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ABSTRACT

Objective To assess the efficacy of tumour necrosis
factor-ot (TNF-ou) inhibitors used as steroid-sparing
monotherapy in central nervous system (CNS)
parenchymal sarcoidosis.

Methods The French Multiple Sclerosis and
Neuroinflammation Centers retrospectively identified
patients with definite or probable CNS sarcoidosis
treated with TNF-oc inhibitors as steroid-sparing
monotherapy. Only patients with CNS parenchymal
involvement demonstrated by MRI and imaging
follow-up were included. The primary outcome was
the minimum dose of steroids reached that was not
associated with clinical or imaging worsening during a
minimum of 3 months after dosing change.

Results Of the identified 38 patients with CNS
sarcoidosis treated with TNF-o inhibitors, 23 fulfilled
all criteria (13 females). Treatments were infliximab
(n=22) or adalimumab (n=1) for a median (IQR) of 24
(17-40) months. At treatment initiation, the mean (SD)
age was 41.5 (10.5) years and median (IQR) disease
duration 22 (14-49.5) months. Overall, 60% of patients
received other immunosuppressive agents before a
TNF-o inhibitor. The mean (SD) minimum dose of steroids
was 31.5 (33) mg before TNF-ot inhibitor initiation and
6.5 (5.5) mg after (p=0.001). In all, 65% of patients
achieved steroids dosing <6 mg/day; 61% showed
clinical improvement, 30% stability and 9% disease
worsening. Imaging revealed improvement in 74% of
patients and stability in 26%.

Conclusion TNF-o inhibitors can greatly reduce
steroids dosing in patients with CNS parenchymal
sarcoidosis, even refractory.

Classification of evidence This study provides
Class IV evidence that TNF-o: inhibitor used as steroid-
sparing monotherapy is effective for patients with CNS
parenchymal sarcoidosis.

INTRODUCTION

Sarcoidosis is a multisystem granulomatous disorder
that most often affects the lungs, eyes and skin.'
Its incidence is highly variable across countries and
ethnicities, ranging from 1 to 40 cases per 100000
people.!? Neurological involvement occurs in about

5% of patients® * and may be inaugural in 70%.°
Cranial nerve involvement and particularly facial
palsy are the most common manifestations and
occur in 70% of cases.’ Aseptic meningitis is the
second most common manifestation. The central
nervous system (CNS) parenchymal form is less
common but is associated with worse prognosis.’

Treatment strategies for neurosarcoidosis are
mainly based on expert opinion and small retro-
spective studies because the disorder is extremely
rare.® For CNS sarcoidosis, the first-line therapy
is steroids. However, the therapy response is
frequently incomplete and associated with frequent
side effects, which motivates the use of steroid-
sparing agents. Several agents, such as metho-
trexate, mycophenolate mofetil, cyclophosphamide
and azathioprine, have been used in CNS sarcoid-
osis and could be partially efficient. More recently,
monoclonal antibodies against tumour necrosis
factor-o. (TNF-0) have been proposed: several
studies have highlighted the involvement of TNF-o
in the pathogenesis of sarcoidosis.” " Also, several
case series have suggested the potential high efficacy
of monoclonal antibodies against TNF-o in neuro-
sarcoidosis.'"™!” Because most patients included in
these studies received a TNF-a inhibitor combined
with other immunosuppressive agents, the potential
efficacy of TNF-o. inhibitors used as monotherapy
for steroid sparing is largely unknown. Moreover,
these studies included both patients with CNS
parenchymal sarcoidosis and with isolated cranial
nerves or aseptic meningitis known to have better
prognosis than the parenchymal form. Thus, data
are lacking on the potential efficacy of TNF-a
inhibitors used as monotherapy for parenchymal
CNS sarcoidosis.

In the present nationwide case series study
including most of the French tertiary care Multiple
Sclerosis and Neuroinflammation centres, we
aimed to describe the evolution of parenchymal
CNS sarcoidosis treated with TNF-o inhibitors as
steroid-sparing monotherapy. To improve the reli-
ability of the outcome measures, we included only
patients with CNS MRI performed before and after
TNEF-o inhibitor initiation.
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METHODS

Protocol and participants

The project aimed to assess the clinical and MRI evolution of
patients with a parenchymal form of CNS sarcoidosis treated with
a TNF-o inhibitor used as monotherapy in the French Multiple
Sclerosis and Neuroinflammation centres. The project was
presented, discussed and initiated at the annual meeting of the
French Multiple Sclerosis Society in September 2019, at which
all French Multiple Sclerosis and Neuroinflammation centres
were represented. Inclusion criteria were (1) diagnosis of prob-
able or confirmed CNS sarcoidosis according to the consensus
diagnostic criteria for neurosarcoidosis*’; (2) parenchymal CNS
lesion attributed to sarcoidosis demonstrated by MRI; (3) treat-
ment with a TNF-o inhibitor and (4) at least 6 months’ follow-up
after TNF-o inhibitor initiation. Exclusion criteria were (1) no
CNS MRI in the 12 months preceding the TNF-o inhibitor initi-
ation; (2) no available MRI data after TNF-o inhibitor initiation
and (3) the association of a TNF-a inhibitor and other steroid-
sparing maintenance immunotherapy.

Outcomes

The primary outcome was the minimum dose of steroids (MDS)
(converted to equivalent doses of prednisolone) reached that
was not associated with any clinical or MRI-evidenced wors-
ening of CNS sarcoidosis during a minimum of 3 months
after dosing change. These minimum doses of steroids were
compared between before TNF-o inhibitor initiation (if appli-
cable) and after. The secondary outcome was the proportion of
patients with clinical and/or MRI-evidenced CNS sarcoidosis
activity after TNF-o inhibitor initiation. Activity was defined
as clinical worsening or progression of MRI-evidenced lesions
compared with previous imaging. All MRI data available before
and after TNF-o inhibitor initiation were collected. Worsening,
stabilisation or improvement of CNS lesion(s) were assessed on
each MRI image and compared with the previous image. For
the sake of readability, each MRI was numbered with reference
to the MRI performed just before TNF-o inhibitor initiation,
arbitrarily named MRI. MRI,, was the first MRI performed
after the TNF-o inhibitor initiation, MRI,, the second, etc.
MRI_, was the MRI performed before MRI, MRI_, the MRI
performed before MRI_,, etc. According to inclusion criteria,
MRI; and MRI_, were available for all patients.

All adverse events (AEs) =grade 2 according to the Common
Terminology Criteria for Adverse Events (CTCAE) V.5.0 after
TNEF-o inhibitor initiation mentioned in the medical record were
registered.

MRI changes were evaluated by the neurologist of each
neuroinflammatory centre in charge of the patient. MRIimprove-
ment or worsening was defined as a reduction or increase in
the extent of T2 abnormalities and/or gadolinium enhancement
compared with the last MRI.

Data availability

The corresponding author has full access to all the data in the
study. He takes full responsibility for the integrity of the data, the
accuracy of the data analysis and interpretation, and the conduct
of the research. The authors have the right to publish any and
all data, separate and apart from the guidance of any sponsor.

Statistical analyses

Statistical analyses were performed with JMP V.9.0.0 (SAS Insti-
tute). Potential changes of the MDS between pre-TNF-o and
post-TNF-o inhibitor periods were assessed with a Wilcoxon

Patients with neurosarcoidosis
treated with TNF-a inhibitor used
as steroid-sparing monotherapy
identified by the French Multiple
Sclerosis and Neuroinflammation
Centers (n=38)

| Excluded (n=9)
- no histological confirmation

A 4

Patients with definite or
probable neurosarcoidosis
treated with TNF-a inhibitor
used as steroid-sparing
monotherapy (n=29)

| Excluded (n=3)
"] -nocNs parenchymal involvement

Patients with definite or
probable CNS parenchymal
sarcoidosis treated with TNF-
a inhibitors used as steroid-
sparing monotherapy (n=26)

Excluded (n=3)
- insufficient data/follow-up

A
Patients included (n=23)

Figure 1 Flow chart of the study. CNS, central nervous system; TNF-c,
tumour necrosis factor-o

signed-rank test with continuity correction. Potential changes in
the proportion of patients with CNS sarcoidosis activity after
TNF-a inhibitor initiation were assessed with the Cochran q test.

RESULTS

Study population

In total, 56 patients with parenchymal CNS sarcoidosis
were identified in most of the French Multiple Sclerosis and
Neuroinflammation centres: 38 received a TNF-a inhibitor.
In these centres, the mean ratio of patients with CNS paren-
chymal sarcoidosis to those with multiple sclerosis ranged
from 1/100 to 1/150.

After excluding patients not fulfilling all inclusion and
exclusion criteria, 23 patients were included in the analysis
(figure 1). Demographic, clinical and MRI characteristics
of patients are in table 1. The median (IQR) time between
diagnosis and TNF-o inhibitor initiation was 22 months
(14-49.5). The median (IQR) follow-up after TNF-o inhib-
itor initiation was 24 months (17-40). A total of 22 patients
received infliximab (5-10 mg/kg every 4-10 weeks, most
commonly 5 mg/kg every 8 weeks) and 1 adalimumab (40 mg
every 2 weeks).

Before TNF-o inhibitor treatment, 9 of 23 patients fulfilled
criteria of refractory parenchymal CNS sarcoidosis, defined as
persistence of clinical and/or MRI activity after at least 6 months
of immunosuppressive maintenance therapy or the need to use
at least 20 mg/day of steroids associated with immunosuppres-
sive maintenance therapy to be stable. Before TNF-o. inhibitor
treatment, 15 of the 23 patients presented steroid dependency,
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Table 1 Characteristics of the included patients (n=23)
Neurosarcoidosis diagnosis, n (%)
Probable 21(91.3)
Definite 2(8.7)
Age at TNF-o inhibitor initiation, years, mean (SD) 41.5(10.4)
Sex ratio (M/F) 10/13
Time between diagnosis and TNF-o. inhibitor initiation, months, 22 (14-49.5)
median (IQR)
Time of TNF-o inhibitor exposure, months, median (IQR) 24 (17-40)
Location of parenchymal CNS lesion(s), no of patients (%)
Isolated cerebral involvement 8(34.8)
Isolated spinal cord involvement 5(21.7)
Isolated pituitary/hypothalamic involvement 3(13)
Mixed 7 (30.4)
Type of TNF-a: inhibitor used, no of patients (%)
Infliximab 22 (95.7)
Adalinumab 1(4.3)
Treatments used just before TNF-ot inhibitor, no of patients (%)
Corticosteroids 23 (100)
Methotrexate 8(34.8)
Cyclophosphamide 4(17.4)
Azathioprine 2(8.7)

CNS, central nervous system; TNF-c, tumour necrosis factor-o.

defined as a return to clinical and/or MRI activity during dosing
reduction of steroids.

For the 14 patients who previously received immunosuppres-
sive therapy, the median (IQR) duration of the switch between
previous immunosuppressive therapy and TNF-o inhibitor treat-
ment was 0.5 months (0-2).

Overall, 22 of the 23 patients received infliximab and 1
patient adalimumab. The neurological history of this patient
started at 36 years of age and was characterised by inflam-
matory lesions located in the spinal cord, the hypophyso-
hypothalamic region and the fornix. CT scan demonstrated
signs of sarcoidosis in the lung and adenopathies in the neck.
The diagnosis of sarcoidosis was confirmed by a biopsy of
one adenopathy. The patient received steroids and cyclo-
phosphamide between February 2017 and April 2018.
Steroids were progressively tapered, but dosing <25 mg/day
was never reached. Adalimumab 40 mg every 2 weeks was
initiated in May 2018. MRI findings remained stable—T2
abnormalities without any gadolinium enhancement—and
clinical improvement occurred despite progressive steroids
tapering. At the last MRI in June 2019, the steroids dosing
was 7.5 mg/day (figure 1, table 1).

Outcomes measures

MDS before and after TNF-o inhibitor initiation

The mean (SD) MDS reached (converted to equivalent doses
of prednisolone) that was not associated with any clinical or
MRI-evidenced worsening of CNS parenchymal sarcoidosis
during a minimum of 3 months after dosing change was 31.5
(33) mg before TNF-o inhibitor initiation and 6.5 (5.5) mg
after (p=0.001). After excluding patients without steroid
tapering tentative before TNF-o inhibitor initiation (n=7),
the mean MDS was 14 (11.5) mg before and 5 (5) mg after
(p=0.0004). In the subgroup of patients treated with other
steroid-sparing immunosuppressive agents before TNF-o
inhibitor initiation (n=14), the mean MDS was 18.5 (16.5)
mg before TNF-o inhibitor initiation and 5.5 (4.5) mg after

(p=0.002). In the subgroup of patients with refractory CNS
parenchymal sarcoidosis (n=9), the magnitude of TNF-a
inhibitor efficacy was similar to that for other patients.
The mean MDS in these patients was 23.7 (18.9) mg/day
before TNF-o inhibitor treatment and 5.8 (5.9) mg/day
after (p<0.005). After TNF-o inhibitor initiation, steroid
doses were tapered, increased or unchanged in 21 (91%), 1
(4%) and 1 (4%) of 23 patients, respectively. Steroids were
successfully decreased to <9 mg/day for 18 of 23 (78%)
patients, <6 mg/day for 15 of 23 (65%) and successfully
stopped in 6 of 23 (26%) patients. These dosing steroid-
equivalent cutoffs were chosen because <9 mg represents
the cut-off at which side effects of steroids tend to disappear
and <6 mg the cut-off at which the anti-inflammatory effect
of steroids is not significant.

Evolution of CNS parenchymal sarcoidosis after TNF-o.
inhibitor initiation

Evolution between TNF-o inhibitor initiation and last follow-up

Just before TNF-o, inhibitor initiation, at MRI (median 2
months before, IQR 2.5-1), the proportion of patients with clin-
ical or MRI activity was 39% and the mean (SD) dose of steroids
was 16.9 (22.5) mg. At the last follow-up (median 24 months,
IQR 17-40), the proportion of patients with clinical or MRI
activity was 4% (p=0.005) and the mean dose of steroids was
6.4 (5.7) mg. At the last follow-up, compared with treatment
initiation, 61% of patients showed clinical improvement, 30%
clinical stability and 9% worsening; 74% of patients showed a
favourable outcome on MRI and 26% stability.

Neutralising antibodies to infliximab were not measured in
any patient because no patient was suspected to have worsened
condition over time due to loss of efficacy of the TNF-o inhib-
itor. Only two patients showed worsened condition during
TNF-o inhibitor treatment. The first patient was a middle-aged
man presenting with a confuse state revealing an extensive
frontal leptomeningitis and parenchymal involvement. Several
months after the diagnosis of neurosarcoidosis and the onset
of TNF-a inhibitor therapy, he presented epileptic seizures in a
context of poor adherence to epileptic drugs whereas his brain
MRI showed complete remission. The second patient was a
middle-aged woman, presenting with tetraparesis, revealing
an acute myelitis with meningeal enhancement. The diag-
nosis of neurosarcoidosis was done 2years later, and TNF-o
inhibitor therapy was started then. She presented no clinical
improvement but a progressive walking impairment without
any changes on spinal cord MRI. Muscular MRI showed prox-
imal fatty involution of the lower limbs without oedema or
gadolinium enhancement leading to a diagnosis of steroid
myopathy.

Nine patients stopped TNF-o inhibitors: five due to a long
period of stability and three for infection; one was lost to
follow-up during 6 months. Follow-up data were available for
seven of the nine patients: five demonstrated clinical and/or MRI
worsening first diagnosed after a mean (SD) of 7.6 months (4)
after stopping TNF-o inhibitors (figures 2—4).

Dynamics of evolution after TNF-c: inhibitor initiation

MRI, and MRI, | data were available for all patients according
to inclusion criteria. At MRI | (median 5 months after TNF-o.
inhibitor initiation, IQR 3-9), the proportion of patients with
clinical or MRI activity was 4% (p=0.005, compared with
MRI). MRI, data were available for 17 patients: the propor-
tion with clinical or MRI activity at MRI , (median 10.5
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TNF-a inhibitor initiation
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Figure 2 Dynamics of disease evolution before and after TNF-at inhibitor. TNF-ct, tumour necrosis factor-ct.

months after TNF-o inhibitor initiation, IQR 8.75-18.75) was clinical or MRI activity at MRI,, (median 24 months after
6% vs 35% at MRI| (p=0.042). MRI_, data were available TNF-o inhibitor initiation, IQR 22-28) was 0% vs 40% at
for 12 patients: the proportion with clinical or MRI activity MRI; (p=0.22). MRI,, data were available for five patients:
at MRI,, (median 17 months after TNF-o. inhibitor initiation, the proportion with clinical or MRI activity at MRI, ; (median
IQR 15.25-21.25) was 0% vs 33% at MRI (p=0.046). MRI, 34 months after TNF-a inhibitor initiation, IQR 28-39) was
data were available for five patients: the proportion with 0% vs 40% at MRI (p=0.22) (figure 2).

TNF-a inhibitor initiation
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Figure 3  Characteristics of MRI evolution before and after TNF-ot inhibitor. TNF-ct, tumour necrosis factor-or.
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Figure 4 Complete stability and steroids withdrawn after TNF-ot inhibitor initiation in a patient with an isolated cerebral sarcoidosis with previous disease

worsening after steroids were tapered. TNF-ct, tumour necrosis factor-o.

Safety of TNF-a inhibitors

In total, 10 AEs =grade 2 of the CTCAE occurred in 10 patients.
No patient died. Three AEs grade 3 and one AE grade 4 were
reported. All AEs were related to infection: one diverticulitis
(grade 2), two urinary infections (grade 2), two lower respira-
tory tract infections (one grade 3 and one grade 4), one derma-
tophytosis (grade 2), one isolated fever (grade 2), one hepatitis E
(grade 3), one post-traumatic infection of a finger (grade 2) and
one dermohypodermitis (grade 3).

DISCUSSION
The parenchymal form of CNS sarcoidosis is an extremely rare
disorder with a potentially devastating prognosis. In the present
French nationwide study, we report the evolution of CNS paren-
chymal sarcoidosis—mostly refractory—treated with a TNF-o
inhibitor. We found fast and striking clinical and radiological
improvement in most patients after treatment initiation. Impor-
tantly, improvement was evidenced when steroids had been
tapered rapidly after treatment onset, reaching a dose <9 mg in
most patients at the end of follow-up at a median of 24 months.

First-line treatment in neurosarcoidosis consists of glucocor-
ticoids, usually oral prednisone.”’ However, a large number of
neurosarcoidosis cases are refractory to steroids or show relapse
when dosing is tapered.?** In this case, second-line or steroid-
sparing immunosuppressive agents are indicated.® Apart from
TNF-o inhibitors, several second-line or steroid-sparing immu-
nosuppressive agents used include methotrexate, azathioprine,
cyclophosphamide and mycophenolate mofetil. Previous studies
have reported that most patients with refractory neurosarcoid-
osis show improvement with these therapies, but a significant
proportion show worsened disease or need greater steroid
doses, 1622232527

Likewise, we found that neurosarcoidosis was refractory
to steroids and second-line therapies combined in many of
our 23 patients before TNF-a inhibitor initiation. About
40% of our patients showed active disease despite a steroid
dose >135 mg/day and second-line therapy in 60%, including

methotrexate, cyclophosphamide and azathioprine. This
relatively large proportion of patients with refractory
neurosarcoidosis is probably related to the characteristics
of the patients recruited. All patients included had CNS
parenchymal sarcoidosis; thus, patients with potential more
benign forms of neurosarcoidosis such as isolated cranial
nerve or isolated meningeal involvement were excluded.
Only patients with the more severe form of neurosarcoidosis
were included in the present study, but we observed substan-
tial clinical and MRI-evidenced improvement after TNF-o
inhibitor initiation. Crucially, improvement occurred while
steroids were being tapered in 21 of 23 patients, and the
mean dose of steroids decreased to 6.5 mg/day. This favour-
able evolution despite marked reduction of steroids dosing
strongly argues for the high efficacy of this treatment in
CNS parenchymal sarcoidosis.

Of note, we included only patients receiving TNF-o inhibi-
tors used as steroid-sparing monotherapy in the present study.
This situation provides another argument for the potential
high efficacy of TNF-o inhibitors in CNS parenchymal sarcoid-
osis. Indeed, the potential efficacy of TNF-o antagonists in
CNS sarcoidosis has been suggested by several retrospective
case series studies, but no study has assessed the potential
efficacy when they are used as steroid-sparing monotherapy.
In the largest study published,'* including 66 patients with
CNS sarcoidosis treated with TNF-o inhibitors, 14 received a
TNF-o inhibitor as monotherapy. The combination of steroid-
sparing agents was associated with better clinical outcomes
than with TNF-o antagonists alone. However, this result was
not confirmed when outcome measures included MRI. In the
present study, only 2 of 23 patients showed disease worsening,
which was characterised by clinical progression without any
imaging changes. Thus, TNF-o inhibitor used as monotherapy
may be efficient in neurosarcoidosis. Importantly, that good
outcomes occur in patients with parenchymal involvement
allows for more easily generalising the potential efficacy to all
forms of CNS sarcoidosis.
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As reported in several studies of neurosarcoidosis,'* !’

infections were encountered here in a significant number
of patients receiving a TNF-a inhibitor. Ten infections
including two serious infections occurred in 10 of 23
patients. No specific patterns of infection were evidenced.
Finally, follow-up data were available for 7 of 9 patients
who stopped TNF-a inhibitors: 5 experienced clinical and
MRI worsening in the few months (mean 7.6) after stopping
arguing for active surveillance of patients in case of treat-
ment discontinuation.

The present study has some limitations. First, the sample
size is small, inherent to the rarity of the disease and the
stringent inclusion criteria. As mentioned above, the char-
acteristics of the population were highly homogeneous,
which allowed for describing the effect of TNF-a inhibitors
in the most aggressive form of neurosarcoidosis. Second,
we cannot fully exclude that regression to the mean effect
partly contributes to the dramatic decrease of disease
activity measured after TNF-o inhibitor. However, in the
present study, in order to rule out a simple regression to
the mean effect, we have collected the disease activity since
the first MRI available in all the patients and evidenced
in the large majority of the patients an important disease
activity for several years and a clear breaking point in this
disease activity since the onset of TNF-o inhibitor. Third,
the follow-up was short, which may underestimate a poten-
tial medium-term return of disease activity or side effects.
Fourth, the retrospective design may have contributed to
underreporting side effects.

The present study suggests that TNF-o inhibitor treat-
ment is associated with clinical and imaging improvement in
patients with CNS parenchymal sarcoidosis and allows for
tapering steroids to <9 mg/day in almost 80% of them. This
study provides Class IV evidence that for patients with CNS
parenchymal sarcoidosis, a TNF-o inhibitor used as mono-
therapy is effective for tapering steroids.
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