic process in context of 
the septic condition. The final cause of death was a 
respiratory failure. 

Case 5 

A 28-year-old man with B-cell acute lympho-
blastic leukemia with disease progression with or-
bital infiltration. After diagnosis, induction, and con-
solidation treatment, he received haploidentical 
stem cell transplant (SCT), which was previously con-
ditioned with thiotepa, fludarabine, busulfan and 
prophylaxis of graft versus host disease (GVHD) with 
tacrolimus and cyclophosphamide. He developed 
hemorrhagic cystitis, CMV reactivation, Escherichia 
coli orchitis and tacrolimus nephrotoxicity as compli-
cations, but never GVHD. He relapsed one year after 
SCT with testicular infiltration, which required blina-
tumomab rescue treatment and lymphocyte donor 
infusion plus intrathecal prophylaxis, but ultimately 
led to radiotherapy and posterior bilateral orchiec-
tomy. Two years after diagnosis, he had progressive 
disease and was planned for CAR-CD19 therapy. His 
initial brain MRI showed few nonspecific subcortical 
white matter hyperintense signal abnormalities, and 
tumor infiltration of the right orbit. After lym-
phodepletion with fludarabine and cyclophospha-
mide, he received a first CAR T-cell infusion with 
good tolerance, no signs of CRS and good response 
observing non-neoplastic B-cells. Due to loss of CAR 
T-cells in peripheral blood, he received two reinfu-
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sions in a 10-month period. The second was fol-
lowed by an early loss of CAR T-cells due to antibod-
ies, and the third infusion was made after plasma ex-
change to remove the antibodies. After the third in-
fusion, he presented with fever without a clear 
origin that was treated with antibiotics, with low 
clinical suspicion of CRS due to the absence of ana-
lytical alterations. Almost one month after this last 
infusion, he presented with confusion, bradypsychia 
and generalized tremor. Repeated, a brain MRI 
showed no significant changes, and persistent tu-
mor infiltration of the right orbit. EEG study showed 
diffuse slowing, and there were not significant find-
ings in the CSF study. The neurological symptoms 
were refractory, and he died 43 days after the third 
CAR T-cell infusion. 

Neuropathologic gross examination showed a 
1385 g fixed brain. Coronal sections showed soften-
ing in both putamen. 

Histology revealed diffuse gliosis predominant 
in basal ganglia, hippocampus, substantia nigra and 
brainstem. The most relevant finding was interstitial 
and perivascular lymphocytic infiltrates, together 
with histiocytic infiltrates, which were severe in an-
terior horns and grey matter of spinal cord, and to a 
lesser extent in the midbrain and hippocampus (Fig-
ure 2). Immunohistochemical studies revealed that 
lymphocytic infiltrates were CD3+ T-cells, predomi-
nantly CD8+, with practically no B-cells being ob-
served, and were accompanied by severe CD68+ mi-
croglial activation with foamy histiocytes. Neurofila-
ment staining showed occasional phosphorylated 
somas as well as isolated axonal spheroids in cortical 
and hippocampal white matter, without axonal loss 
in spinal cord tracts. GFAP staining showed mild and 
focal clasmatodendritic changes in the white matter. 
All the findings above were concordant with the di-
agnosis of a diffuse lymphocytic encephalomyelitis 
predominant in brainstem, spinal cord and limbic 
system, with milder disease in cortex and basal gan-
glia, and relative sparing of cerebellum. No viral in-
clusions were observed, and virus detection stains 
for HSV-1, HSV-2, HHV-6, HHV-8, CMV, EBV and pol-
yomavirus, and PCR for HHV-6, West Nile virus, ade-
novirus, enterovirus, measles, mumps and lympho-
cytic choriomeningitis were negative. PCR in paraffin 
blocks for the detection of CAR T-cells was negative. 

Full body autopsy revealed extensive pulmo-
nary hemorrhage with no apparent signs of infection 
and foci of extramedullary hematopoiesis in the 
liver. After all, the cause of death was attributed to 
an unspecified encephalomyelitis, suggesting pri-
marily an infectious etiology but not ruling out im-
mune causes. 

Case 6 

A 71-year-old woman with multiple myeloma 
IgA kappa R-ISS II, diagnosed from a scalp extrame-
dullary plasmacytoma. Cytogenetic showed high risk 
(17p deletion) and it relapsed after four therapy 
lines. She received fludarabine and cyclophospha-
mide conditioning after bridging therapy. After one 
week of the first CAR-BCMA infusion, she was admit-
ted to the ICU due to a grade 2 CRS with fever and 
hypotension that were successfully treated with one 
dose of tocilizumab and corticosteroids. Ten days 
later, she presented episodes of hypotension with-
out fever or alterations in chest and brain CT or 
echocardiography. In the differential diagnosis, neu-
rotoxicity related to treatment was considered, cor-
ticosteroid dose was increased, and antibiotics were 
added. She worsened with agitation, tachypnoea, 
and respiratory failure; and progressed to refractory 
multiorgan failure with ischemic hepatitis, renal fail-
ure, and hemorrhagic complications in the context 
of thrombocytopenia. A macrophagic activation syn-
drome was suspected due to LDH and ferritin in-
crease, and treatment was attempted with cortico-
steroids, anakinra, siltuximab and cyclophospha-
mide. Amid this situation, she presented a blood cul-
ture positive for Escherichia coli without detectable 
septic focus. Despite all measures, she remained in 
multiorgan failure with acidosis and hyperlac-
tacidemia, and she died 19 days after CAR T-cell 
therapy start. Additional neurotoxicity signs were 
not evident. 

Neuropathologic gross examination showed a 
1045 g fixed brain with mild hippocampal and amyg-
dalar atrophy. Neuropathologic evaluation revealed 
mild arteriosclerosis (with focal mural calcification in 
globus pallidus arteries) and diffuse minimal gliosis. 
Histology revealed scattered perivascular T-cells 
(CD3+) in basal nuclei, frontal cortex, and hippocam-
pus. Minimal microglial activation highlighted with 
CD68 accompanied these findings. She also had a 

https://doi.org/10.17879/freeneuropathology-2022-4365


Free Neuropathology 3:23 (2022) Vidal-Robau et al 
doi: https://doi.org/10.17879/freeneuropathology-2022-4365 page 12 of 14 
 
 

 

definite primary age related tauopathy or PART 
(Braak stage I/VI, Thal 0) and mild periamygdaline 
age related tau astrogliopathy or ARTAG. PCR for the 
detection of CAR T-cells in paraffin blocks was nega-
tive. 

The most remarkable systemic finding was a 
submassive acute hepatic necrosis. The prominent 
center lobular location, the lack of cytopathic 
changes and negative immunohistochemical stains 
for HSV-1, HSV-2, HVV-8, CMV, EBV LMP1 and EBER 
oriented to a hemodynamic–hypovolemic etiology. 
There were additional acute hemorrhagic foci, like in 
myocardium and intestines, but the lack of tissue is-
chemia or inflammatory reaction surrounding them 
suggested they were acute premortem ischemic 
changes. Remarkably, there was hypercellular bone 
marrow with T-cell expansion and hemophagocyto-
sis. Immunohistochemistry for CD68 in different or-
gans showed moderate histiocytic activation in the 
spleen and mild activation in the heart, liver, intes-
tine and brain. In the latter, it did not seem to induce 
secondary tissue alterations, hence its impact may 
had been limited. A lithic focus in the cranium was 
constituted mainly by fibrotic reactive tissue with-
out evidence of plasma cell disease. After all, the 
cause of death was attributed to submassive liver 
necrosis of probable ischemic cause. 

Discussion 

Here we present the neuropathological find-
ings of 6 deceased patients, 3 women and 3 men, 
who received a CD19- (5) and BCMA- (1) targeted 
CAR T-cell therapy. Three of them had a B-cell acute 
lymphoblastic leukemia, one a follicular lymphoma 
3A grade, one a primary mediastinal diffuse large B-
cell lymphoma, and the other a multiple myeloma 
with plasmocytoma. Only 2 of them presented ex-
plicit neurological symptoms in the course of the dis-
ease. 

Brain gross examination did not show signifi-
cant alterations in any of the patients. Histological 
findings in one of the patients with neurological 
symptoms were mild arteriosclerosis and arteriolar 
hyalinosis, minimal lymphocytic perivascular infil-
trate (mainly CD5+) and leukemic cells, in line with 
the systemic progression of the hematologic malig-

nancy as the cause of death. The histological exami-
nation of the other patient with neurological symp-
toms showed a severe perivascular and interstitial 
lymphocytic infiltration, predominantly CD8+, ad-
mixed with a diffuse interstitial histiocytic infiltra-
tion, affecting mainly the spinal cord, midbrain, and 
hippocampus, along with a diffuse gliosis of basal 
ganglia, hippocampus, and brainstem. Microbiologic 
studies were negative for neurotropic viruses, and 
PCR failed to detect CAR T-cells. Finally, the cause of 
death was attributed to a lymphocytic encephalo-
myelitis of unknown etiology, infectious versus 
toxic, without being able to demonstrate viral infec-
tion nor CAR T-cells in brain tissue. One of the cases 
without neurological signs showed mild clasma-
todendrosis in context of terminal hypoxic-ischemic 
damage. The rest showed a mild patchy gliosis and 
microglial activation, with no other remarkable his-
tologic changes. CAR T-cells were detected by PCR 
only in one of them, without histological particulari-
ties. 

Reports of neuropathological findings after 
CAR T-cell therapy are scarce. Neuropathological 
findings in autopsies of different types of patients 
vary, but there are common changes suggesting as-
trocyte dysfunction, blood-brain barrier disruption 
with endothelial damage and activation, and a sub-
sequent increase in vascular permeability. We found 
four cases described in the literature, all of them 
with neurological involvement that led to death. The 
autopsy of a patient who died from fulminant cere-
bral oedema showed signs of blood-brain-barrier 
disruption, clasmatodendrosis and microglial activa-
tion8. The findings in the autopsy of another patient 
who died from progressive neurologic deterioration 
were diffuse gliosis with severe neuronal loss and 
degeneration of white matter, dense infiltration of 
macrophages with numerous microglial cells, as well 
as a CD8+ infiltrate. It is worth noting that before the 
hematologic malignancy, he had the diagnosis of op-
tic atrophy, which could alter the findings10. The au-
topsy findings of another 2 patients were vascular in 
nature, with multifocal microhemorrhages, peri-
vascular infiltration of CD8+ cells, intravascular von 
Willebrand factor (vWF) binding, and platelet micro-
thrombi, along with more severe vascular findings, 
such as karyorrhexis and fibrinoid vessel wall necro-
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sis. Reactive microglia was also noted, the percent-
age of T-cells in the parenchyma mirrored the per-
centage of those cells in the CSF9. 

It is worth highlighting that the clinical setting 
of patients undergoing CAR T-cell therapy makes it 
difficult to determine the cause of the observed neu-
rological symptoms. While CRS is widely studied, 
neurological toxicity itself remains less understood. 
Neurological damage due to the underlying hemato-
logical disease, opportunistic infections in a setting 
of severe immunosuppression, and pharmacological 
toxicity of accompanying chemotherapy drugs are 
conditions that should be taken into consideration 
when evaluating the possible effects of CAR T-cell 
therapy. Fludarabine, a drug used for the condition-
ing with cyclophosphamide in all our cases, seems to 
promote a discernible form of neurotoxicity, with 
unspecific but distinctive gliosis and white matter in-
volvement11. Basic neuropathologic assessment al-
lows reliably detecting or discarding malignant cell 
infiltration in the central nervous system. It also en-
ables to demonstrate the presence of inflammation 
with or without infectious agents in neurological tis-
sue, although their absence does not completely 
rule out infection as in our fifth case. 

Alterations of the BBB cannot be reliably stud-
ied in HE alone and specially without a prior tech-
nical background. Nevertheless, without clear evi-
dence of brain weight gain, oedema, and white mat-
ter changes, nor minimal vascular damage and peri-
vascular cellular reactions, BBB disruption may be at 
best limited in cases without neurological involve-
ment in life. On the other hand, astrocyte injury can 
be highlighted with IHC showing GFAP aberrant 
beading and fragmentation, a phenomenon called 
clasmatodendrosis, that relates to blood barrier dys-
function8,15. We reexamined our cases with GFAP, 
and only saw scattered foci of clasmatodendrosis in 
2 cases, one with hypoxic-ischemic changes in the 
context of nosocomial pneumonia and one with en-
cephalomyelitis. Clasmatodendrosis has been re-
lated to acute metabolic disturbances in astrocytes 
(hypoxia, ischemia, hypoglycemia…)15, and as such 
may not be pathognomonic of CRS brain pathology 
or fludarabine neurotoxicity, for example, especially 
when is mild and focal and may have alternative 
causes. The relative lack of clasmatodendrosis as 
well as overall gliosis in most of our cases would sup-

ort the notion that BBB dysfunction is not a system-
atic feature in CAR T-cell treated critical patients 
when they do not have specific and severe neurolog-
ical symptomatology. 

We present 6 patients who died after CAR T-
cell therapy, 2 of whom displayed neurologic clinical 
manifestations with only one showing significant 
neuropathological findings. This case had an en-
cephalomyelitis of immune-toxic versus infectious 
origin, being the findings in the rest of the patients 
unspecific and minimal, with mild chronic vascular 
disease and changes suggestive of terminal hypoxic-
ischemic etiology. Interestingly, the encephalomye-
litis changes could not be related to the presence of 
CAR T-cells in brain tissue, while we were able to 
demonstrate CAR T-cells in brain tissue of one pa-
tient without relevant histological changes nor neu-
rological symptoms. 

In conclusion, patients that die after CAR T-cell 
therapy show non-specific or minimal neuropatho-
logical changes, especially when they lack evident 
neurological symptoms and these do not contribute 
in patient death. CAR T-cell related direct toxicity 
may not be the only cause for neurological symp-
toms, and autopsy may detect other pathological 
processes, such as disease progression. CAR T-cell 
therapy is a new therapeutic approach that needs 
further research to elucidate its potential adverse 
effects and the underlying pathological mechanisms 
behind them. 
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