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Ruxolitinib Is an Effective Therapy for Ciltacabtagene 
Autoleucel-Associated Parkinsonism  

in Multiple Myeloma

Baldeep Wirka, c, Jin Limb

Abstract

After ciltacabtagene autoleucel (cilta-cel) in multiple myeloma, 5% 
of patients can develop parkinsonism, with a high fatality rate. The 
pathogenesis and optimal therapy of parkinsonism from B-cell matu-
ration antigen chimeric antigen receptor T-cell (CAR T-cell) therapy 
are unknown. Parkinson’s disease occurs from the loss of dopaminer-
gic neurons in the substantia nigra. However, in cilta-cel-associated 
parkinsonism, dopamine transporter imaging is normal, rendering 
traditional agents such as carbidopa/levodopa ineffective. Thus, the 
pathogenesis of cilta-cel-associated parkinsonism and Parkinson’s 
disease is distinct. As CAR T-cell therapy for multiple myeloma is 
expanding and moving to earlier lines, the need to optimize therapy 
for parkinsonism, a potentially life-threatening complication, be-
comes more urgent. This report presents the first documented cases 
of two patients with immune effector cell-associated hemophagocytic 
lymphohistiocytosis-like syndrome and cilta-cel-associated parkin-
sonism, effectively treated with ruxolitinib.
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Introduction

Movement and neurocognitive treatment-emergent adverse 
events (MNTs) occur with B-cell maturation antigen (BCMA) 
chimeric antigen receptor (CAR) T-cell therapy for multiple 
myeloma (MM), such as ciltacabtagene autoleucel (cilta-cel) 

and idecabtagene vicleucel [1, 2]. In the CARTITUDE-1 
study of cilta-cel in relapsed/refractory MM, 5% of patients 
developed MNTs with parkinsonism, which can be fatal [3, 
4]. Three of five parkinsonism patients died from neurotoxic-
ity or infection [4]. In a real-world experience of cilta-cel in 
236 relapsed/refractory MM patients, five patients developed 
parkinsonism. Only one patient had partial improvement in 
parkinsonism, whereas the remaining four patients died [5]. 
In addition, five patients developed immune effector cell-as-
sociated hemophagocytic lymphohistiocytosis-like syndrome 
(IEC-HS), a hyperinflammatory syndrome characterized by 
hyperferritinemia, pancytopenia, coagulopathy, transaminitis, 
and organ failure [5].

The pathogenesis and optimal therapy of cilta-cel-asso-
ciated-parkinsonism are unknown, with sparse information 
in the literature. Parkinson’s disease occurs from the loss of 
dopaminergic neurons in the substantia nigra, as demonstrated 
by abnormal activation of dopamine transporters, often seen 
on I-123 ioflupane dopamine transporter imaging. In contrast, 
dopamine transporter imaging is normal in cilta-cel-associated 
parkinsonism, rendering traditional agents such as carbidopa/
levodopa ineffective [3, 4]. Furthermore, autopsies of two 
patients with MNTs in CARTITUDE-1 showed an intact sub-
stantia nigra, pointing to a distinct pathogenesis of cilta-cel-
associated parkinsonism from Parkinson’s disease [4].

MNTs occur after recovery from cytokine release syn-
drome (CRS) or immune effector cell-associated neurotoxic-
ity (ICANS) with a median onset on day 27 (range 14 - 108) 
post cilta-cel infusion [4]. Therapies, such as corticosteroids, 
intrathecal chemotherapy, systemic chemotherapy (cyclo-
phosphamide), and anakinra, have been tried with minimal 
responses [4].

Using immunosuppressive therapy, such as cyclophospha-
mide, to rapidly clear CAR T cells showed mixed responses 
with opportunistic infections and even death in two of the three 
cases [1-3]. A CARTITUDE-1 patient who developed parkin-
sonism received intravenous (IV) cyclophosphamide. The 
patient died of multi-organ failure on day 162 after cilta-cel 
[3]. At autopsy, some neurons and astrocytes in the caudate 
nucleus and frontal cortex had BCMA expression, alluding to 
an on-target off-tumor effect of cilta-cel [3, 4]. In contrast, an-
other study showed undetectable immunoreactivity to BCMA 
protein in normal adult brains [6].

As CAR T-cell therapy for MM is expanding and moving 
to earlier lines, the need to optimize therapy for parkinsonism, 
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a potentially life-threatening complication, becomes more ur-
gent. This report presents the first documented cases of two 
patients with IEC-HS and cilta-cel-associated parkinsonism, 
effectively treated with ruxolitinib.

Case Reports

Case 1

A 53-year-old female with Revised International Staging Sys-
tem (R-ISS) I kappa light chain MM, 46XX, +1q, del 17p13, 
and DNMT3A mutation (variant allele frequency 6.79%) be-
came penta-refractory to lenalidomide, bortezomib, carfil-
zomib, pomalidomide, and daratumumab over 3 years. She 
had no personal or family history of Parkinson’s disease. Be-
fore cilta-cel infusion, she had a low tumor burden (bone mar-
row clonal plasmacytosis 15%; serum free kappa light chain 
(SFKLC) 1,436 mg/L (normal 3.3 - 19.4 mg/L)). She had lym-
phodepletion with standard fludarabine 30 mg/m2 and cyclo-
phosphamide 300 mg/m2 daily for 3 days followed by cilta-cel 
0.6 × 106/kg infusion on day 0. Day 0 absolute lymphocyte 
count (ALC) was 0.1 × 109/L (1.3 to 3.6 × 109/L). Day 6 post-
infusion, two doses of tocilizumab resolved the grade 2 CRS. 
No ICANS occurred. Grade 2 IEC-HS developed on day 10: 
hyperferritinemia > 30,000 ng/mL (16 - 150 ng/mL) with base-
line ferritin 451 ng/mL; transaminitis; hypofibrinogenemia 
90 mg/dL (200 - 450 mg/dL); soluble interleukin-2 receptor 
(sIL-2R) 8,180 U/mL (223 - 770 U/mL); chemokine C-X-C 
motif ligand 9 (CXCL9) 57,240 pg/mL (< 647 pg/mL), and 
worsening pancytopenia (grade 4 neutropenia and thrombocy-

topenia). The maximum ALC occurred on day 12: 2.1 × 109/L. 
The CD4+ T-cell count was 64/mm3 (480 - 1,800) at day 14 
and ALC was 1.3 × 109/L on day 21. The IEC-HS was treated 
with anakinra 100 mg IV every 8 h for 5 days, dexamethasone 
10 mg IV every 8 h, and cryoprecipitate, with resolution of the 
transaminitis, but not the hypofibrinogenemia, hyperferritine-
mia, and pancytopenia.

On day 30, the patient developed hypomimia, hypopho-
nia, cogwheel rigidity, micrographia, bradykinesia, inability 
to stand without assistance, and shuffling gait. She could not 
initiate a conversation but did give appropriate one-word an-
swers (the immune effector cell encephalopathy (ICE) score 
remained 10; ICANS 0; CRS 0).

Brain magnetic resonance imaging (MRI) with/without 
contrast showed an increased T1 signal of the bilateral basal 
ganglia not seen on the MRI before cilta-cel infusion (Fig. 1a). 
The brain (18F) fluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) showed hypometabolism of the caudate and 
frontal lobes (Fig. 2a, b) as demonstrated by statistically sig-
nificant increased chromatic aberrations seen on voxel-based 
PET analysis when compared to a normalized population data-
set. The electroencephalogram (EEG), carotid ultrasound, and 
brain dopamine transporter scan were normal (Fig. 1c). The 
cerebrospinal (CSF) cell counts, glucose, protein, cytology, 
meningoencephalitis, autoimmune, and paraneoplastic pan-
els were normal. The serum viral, fungal, and parasitic pan-
els were negative, including JC virus, human herpesvirus 6 
(HHV6), parvovirus B19, and strongyloides. Neuro-oncology 
diagnosed cilta-cel-associated parkinsonism stage 4 by the 
Hoehn and Yahr scale [7]. The hyperferritinemia, pancytope-
nia, and hypofibrinogenemia persisted.

On day 30, the patient received IV gammaglobulin 2 g/kg 

Figure 1. Structural imaging with MRI T1WI of the brain for case 1. (a) Increased T1 signal of the basal ganglia (arrowheads) 
at diagnosis, not seen before cilta-cell infusion. (b) Post-treatment scan with resolution of prior T1 hyperintense signal of basal 
ganglia. MRI: magnetic resonance imaging; T1WI: T1-weighted image.
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and methylprednisolone 1 g (for 3 days and tapered off by day 
148) without improvement of the parkinsonism. Due to persis-
tent IEC-HS, ruxolitinib 5 mg twice daily was given on day 95. 
In 3 weeks of starting ruxolitinib, the micrographia, cogwheel ri-
gidity, bradykinesia, hypomimia, and hypophonia resolved. The 
patient could stand from recumbency and walk unassisted and 
speak spontaneously. On day 157, the brain MRI showed resolu-
tion of the hyperintense T1 signal in the basal ganglia (Fig. 1b). 
The pancytopenia resolved, and the ruxolitinib was increased 
to 10 mg twice daily on day 163. The fibrinogen and sIL-2R 
normalized, and the ferritin level improved to 782 ng/mL. The 
patient is doing well on ruxolitinib 10 mg twice daily without 
any opportunistic infections. She can conduct all activities of 
daily living (ADLs) independently. The patient achieved strin-
gent complete remission, minimal residual disease negative by 
bone marrow ClonoSEQ and whole-body PET-CT at day 100, 
sustained 1 year after cilta-cel infusion at the time of this report.

Case 2

A 70-year-old male presented with IgAk MM R-ISS I with 
del 17p13, del 1p36, del 14q32, 46XY a year before cilta-cel 

therapy. He was refractory to daratumumab, lenalidomide, 
bortezomib, with dexamethasone and salvage pomalidomide 
and ixazomib. He had no personal or family history of Par-
kinson’s disease. He had low-burden disease (bone marrow 
plasmacytosis 40%, serum monoclonal IgAk 0.8 g/dL, and 
SFKLC 56.87 mg/L) before lymphodepletion with standard 
fludarabine 30 mg/m2 and cyclophosphamide 300 mg/m2 daily 
for 3 days followed by cilta-cel 0.6 × 106/kg infusion on day 0. 
Day 0 ALC was 0.2 × 109/L.

On day 8 post-infusion, grade 1 CRS resolved with two 
doses of tocilizumab. The maximum ALC was 39.1 × 109/L 
on day 12. On day 17, the ALC was 7.6 × 109/L, and he pre-
sented with hypomimia, hypophonia, bradykinesia, cogwheel 
rigidity, shuffling gait, and micrographia. Further testing re-
vealed grade 2 IEC-HS with hypofibrinogenemia 99 mg/dL; 
hyperferritinemia 9,258 ng/mL with baseline ferritin 265 ng/
mL; transaminitis; sIL-2R 2,826 U/mL; CXCL9 57,240 pg/
mL, and worsening pancytopenia (grade 3 neutropenia, ane-
mia, and thrombocytopenia). ICE score was 10, CRS was 0, 
and ICANS was 0.

Brain MRI with/without contrast was normal. Brain FDG-
PET showed hypometabolism of the bilateral frontal lobes 
(Fig. 2d, e) with statistically significant increased chromatic 

Figure 2. Functional imaging for case 1 (a-c) and case 2 (d, e). (a) PET AC and (b) voxel-based analysis of brain PET normal-
ized to standard dataset using MIMneuro software show significant decreased metabolism in bilateral caudate and frontal lobe/
gyri. (c) DAT SPECT scan demonstrates symmetric normal uptake of basal ganglia. (d) PET AC and (e) normalized voxel-based 
analysis of PET brain demonstrate significant decreased metabolism in bilateral frontal lobe/gyri. AC: attenuation correction; DAT: 
dopamine activated transporter; PET: positron emission tomography; SPECT: single photon emission computed tomography.
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aberrations seen on normalized voxel-based PET analysis. 
The EEG and brain dopamine transporter scan were normal. 
The CSF cell counts, glucose, protein, cytology, meningoen-
cephalitis, autoimmune, and paraneoplastic panels were un-
revealing. The serum viral, fungal, and parasitic panels were 
unremarkable. Neuro-oncology diagnosed cilta-cel-associated 
parkinsonism stage 4 by the Hoehn and Yahr scale [7].

He began IV gammaglobulin 2 g/kg; IV methylpredniso-
lone 1 g daily for 3 days, tapered off by day 67; IV anakinra 
100 mg every 8 h for 7 days; and ruxolitinib 5 mg tablet twice 
daily. The IEC-HS resolved by day 50. On day 21, the ALC 
was 0.5 × 109/L. The bradykinesia, cogwheel rigidity, shuf-
fling gait, micrographia, and hypophonia resolved by day 57 
and the hypomimia by day 70. He tolerated the ruxolitinib 
well without any opportunistic infections. On day 165, the 
ruxolitinib was tapered to 5 mg daily without recurrence of the 
parkinsonism. He is conducting all ADLs independently. The 
patient has resumed driving a motor vehicle. The patient at-
tained stringent complete remission, minimal residual disease 
negative by bone marrow ClonoSEQ and whole-body PET-CT 
at day 100, sustained 6 months after cilta-cel infusion at the 
time of this writing.

Discussion

ICANS occurred in 16% of patients in CARTITUDE-1, mostly 
grade 1 or 2, lasting a median of 4 days (1 - 12 days) [4]. How-
ever, for the 5% of patients with cilta-cel-associated parkinson-
ism, the recovery takes longer (median 70 days) in those that 
survive [4]. Cilta-cel-associated parkinsonism can be fatal. In 
the literature, risk factors for developing MNTs after cilta-cel 
therapy include high tumor burden (bone marrow clonal plas-
macytosis > 80%; serum monoclonal spike ≥ 5 g/dL; and in-
volved serum free light chain ≥ 5,000 mg/L) [4]. Despite hav-
ing a low tumor burden (bone marrow plasmacytosis < 50%; 
serum M spike < 3 g/dL; and involved serum free light chain 
< 3,000 mg/L), our patients still developed cilta-cel-associated 
parkinsonism. Other predictors for developing MNTs include 
CD4+ T-cell count > 1,000/mm3 at day 14 and ALC > 3 × 109/L 
on day 21 post-infusion, which are surrogate markers for high 
cilta-cel expansion and persistence since measuring CAR T 
cells in the real-world clinical setting is challenging [4]. Only 
case 2 had lymphocytosis. CRS grade ≥ 2 is another predictive 
marker for developing MNTs, seen in case 1 but not case 2 
[4]. Four of five parkinsonism patients in the CARTITUDE-1 
study had prior ICANS, not seen in either of our patients.

The DNMT3A, TET2, and ASXL1 (DTA) mutations are 
linked with inflammation and greater neurotoxicity after CAR 
T-cell therapy in lymphoma [8]. Plasma interleukin-6 (IL-6) 
levels, grade ≥ 3 ICANS (58.9% vs. 25%, P = 0.02), and grade 
≥ 3 CRS (17.7% vs. 4.2%, P = 0.08) incidences were higher 
in DTA-positive than in DTA-negative patients after CAR T-
cell therapy [8]. Case 1 had a DNMT3A mutation, which may 
have accounted for more significant neurotoxicity after cilta-
cel, although more studies are needed. Case 2 had no clonal 
hematopoiesis.

In other case reports of cilta-cel-associated parkinsonism, 

there was an increased T1 signal of the bilateral basal ganglia 
on brain MRI and hypometabolism of the caudate and fron-
tal lobes on brain FDG-PET, as in our patients [1-3]. The T1 
signal from the brain MRI was reversible after the parkinson-
ism improved in case 1. The dopamine transporter scan was 
normal in both patients, indicating a distinct pathophysiology 
from Parkinson’s disease.

Both patients developed grade 2 IEC-HS after CRS reso-
lution, with hyperferritinemia, hypofibrinogenemia, transami-
nitis, and pancytopenia [9]. Neurological complications, such 
as ataxia, seizures, and MRI brain basal ganglia hyperintensity, 
occur in primary and secondary hemophagocytic lymphohis-
tiocytosis [10]. However, the neurological manifestations of 
IEC-HS are unknown.

Ruxolitinib blocks signal transduction in the Janus ki-
nase/signal transducer and activator of transcription (JAK/
STAT) pathway by inhibiting JAK1 and JAK2 and reduces 
the activity of proinflammatory cytokines, such as interferon 
(IFN)-gamma, interleukin-2 (IL-2), and IL-6, without impair-
ing T-cell cytotoxicity in IEC-HS [11-13]. This is particularly 
significant as peak IL-6 and IFN-gamma levels were higher in 
patients with MNTs from cilta-cel, suggesting the promising 
potential of ruxolitinib in treating MNTs [4].

Ruxolitinib is also effective in hemophagocytic lympho-
histiocytosis as frontline or salvage therapy by reducing the 
activity of INF-gamma, IL-2, and IL-6 [12-15]. We avoided 
high-dose cyclophosphamide since only one case report 
showed improvement in cilta-cel-associated parkinsonism, 
albeit with opportunistic infections [2]. Cyclophosphamide 
compounds the immunosuppression of CAR T-cell therapy, 
further increasing the risk for opportunistic infections [1, 3]. 
Indeed, infection is the primary cause of non-relapse mortality 
(50.9%) from CAR T-cell therapy [16]. Neither of our patients 
had opportunistic infections while on ruxolitinib.

Case 1 had ruxolitinib in the salvage setting for IEC-HS 
since neither anakinra, methylprednisolone, nor IV immuno-
globulin improved the IEC-HS or the parkinsonism. Case 2 
had frontline ruxolitinib. Importantly, neither patient had op-
portunistic infections. In both cases, there was resolution of 
the IEC-HS, and in parallel, the parkinsonism improved by 4 
months in case 1 and 2 months in case 2, likely reflecting the 
use of ruxolitinib in the salvage setting in case 1 and frontline 
in case 2 (Table 1).

The neurological manifestations of IEC-HS are unknown. 
It is intriguing to postulate that parkinsonism is a neurologi-
cal manifestation of IEC-HS. Or is IEC-HS a predictive factor 
for cilta-cel-associated parkinsonism? These are the first two 
patients reported who had IEC-HS concomitantly with parkin-
sonism from cilta-cel. Further studies are needed. In the mean-
time, in patients with cilta-cel-associated parkinsonism, it is 
essential to assess for IEC-HS, as both conditions can be life-
threatening. Since precise predictive factors for developing cil-
ta-cel-associated parkinsonism are unknown, it is imperative 
to monitor patients for at least 6 months post-cilta-cel infusion. 
Imaging can help in the interim to gauge cilta-cel-associated 
parkinsonism and recovery after immunotherapy.

In conclusion, ruxolitinib is a life-saving therapy for IEC-
HS and cilta-cel-associated parkinsonism and should be fur-
ther explored in clinical studies.
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