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Abstract

Objective
To define the characteristics and the outcome of myelitis associated with immune checkpoint
inhibitors (ICIs).

Methods

We performed a retrospective research in the databases of the French Pharmacovigilance
Agency and the OncoNeuroTox network for patients who developed myelitis following
treatment with ICIs (2011-2020). A systematic review of the literature was performed to
identify similar cases.

Results

We identified 7 patients who developed myelitis after treatment with ICIs (anti-PD1 [n = 6],
anti-PD1 + anti-CTLA4 [n = 1]). Neurologic symptoms included paraparesis (100%),
sphincter dysfunction (86%), tactile/thermic sensory disturbances (71%), and proprioceptive
ataxia (43%). At the peak of symptom severity, all patients were nonambulatory. MRI typically
showed longitudinally extensive lesions, with patchy contrast enhancement. CSF invariably
showed inflammatory findings. Five patients (71%) had clinical and/or paraclinical evidence of
concomitant cerebral, meningeal, caudal roots, and/or peripheral nerve involvement. Despite
the prompt discontinuation of ICIs and administration of high-dose glucocorticoids (n = 7),
most patients needed second-line immune therapies (n = S) because of poor recovery or early
relapses. At last follow-up, only 3 patients had regained an ambulatory status (43%). Literature
review identified 13 previously reported cases, showing similar clinical and paraclinical features.
All patients discontinued ICIs and received high-dose glucocorticoids, with the addition of
other immune therapies in 8. Clinical improvement was reported for 10 patients.

Conclusion

Mpyelitis is a rare but severe complication of ICIs that shows limited response to glucocorticoids.
Considering the poor functional outcome associated with longitudinally extensive myelitis,
strong and protracted immune therapy combinations are probably needed upfront to improve
patient outcome and prevent early relapses.
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Glossary

CTLA4 = cytotoxic T-lymphocyte-associated protein 4; ICI = immune checkpoint inhibitor; irAE = immune-related adverse
event; NSCLC = non-small-cell lung cancer; PD-1 = programmed death 1; PDL-1 = programmed death-ligand 1.

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies
used for cancer treatment that enhance host immune responses
toward tumor cells by blocking signaling pathways responsible for
T cell inhibition (cytotoxic T-lymphocyte-associated protein 4
[CTLA4], programmed death 1 [PD-1]/programmed death-
ligand 1 [PDL-1])." Despite their remarkable oncological effi-
cacy," ICIs might result in unwanted immune reactions against
the self? Neurologic immune-related adverse events (irAEs) are
relatively uncommon, but they might be severely disabling or
even life threatening.”> Among them, myelitis seems especially
rare, its description remaining limited to isolated cases. Here, we
present 7 patients with ICI-related myelitis, together with a
systematic review of the literature, with the aim to define the core
characteristics and the outcome of this rare condition.

Methods

Present Series

We performed a retrospective research (July 2011-June 2020)
in the database of the French Pharmacovigilance Agency and in
the database of the OncoNeuroTox network (French network
for neurologic complications from oncologic treatments) for
cases of myelitis occurring during ICI treatment. Inclusion cri-
teria comprised (1) symptoms of acute transverse myelitis
(i, bilateral sensory, motor, or autonomic signs or symptoms
attributable to spinal cord involvement, peaking between 4 hours
and 21 days), (2) symptom onset within 3 months from the last
dose of ICIs, (3) spinal cord lesions on MRI compatible with
myelitis, and (4) exclusion of other causes of myelopathy (e.g,
vascular, neoplastic, infectious, and compressive) after an ex-
tensive workup. Clinical and paraclinical data of the patients
included in the study were gathered from referring centers and
independently reviewed by 2 investigators (A.P. and D.P.). MRI
scans were centrally reviewed by an expert neuroradiologist
(S.A.). The French national commission for data protection and
liberties approved the use of confidential, electronically pro-
cessed, patient data (reference number 1922081).

Literature Review

We conducted a systematic MEDLINE research according to
PRISMA guidelines for all articles published in English up to
June 2020, reporting cases of myelitis during ICI treatment
(appendix e-1, links.Ilww.com/NXI/A415). We identified 10
articles, reporting as many individual cases meeting the same
inclusion criteria established for our series. Three additional
cases were identified screening the proceedings of the AAN,
EAN, and ECTRIMS congresses (2015-2020).

Data Availability
Additional data can be made available on request to the
authors.
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Results

Present Series

The main clinical and paraclinical features in our 7 patients are
reported in table 1. The cases of 2 patients (patients #1, 4) are
being submitted elsewhere as separate publications. Patients
were receiving anti-PD1 (pembrolizumab [n = 3], nivolumab [n
=3]) or combination treatments (nivolumab plus ipilimumab [n
= 1]) because of refractory (2/7,29%) or metastatic (5/7, 71%)
tumors consisting of non-small-cell lung cancer (NSCLC) in §
cases. Three patients (3/7, 43%) had received thoracic irradia-
tion involving the spinal cord.

Symptoms of myelitis appeared after a median of 7 cycles of
ICIs (range 3-51) and included moderate to severe paraparesis
(7/7, 100%), sphincter dysfunction (6/7, 86%), tactile and/or
thermic sensory deficits (5/7, 71%), and proprioceptive ataxia
(3/7,43%). At the peak of symptom severity, all patients were
nonambulatory (median modified Rankin Scale score: 4).

Spine MRI showed longitudinally extensive lesions (ie, >3
metameres) in 6 patients (6/7, 86%), often associated with
spinal swelling (figure 1). Contrast enhancement was present in
6 cases (6/7,86%) and was typically focal and patchy. In patients
with a history of spinal irradiation, MRI alterations were pri-
marily centered on irradiated metameres, although they clearly
exceeded the radiation field.

CSF analysis commonly showed inflammatory changes, including
increased proteins (5/6; median protein levels 1.83 g/L, range
0.32-520 g/ L), lymphocytic pleocytosis (4/6; median cell count
97 cells/mms, range 3-900 ce]ls/mm3), and CSF-specific oligo-
clonal bands (3/6).

Information on CNS autoantibody testing is provided in table
e-1, linksIww.com/NXI/A418. One patient tested positive
for antiglial fibrillary acidic protein antibodies in the CSF
(patient #4), and 2 showed atypical neuronal reactivities on
in-house indirect immunofluorescence on rodent brain sec-
tions (patient #1, 7) (figure e-1, links.lww.com/NXI/A416).
Anti-aquaporin-4 and antimyelin oligodendrocyte glycopro-
tein antibodies were negative in all patients tested.

Besides signs and symptoms of acute transverse myelitis, S
patients (5/7, 71%) had clinical, neurophysiologic, and/or ra-
diologic evidence of concomitant brain (patients 4, 6, and 7)
(figure 1), meningeal (patients 4 and 7), radicular (patients 1, 3,
6, and 7), and/or peripheral nerve (patient 6) involvement.

All patients discontinued ICI treatment at myelitis diagnosis
and received high-dose glucocorticoids, associated with

May 2021 Neurology.org/NN
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Table 1 Clinical and Paraclinical Features, Treatment, and Outcome in the 7 Cases of Myelitis Associated With ICl From

Our Series
Patient 1 Patient 2 Patient 3
Age at myelitis onset/sex 57/M 62/F 16/F
Malignancy NSCLC NSCLC Mesenteric IMT
Previous RT involving the Thoracic (66 Gy/33 fr), T4 vertebral body, No

spinal cord

13 mo before onset

13 mo before onset

ICI received (cycles)

Nivolumab (12)

Nivolumab (7)

Pembrolizumab (19)

Neurologic syndrome

Myeloradiculitis

Myelitis

Myeloradiculitis

Clinical presentation

Severe paraparesis,
neuropathic pain, and
sphincter dysfunction

Severe paraparesis,
sensory impairment
with T11 level, and
fecal and urinary
incontinence

Moderate paraparesis,
gait ataxia, sensory
impairment with T6
level, radicular pain,
and bladder dysfunction

mRS at symptom nadir 4 5 4

CSF cells (n/pL) 88 NA 3

CSF proteins(g/L) 3.76 NA 0.32

CSF-restricted OCB Yes NA NA

CNS autoantibodies Atypical antibody NA NA
reactivity on rodent
sections

Spine MRI findings Multiple T2 Whole-spine T2 Multiple T2

hyperintensities
at C7-T4 and T11-T12

with associated CE at C7-T2

and T11-T12; CE of filum

terminale and caudal roots

hyperintensity with
focal CE T4-T6

hyperintensities
C4-C5, C7-T3, and T9-T12
with anterior patchy CE

Brain MRI findings

Unremarkable

Stable known brain
metastases and
radiation-induced
leukoencephalopathy

Unremarkable

First-line treatment Oral prednisone IV MP IV MP followed by
(1 mg/kg/die) tapered oral tapering
over 4 mo (from 1 mg/kg/die)
Myelitis relapse Yes (3 weeks after the No No
end of steroid tapering)
Second-line treatments IV MP + PLEX (7 sessions) No No

+monthly IV CP (x2)

Outcome at last follow-up

Persistent severe
paraparesis

Death due to sepsis

Complete recovery

mRS score at last follow-up

4

0

Follow-up from
myelitis onset (mo)

18

15

Abbreviations: CE = contrast enhancement, CP = cyclophosphamide, fr = fractions, Gy = gray, ICI = immune checkpoint inhibitor, IMT = inflammatory
myofibroblastic tumor, IVIG = IV immunoglobulin, MP = methylprednisolone, mRS = modified Rankin Scale, NA = not available, NSCLC = non-small-cell lung

cancer, OCB = oligoclonal bands, PLEX = plasmapheresis, RT = radiotherapy.

plasmapheresis in 1 (patient 4). One patient experienced a sig-
nificant and sustained clinical benefit (patient 3), whereas S
patients had to shift to second-line treatments because of poor
recovery (patients 4, S, and 7) or an early relapse at steroid
tapering (patients 1 and 6; table 1). Second-line agents were
started after a median of 20 days from symptom onset and
included plasmapheresis (n = 3), cyclophosphamide (n = 2), IV
immunoglobulin (IVIg, n = 1), natalizumab (n = 1), and an

Neurology.org/NN

association of tocilizumab and ruxolitinib (n = 1). At last follow-
up, a median of 6 months after diagnosis, only 3 patients had
regained an ambulatory status (3/7, 43%). None of the patients
was rechallenged with IClIs.

Literature Review

Our systematic literature review identified 13 previously
published cases.®****> Clinical and paraclinical features were
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Table 1 (continued)

Patient 4 Patient 5 Patient 6 Patient 7
59/M 61/F 57/M 58/M
NSCLC NSCLC NSCLC Melanoma
No No Mediastinal No

(66 Gy/33 fr), 13 mo

before onset
Pembrolizumab (5) Pembrolizumab (5) Nivolumab (51) Ipilimumab +

nivolumab (4)

Meningoencephalomyelitis

Myelitis

Encephalomyelitis
and demyelinating
polyradiculoneuritis

Meningoencephalo-
myeloradiculitis

Severe tetraparesis, bladder
dysfunction, neck stiffness,
neuropathic pain, dysphagia,
and altered consciousness

Moderate to severe
paraparesis, left upper
limb weakness,
proprioceptive ataxia,
and lower limb numbness

Severe paraparesis,
proprioceptive ataxia,
sensory impairment
with T12 level, radicular
pain, and bladder

Paraplegia, sensory
impairment with T10

level, lower limb areflexia,

and fecal and urinary retention

hyperactivity
5 4 4 4
900 105 5 115
5.2 0.75 1.09 2.57
NA Yes Yes No
Anti-GFAP antibodies No No Atypical antibody reactivity
on rodent sections
T2 hyperintensity from Focal T2 hyperintensity Multiple T2 Multiple T2

C1 to T10; CE of spinal
leptomeninges

C3-C4 without CE

hyperintensities at
C3-C6, T2-T3, T8-T11 with
faint CE at T8-T11; CE of
caudal roots

hyperintensities at

C2, C3, C7-T2, T4-T7,
T8-conus with associated
patchy CE; CE of spinal
leptomeninges and
caudal roots

Faint periventricular

CE with radial, linear pattern;
leptomeningeal CE; bulbar T2
hyperintensity

Stable known brain
metastasis

Multiple periventricular,
thalamocapsular and right
fronto-insular cortex T2
hyperintensities without CE

Multiple bilateral
brain hemispheric and
cerebellar punctiform,
faint CE

IV MP + PLEX (15 sessions),
oral prednisone (2 mg/kg/die)
tapered over 2 mo

IV MP followed by oral
prednisone tapering

IV MP followed by
prednisone (1 mg/kg/die)
tapered over 6 wk

IV MP, oral prednisone
tapering (from
1 mg/kg/die, ongoing)

No

No

Yes (2 weeks after
the end of the steroid
tapering)

No

Natalizumab (x1)

Monthly IV CP (x6)

Monthly IVIG (x3) and
PLEX (5 sessions)

PLEX (1 session),
tocilizumab (x2) +
ruxolitinib (23 days)

Persistent bladder
disorder with need of
intermittent urinary
catheterization

Persistent disabling

left arm and leg weakness
and severe proprioceptive
ataxia

Persistent leg weakness
and hypesthesia and
persistent disabling pain

Persistent leg weakness
and hypesthesia, urinary
retention, and fecal
incontinence

2

4

3

6

6

5

similar to patients in our series (table 2), with contrast-

enhancing longitudinally extensive lesions on MRI and in-
flammatory findings on CSF analysis. Four patients had
positive CNS autoantibodies, including 2 with anti-

aquaporin-4 antibodies.

*¢11 All patients discontinued

ICIs and received high-dose glucocorticoids, alone (8/13,
62%) or in association with other immune therapies (5/13,
38%). Three patients (3/13, 23%) shifted to second-line
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Figure 1 MRI Findings in ICl-Associated Myelitis
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(A) Spinal MRI at diagnosis in patient 3, showing multiple hyperintensities at C4-C5, T9-T11, and T12 on sagittal T2/STIR sequences, with focal areas of contrast
enhancement on T1 sequences after gadolinium injection (circles). (B) Spinal and brain MRI at diagnosis in patient 4, who had positive antibodies to glial
fibrillary acidic protein. Spinal MRI showed a faint hyperintensity at T10-T12 on T2/STIR sequences and a marked contrast enhancement of the anterior
portion of the dural sac and of filum terminale on T1 sequences after gadolinium injection. Brain MRI in the same patient showed linear rims of contrast
enhancement expanding radially from lateral ventricles. (C) Brain MRI at diagnosis in patient 7 showing small punctuate areas of contrast enhancement in
bilateral subcortical and deep white matter, without corresponding signal alterations on FLAIR sequences (not shown). (D) Control spinal MRI of the thoracic
tract (sagittal T2/STIR sequences) in patient 1, 15 days after starting treatment with high-dose glucocorticoids and plasmapheresis, showing an almost
complete resolution of the longitudinally extensive hyperintensity of the spinal cord compared with initial imaging. (E) Control spinal MRI of the lumbar tract
(sagittal T2/STIR and T1 sequences after gadolinium injection) in patient 7, 15 days after starting treatment with high-dose glucocorticoids, plasmapheresis,
tocilizumab, and ruxolitinib, showing a marked reduction of the hyperintensity and swelling of the conus and of the associated leptomeningeal and caudal
root enhancement compared with initial imaging. ICI = immune checkpoint inhibitor.
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Table 2 Main Clinical and Paraclinical Features in Patients With Acute Transverse Myelitis During ICl Treatment From Our

Present Series and Literature Review

Present series

Literature review

N 7 13
Age at myelitis onset, median (range) 58 (16-62) 63 (35-75)
Sex ratio (male/female) 1.33 (4/3) 1.60 (8/5)

Malignancy, n (%)

NSCLC, 5/7 (71%)
Melanoma, 1/7 (14%)
Mesenteric IMT, 1/7 (14%)

Melanoma, 6/13 (46%)
NSCLC, 4/13 (31%)
Others, 3/13 (23%)?

Previous RT involving the spinal cord, n (%)

3/7 (43%)

3/13 (23%)

ICl treatment, n (%)

Anti-PD1, 6/7 (86%)
Nivolumab, n=3
Pembrolizumab, n=3
Anti-PD1 + anti-CTLA4, 1/7 (14%)

Anti-PD1, 5/13 (38%)
Pembrolizumab, n = 3°
Nivolumab, n=2

Anti-PDL1, 2/13 (15%)
Atezolizumab, n =1
Durvalumab, n=1

Anti-CTLA4, 2/13 (15%)
Ipilimumab, n = 3¢

Anti-PD1 + anti-CTLA4, 2/13 (15%)

Number of ICI cycles received, median
(range)

7 (3-51)

3(1-16)

Symptoms, n (%)

Paraparesis, 7/7 (100%)
Sphincter dysfunction, 6/7 (86%)

Tactile/thermic sensory deficits, 5/7 (71%)

Proprioceptive ataxia, 3/7 (43%)

Paraparesis, 12/13 (92%)
Sensory disturbances, 12/13 (92%)
Sphincter dysfunction, 12/13 (92%)

Spine MRI findings, n (%)

T2 hypersignal extending for >3 metameres, 6/7

(86%)
Parenchymal enhancement, 6/7 (86%)

T2 hypersignal extending for 23 metameres, 12/13

(92%)
Parenchymal enhancement, 8/8 (100%)

CSF findings, n (%)

Increased proteins, 5/6 (83%)
Increased cell count, 4/6 (67%)

Increased proteins, 9/10 (90%)
Increased cell count, 9/10 (90%)

Involvement of other nervous structures,n  5/7 (71%) 2/13 (15%)
(%)
Autoantibodies, n Anti-GFAP, n =1 Anti-AQP4, n = 283¢°

To unknown CNS antigens, n =2

Anti-CV2, n = 1¢""

To unknown antigen with an AQP4-like pattern, n =

1e5

First-line treatment,
n (%)

High-dose glucocorticoids, 7/7 (100%)
Plus plasmapheresis, n =1

High dose glucocorticoids, 13/13 (100%)
Plus plasmapheresis, n =3
Plus other treatment, n = 49

Second-line treatments,
n (%)

Yes, 5/7 (71%)

Plasmapheresis, n =3
Cyclophosphamide, n =2
IVIG,n=1

Natalizumab, n =1

Tocilizumab plus ruxolitinib, n =1

Yes, 3/13 (23%)
Infliximab, n =2
Plasmapheresis, n = 2
Cyclophosphamide, n =1

Myelitis relapse, n (%)

2/7 (29%)

2/13 (15%)

Outcome

Clinical improvement, 2/7 (29%)
No improvement, 4/7 (57%)
Death due to sepsis, 1/7 (14%)

Clinical improvement, 10/13 (77%)
No improvement, 3/13 (23%)

Abbreviations: GFAP = glial fibrillary acidic protein; ICl = immune checkpoint inhibitor, IVIG = IV immunoglobulin, NSCLC = non-small-cell lung cancer, RT =

radiation therapy.

@ Others included Hodgkin lymphoma, renal cell carcinoma, and small-cell lung cancer.
® One patient under pembrolizumab previously received ipilimumab plus nivolumab.
€ One patient under ipilimumab previously received nivolumab.

4 Other treatments included IVIG, cyclophosphamide, rituximab, and bevacizumab (one case each).

treatments, including infliximab (n = 2), plasmapheresis (n =
2), and cyclophosphamide (n = 1). Clinical improvement was
reported for 10 patients (10/13, 77%), 7 being ambulatory at

Neurology: Neuroimmunology & Neuroinflammation | Volume 8, Number 3

last follow-up (7/9, 78%). Relapses were observed in 2 cases
(2/13, 15%).57°'> A single patient was rechallenged with
ICIs, with no additional toxicity.®
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Discussion

Here, we reported 7 patients developing acute transverse
myelitis following ICI treatment, which were identified
through an extensive research in 2 independent national da-
tabases. Despite the limitations inherent to the retrospective
nature of our methodology and the potential biases related to
spontaneous notification,” we could estimate that during the
evaluated time frame, over 38,000 patients were treated with
ICIs in France outside of clinical trials, making of ICI-related
myelitis an extremely rare irAE.

Most patients in our series were affected by NSCLC, and
almost half had received thoracic radiotherapy. Besides rep-
resenting one of the most common indications to ICI treat-
ment, NSCLC often requires the administration of local
radiotherapy, which invariably delivers a dose to the spinal
cord. By potentiating the immune responses elicited by ICIs,’
radiotherapy might indeed represent a predisposing factor to
the development of myelitis.

Differently from other neurologic irAEs, myelitis was not in-
variably an early event. Clinical presentation was typical of
acute transverse myelitis and was accompanied by in-
flammatory CSF findings and longitudinally extensive lesions
on MRI. Of interest, in most cases, inflammatory changes
extended to the brain parenchyma, the leptomeninges and
caudal nerve roots, suggesting that it often exists a broader
involvement of the nervous system that might have been
underestimated in previous reports. A single patient in our
series tested positive for known antibodies to neural antigens,
although we recognize that screening for CNS antibodies was
not always exhaustive (table e-1, links.Iww.com/NXI/A418).

All patients in our series and in the literature received high-
dose glucocorticoids as first-line treatment, as recommended
by current guidelines, although most of them ultimately
needed additional immune therapies because of the lack of
functional improvement. This observation suggests that pa-
tients with longitudinally extensive myelitis might benefit
from stronger upfront immune therapy schemes, as advocated
for other threatening irAEs such as the myositis-myocarditis
complex.” Despite some data raised concern,® glucocorticoid
treatment does not seem to impair tumor control or patient
survival’ and should be continued for at least 2 months® to
substantiate recovery and prevent early relapses.'® Targeted
biological agents, such as natalizumab or tocilizamab, which
have recently been experimented in this and other settings,”
should help to improve therapeutic results, without a risk of
interfering with the antitumor activity of IClIs.
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