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Infliximab for the treatment of CNS
sarcoidosis
A multi-institutional series

ABSTRACT

Objective: To describe clinical and imaging responses in neurosarcoidosis to infliximab, a monoclo-
nal antibody against tumor necrosis factor–a.

Methods: Investigators at 6 US centers retrospectively identified patients with CNS sarcoidosis
treated with infliximab, including only patients with definite or probable neurosarcoidosis follow-
ing rigorous exclusion of other causes.

Results: Of 66 patients with CNS sarcoidosis (27 definite, 39 probable) treated with infliximab for
a median of 1.5 years, the mean age was 47.5 years at infliximab initiation (SD 11.7, range
24–71 years); 56.1% were female; 62.1% were white, 37.0% African American, and 3% His-
panic. Sarcoidosis was isolated to the CNS in 19.7%. Using infliximab doses ranging from 3 to
7 mg/kg every 4–8 weeks, MRI evidence of a favorable treatment response was observed in
82.1% of patients with imaging follow-up (n 5 56), with complete remission of active disease
in 51.8% and partial MRI improvement in 30.1%; MRI worsened in 1 patient (1.8%). There was
clinical improvement in 77.3% of patients, with complete neurologic recovery in 28.8%, partial
improvement in 48.5%, clinical stability in 18.2%, worsening in 3%, and 1 lost to follow-up. In
16 patients in remission when infliximab was discontinued, the disease recurred in 9 (56%),
typically in the same neuroanatomic location.

Conclusions: Most patients with CNS sarcoidosis treated with infliximab exhibit favorable imag-
ing and clinical treatment responses, including some previously refractory to other immunosup-
pressive treatments.

Classification of evidence: This study provides Class IV evidence that for patients with
CNS sarcoidosis infliximab is associated with favorable imaging and clinical responses.
Neurology® 2017;89:2092–2100

GLOSSARY
CI 5 confidence interval; CVID 5 combined variable immunodeficiency; OR 5 odds ratio; TNF-a 5 tumor necrosis factor–a.

Sarcoidosis is an inflammatory disorder characterized by a heightened granulomatous immune
response.1 The pathologic hallmarks are compact, well-formed, coalescent non-necrotizing
or minimally necrotizing epithelioid granulomas with associated scattered lymphocytes.2 Sar-
coidosis exhibits complex genetic inheritance patterns, and nearly all susceptibility genes iden-
tified to date are important in immune function.3 The annual age-adjusted incidence of
sarcoidosis in the United States ranges from 3 to 10/100,000 among Caucasians to 35–80/
100,000 among African Americans.4 Neurosarcoidosis occurs in 5%–15% of patients with
sarcoidosis and can cause substantial morbidity.1

While glucocorticoids are a mainstay of treatment for neurosarcoidosis,5 doses required to
achieve and sustain an optimal treatment response can be prohibitive due to disease severity or
glucocorticoid toxicity.6 Steroid-sparing immunosuppressive therapies have been used to treat

*These authors contributed equally to this work and should be considered co–first authors.

From the Department of Neurology (J.M.G., S.L.H., J.D., A.J.G.), Division of Pulmonary and Critical Care, Department of Medicine (L.L.K.), and
Department of Ophthalmology (A.J.G.), University of California San Francisco; Department of Neurology (M.J.B., N.V., S.S., H.M., F.B., S.P.),
Vanderbilt University Medical Center, Nashville, TN; Department of Neurology (B.J.S., J.A.K., D.J.A.), University of Maryland Medical Center,
Baltimore; Departments of Neurology and Medicine (D.B.C., T.H.Y.), Washington University in St. Louis, MO; Department of Neurology (Y.W.,
M.J.H.), University of Kansas Medical Center, Kansas City; and Department of Neurology (T.A.C., N.V.), Massachusetts General Hospital, Boston.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

2092 © 2017 American Academy of Neurology

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

mailto:siddharama.pawate@vanderbilt.edu
mailto:siddharama.pawate@vanderbilt.edu
http://neurology.org/lookup/doi/10.1212/WNL.0000000000004644
http://neurology.org/lookup/doi/10.1212/WNL.0000000000004644


neurosarcoidosis with variable success.7–9

There have been no randomized controlled
trials focused on CNS sarcoidosis.

Infliximab is a chimeric mouse–human
monoclonal antibody against tumor necrosis
factor–a (TNF-a) .10 Epithelioid and giant cells
in human sarcoidosis granulomas avidly express
TNF-a,11 a cytokine critical for granuloma
formation and maintenance.12 Infliximab has
emerged as a neurosarcoidosis treatment option,
including in refractory and steroid-dependent
patients, but reports have largely been of single
patients or small case series (table e-1 at
Neurology.org).

The study of rare neurologic disorders can
benefit from collaborative research. An
investigator-initiated neurosarcoidosis research
consortium was established to advance science
and therapeutics in the field.13 In this multi-
institutional case series, representing its collabo-
rative effort, we analyze imaging and clinical
responses of patients with CNS sarcoidosis trea-
ted with infliximab.

METHODS Patients and study design. Investigators from
6 US academic medical centers with experience in neurosarcoido-

sis—University of California, San Francisco (UCSF); Vanderbilt

University Medical Center; University of Maryland; Washington

University in St. Louis; Harvard (Massachusetts General Hospi-

tal); and Kansas University—retrospectively identified patients

with CNS sarcoidosis who had been treated with infliximab at

their institutions through September 2015 and submitted de-

identified data for pooled analysis using a standardized case

report form.

We elected to include only those patients who had definite

neurosarcoidosis (defined as having a CNS biopsy consistent with

sarcoidosis and a neurologic syndrome consistent with granulo-

matous inflammation) or probable neurosarcoidosis (defined as

biopsy-confirmed sarcoidosis in an organ outside the nervous sys-

tem and a neurologic syndrome consistent with granulomatous

inflammation) along with rigorous exclusion of other causes.5,14

Cases of possible or suspected neurosarcoidosis without biopsy

confirmation were excluded. We also excluded one patient with

combined variable immunodeficiency (CVID)–associated non-

caseating granulomatous pulmonary disease who had an inflam-

matory CNS process (and who notably developed a Nocardia
brain abscess on infliximab), as emerging data suggests that

CVID-associated granulomatous processes are probably a distinct

pathophysiologic entity from classic sarcoidosis.15 Although sar-

coidosis can cause peripheral neuropathy and myopathy, in this

study of neurosarcoidosis we focus on CNS sarcoidosis.

Standard protocol approvals, registrations, and patient
consents. Institutional review board approval for retrospective

chart review was obtained locally at each institution.

Outcome measures. We defined clinical response as stability,

improvement, or worsening of neurologic symptoms and signs

as assessed by the treating clinicians and chart review. We defined

imaging responses as stability, improvement, or worsening of

findings consistent with neurosarcoidosis including contrast

enhancement, signal abnormalities on T2-weighted sequences,

and other associated features such hydrocephalus, based on review

of local case records at last follow-up. We defined a favorable

treatment response as either partial or complete imaging

improvement in the context of clinical stability, partial clinical

improvement, or complete clinical recovery.

Statistical analysis. Summary statistics were calculated using

Stata 12.0 (StataCorp, College Station, TX). Data are expressed

in mean and SD and median and interquartile range, unless oth-

erwise specified. Differences in demographic and clinical variables

between centers were analyzed using analysis of variance. Multi-

variable logistic regression was used to evaluate possible predictors

of treatment response, including models examining age, sex, race,

disease duration before infliximab initiation, duration of inflixi-

mab therapy, prior other immunosuppression, and concurrent

other immunosuppression.

RESULTS Patient cohort. Table 1 summarizes key
demographic results and disease characteristics. The
clinical syndrome included myelitis or radiculomyeli-
tis in 31 patients (47%), meningitis in 30 (45.5%),
pituitary/hypothalamic involvement in 17 (25.8%),
and optic neuropathy in 16 (24.2%). Ventriculoper-
itoneal shunts were present in 8 (12%) patients.
Fifty-eight patients had sufficient information for
combined clinical and imaging evaluation. There was
no statistically significant difference among centers in
patient age, sex distribution, or ethnicity, or between
relative proportions of clinical and imaging treatment
responses.

Treatment regimens, timing, and duration. Infliximab
dosing regimens varied, and frequency and dose were
sometimes adjusted based on treatment response.
Loading doses were typically given at weeks 0, 2,
and 6. Maintenance dosing ranged from 3 to 7 mg/
kg—most commonly 5 mg/kg—and the frequency
of infusions ranged from every 4 to every 8 weeks
for maintenance infusions. CNS disease was consid-
ered active in 100% of treated patients at the time of
infliximab initiation.

Previous and concomitant therapies. All but 1 patient
(98.5% of patients) had been treated with glucocorti-
coids prior to infliximab. In total, 52 (78.8%) pa-
tients received at least one steroid-sparing therapy
prior to infliximab, including mycophenolate mofetil
in 30 patients (45.5%), methotrexate in 24 (36.4%),
azathioprine in 9 (13.6%), plasma exchange in 5
(7.5%), hydroxychloroquine in 2 (3%), rituximab in
2 (3%), alemtuzumab in 1 (1.5%), mitoxantrone in 1
(1.5%), IV immunoglobulin in 1 (1.5%), and adali-
mumab in 1 (1.5%). In total, 49 patients (74.3%) were
on another steroid-sparing, nonbiologic, immunosup-
pressant concurrent with infliximab (table 1). At the
time of infliximab initiation, 52 (80%) patients were on
concurrent glucocorticoids. During infliximab therapy,
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Table 1 Demographics, disease characteristics, and infliximab treatment response

Consortium
(all cases) UCSF VUMC KU Maryland MGH Wash U

Sample, n 66 18 21 5 8 6 8

CNS sarcoidosis, n (%)

Probable 39 (59.1) 12 (66.7) 15 (71) 2 (40) 1 (12.5) 6 (100) 3 (37.5)

Definite 27 (40.9) 6 (33.3) 6 (29) 3 (60) 7 (87.5) 0 5 (62.5)

Isolated CNS sarcoidosis, n (%) 13 (19.7) 3 (16.7) 5 (23.8) 0 (0) 0 (0) 0 (0) 5 (62.5)

Age at time of infliximab initiation, y

Mean (SD) 47.5 (11.7) 49.6 (10.6) 44.7 (12.1) 50.2 (10.2) 49 (9.5) 47.2 (13) 47.4 (16.2)

Range 24–71 29–69 27–65 37–62 33–63 27–60 24–71

Female, n (%) 37 (56.1) 10 (55.6) 13 (61.9) 3 (60) 3 (37.5) 4 (66.7) 4 (50)

Race, n (%)

White 41 (62.1) 14 (77.8) 11 (52.4) 4 (80) 2 (25) 4 (66.7) 6 (75)

African American 25 (37.9) 4 (22.2) 10 (47.6) 1 (20) 6 (75) 2 (33) 2 (25)

Ethnicity (Hispanic), n (%) 2 (3) 2 (11.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Family history, n (%)

Sarcoidosis 5 (7.5) 0 2 (9.1) 0 (0) 2 (25) 0 (0) 1 (12.5)

Neurosarcoidosis (n 5 66) 3 (4.5) 1 (5.6) 2 (9.1) 0 (0) 0 (0) 0 (0) 0 (0)

Time from disease onset to infliximab initiation, y

Median (IQR) (n 5 61) 2 (1–4.3) 2.3 (1.5–3) 4 (2–6) Not available 3.5 (2.7–5.4) 1 (0.5–1.3) 0.7 (0.3–1)

Infliximab exposure, y

Median (IQR) (n 5 66) 1.5 (0.8–2.6) 2.5 (0.9–3.8) 1.5 (1–2) 0.7 (0.4–1.1) 1.8 (0.7–5.3) 1 (0.8–1.5) 1 (0.7–2)

Concomitant therapy along with infliximab, n (%)

Methotrexate 22 (33.3) 9 (50) 1 (4.8) 3 (60) 7 (87.5) 2 (33.3) 0

Mycophenolate 18 (27.3) 1 (5.6) 13 (61.9) 2 (40) 1 (12.5) 1 (16.7) 0

Azathioprine 10 (15.2) 6 (33.3) 2 (9.6) 0 0 2 (33.3) 0

Other 2 (3.0) 0 1a (4.8) 0 1b (12.5) 0 0

None 14 (21.2) 2 (11.1) 3 (14.3) 0 0 1 (16.7) 8 (100)

Lowest steroid dose achieved during infliximab therapy
(prednisone mg/d equivalent), n (%)

0 27 (40.1) 7 (38.9) 12 (57.1) 3 (60) 0 2 (33.3) 3 (37.5)

1–5 mg/d 18 (27.3) 3 (16.7) 5 (23.8) 0 3 (37.5) 4 (66.7) 3 (37.5)

6–10 mg/d 12 (18.2) 5 (27.8) 4 (19.0) 0 3 (37.5) 0 0

11–20 mg/d 5 (7.6) 2 (11.1) 0 2 (40) 1 (12.5) 0 0

21–40 mg/d 1 (1.5) 0 0 0 0 0 1 (12.5)

More than 40 mg/d 1 (1.5) 1 (5.6) 0 0 0 0 0

Data unavailable 2 (3) 0 0 0 1 (12.5) 0 1 (12.5)

MRI response, n (%)

Worsened 2 (3) 0 (0) 1 (4.8) 0 (0) 0 (0) 0 (0) 1 (12.5)

No change 8 (12.1) 2 (11.1) 4 (19.1) 1 (20) 0 (0) 0 (0) 1 (12.5)

Partial improvement 17 (25.8) 6 (33.3) 3 (14.3) 0 (0) 3 (37.5) 3 (50) 2 (25)

Complete Remission 29 (43.9) 10 (55.6) 6 (28.6) 3 (60) 3 (37.5) 3 (50) 4 (50)

Incomplete imaging follow-up 10 (15.2) 0 (0) 7 (33.3) 1 (20) 2 (25) 0 (0) 0 (0)

Clinical response, n (%)

Worsened 2 (3) 1 (5.6) 0 (0) 0 (0) 0 (0) 0 (0) 1 (12.5)

Stable 12 (18.2) 3 (16.7) 4 (19.1) 3 (60) 1 (12.5) 0 (0) 1 (12.5)

Continued
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27 patients (40%) were able to discontinue steroids,
while another 18 (27%) were able to be maintained on
5 mg/d or less of prednisone or prednisone equivalent
(table 1).

Treatment outcome and predictors. With infliximab
treatment, there was a favorable imaging response in
82.1% of patients with adequate MRI follow-up (n 5

56), with complete remission of active disease in 29
(51.8%) and partial improvement in 17 (30.1%); MRI
findings worsened in 1 patient (1.8%) (table 1). Figures
1 and 2 (and figures e-1 and e-2) provide several ex-
amples of observed patterns of infliximab treatment
response. With infliximab treatment, there was clinical
improvement in 77.3% of patients, with complete
recovery in 28.8% and partial improvement in 48.5%;
an additional 18.2% of patients exhibited clinical sta-
bility; 3% worsened; and 1 was lost to clinical follow-up
(table 1). A favorable treatment response was observed
in 45 (80.4%) of 58 patients with sufficient information
for combined clinical and imaging evaluation. The
longer neurosarcoidosis had been present before in-
fliximab initiation, the lower the odds of a favorable
treatment response (odds ratio [OR] 0.82, 95% confi-
dence interval [CI] 0.72–0.92, p 5 0.02, in a logistic
regression model; OR 0.79, 95% CI 0.64–0.97, p 5

0.02, in a logistic regression model adjusting for age and
sex). The effect size was similar when analyzing by
a purely favorable clinical response (OR 0.86, 95% CI
0.75–0.98, p 5 0.03) or a purely favorable imaging
response (OR 0.83, 95% CI 0.71–0.96, p 5 0.01).
Combination therapy of infliximab with another
steroid-sparing agent was associated with a favorable
treatment response (OR 4.8, 95% CI 1.2–19.3, p 5

0.03, in a logistic regression model; OR 6.9, 95% CI
1.2–41.3, p 5 0.03, in a logistic regression model ad-
justing for age, sex, and time from disease onset to in-
fliximab initiation). However, combination therapy was
not significant as a predictor of a purely imaging
response (OR 3.6, 95% CI 0.87–14.6, p 5 0.08),
complete clinical responses, or complete or partial clin-
ical response. There was no association between in-
fliximab treatment response and age, sex, race, or
exposure to prior immunosuppression.

Safety and tolerability of infliximab. Seven patients
(10.1%) had infections that the investigators consid-
ered to be possibly related to infliximab or the cumu-
lative immunosuppressive regimen.

Another patient discontinued infliximab after the
first dose due to myositis, which was thought to be
medication-related. There were no deaths during
the period under study. Notably, one patient (the
same patient presented in figure 1) subsequently
experienced breakthrough cutaneous sarcoidosis on
the face while otherwise demonstrating sustained
remission of previously highly active neurosarcoidosis
on infliximab; the cutaneous sarcoidosis was managed
topically with complete remission of cutaneous
involvement.

Treatment discontinuation of infliximab.Of 16 patients
in remission from neurosarcoidosis on treatment
when infliximab was discontinued, active CNS sar-
coidosis recurred in 9 patients (56%) within a mean
of 5.7 months (SD 3) following infliximab discontin-
uation. The disease reoccurred in the same neuroan-
atomical location of previous disease activity in 60%
of these patients (figure 2). There was no significant
association in a logistic regression model between
total infliximab treatment duration and time to
relapse upon infliximab cessation.

DISCUSSION Our real-world results report cumu-
lative experience from our institutions of infliximab
treatment for neurosarcoidosis that is informative for
clinical care and future investigations in the field. In
this retrospective analysis of 66 patients with definite
or probable CNS sarcoidosis from a diverse demo-
graphic and geographic distribution from 6 US cen-
ters, over three-quarters of patients treated with
infliximab exhibited favorable imaging and clinical
treatment responses.

Limitations of this study include potential biases
inherent in any retrospective case series, including
the absence of a comparison of outcomes to a non-
infliximab-treated group. However, the return of
disease activity in 56% of patients who achieved
remission on infliximab at a mean of 5.7 months after

Table 1 Continued

Consortium
(all cases) UCSF VUMC KU Maryland MGH Wash U

Improvement with some residual neurologic disability 32 (48.5) 9 (50) 12 (57.1) 0 (0) 5 (62.5) 4 (66.7) 2 (25)

Complete recovery 19 (28.8) 5 (27.8) 5 (23.8) 2 (40) 1 (12.5) 2 (33.3) 4 (50)

Lost to follow-up 1 (1.5) 0 (0) 0 (0) 0 (0) 1 (12.5) 0 (0) 0 (0)

Abbreviations: IQR 5 interquartile range; KU 5 University of Kansas; MGH 5 Massachusetts General Hospital; UCSF 5 University of California, San
Francisco; VUMC 5 Vanderbilt University Medical Center; Wash U 5 Washington University in St. Louis.
aMesalamine.
bCyclosporine plus methotrexate.
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infliximab discontinuation provides additional sup-
port for the presumed benefit of infliximab in neu-
rosarcoidosis. In addition, the favorable treatment
response to infliximab in some patients who failed
to respond to other immunosuppressive agents is
supportive of an infliximab benefit. Another limita-
tion of this study is that infliximab treatment pro-
tocols were not standardized within or across the
centers, and variability in infusion protocols and
use of concurrent immunotherapies could have
had some influence on efficacy and safety. In our
series, infliximab was most commonly used as com-
bination therapy, rather than monotherapy, and
some of the treatment benefit could relate to

synergistic effects of combination immunosuppres-
sion. Variability in practice patterns related to tim-
ing of clinical and imaging follow-up in this
retrospective case series precluded more specific
time to event analyses, and future studies with stan-
dardized clinical and imaging follow-up will be
helpful to clarify the specifics of timing of treat-
ment of response with various dosing regimens.
As our centers have a special interest in caring for
patients with neurosarcoidosis, the patient sample
could reflect referral bias. Despite these limitations,
our study is important in reporting real-world, clin-
ically relevant outcomes following infliximab treat-
ment in 66 patients with probable or definite CNS

Figure 1 Progression of CNS sarcoidosis over 10 years despite conventional immunosuppressive therapy with complete remission on
infliximab

At age 37, this previously healthy African American man developed bilateral sequential optic neuropathy. Over the next 3 years, he progressed to blindness
with no light perception bilaterally, despite aggressive glucocorticoid therapy. Chest CT at age 39 showed mild bilateral hilar lymphadenopathy, and biopsy
of nasal mucosa at age 42 was consistent with sarcoidosis. Over the next decade, he went on to develop hypopituitarism, cognitive impairment (correlating
with further subcortical involvement on neuroimaging), and intractable hiccups despite treatment with oral glucocorticoids and azathioprine. At age 50,
brain biopsy of an enhancing lesion in the right thalamus showed non-necrotizing granulomatous inflammation consistent with CNS sarcoidosis. The top
and bottom rows show serial T1 postgadoliniumMRIs from 2 different anatomic levels with the x-axis aligned by time. TheMRIs show that there is persistent
waxing and waning abnormal nodular enhancement (arrows show some examples) in the same neuroanatomic distribution over 10 years, which finally remit-
ted following treatment with infliximab, initially at an escalated dose of 7 mg/kg IV every 6 weeks and since maintained on infliximab 5 mg/kg Q8 weeks
together with azathioprine 50 mg/d and replacement doses of glucocorticoids. Remission of the CNS process has been maintained for over 4 years. The
patient had breakthrough sarcoidal granulomatous dermatitis on this maintenance regimen 2.5 years into his CNS remission, and the facial lesions subse-
quently resolved. His hiccups resolved and cognition returned to baseline; as expected, there has been no improvement in visual function. ACE5 angiotensin-
converting enzyme; IgG 5 immunoglobulin G; OCB 5 oligoclonal band; WBC 5 white blood cell.
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neurosarcoidosis. Furthermore, rates of clinical and
imaging responses to infliximab were remarkably
consistent across study sites.

Treatment of neurosarcoidosis is currently based
on expert opinion, observations from case reports,
and relatively small case series, and by inferring effi-
cacy from treatment of sarcoidosis in other organ sys-
tems. In one series, as many as 79% of patients with
neurosarcoidosis achieved clinical remission with oral
glucocorticoids,16 although in many others, a substan-
tial proportion of patients with neurosarcoidosis pro-
gressed despite glucocorticoids or relapsed when
glucocorticoid doses were tapered to more tolerable,
less toxic levels.5,8,9,17 Steroid-sparing immunosup-
pressive agents used in neurosarcoidosis have
included methotrexate, azathioprine, mycophenolate
mofetil, hydroxychloroquine, cyclophosphamide,
and, increasingly, infliximab.7,18–20 Very few compar-
ative studies of neurosarcoidosis treatments exist, but
one retrospective analysis of 40 patients with CNS
and peripheral nervous system sarcoidosis suggested
greater efficacy of methotrexate over mycophenolate
(but with more adverse effects with methotrexate) and
relatively high relapse rates with either therapy.21

There are incomplete data about the possible efficacy
of anti-CD20 B-cell-depleting treatment in neurosar-
coidosis22 and sarcoidosis more broadly,23 but it is
notable that 2 patients included in our analysis pro-
ceeded to infliximab treatment despite prior treat-
ment with rituximab, with partial clinical
improvement on infliximab in one patient and com-
plete clinical and imaging improvement in the other.

The scientific rationale for TNF-a-inhibiting
therapy in sarcoidosis is the central role TNF-a ap-
pears to play in the formation and maintenance of
granulomas.24 These observations led to early adop-
tion of treatments with target effects inhibiting TNF-
a, including pentoxifylline25 and thalidomide.26 Two
double-blind placebo-controlled randomized trials of
infliximab for pulmonary sarcoidosis demonstrated
a statistically significant, albeit clinically modest,
improvement in forced vital capacity.27,28 Post hoc
analysis of one of these trials27 analyzing effects of
infliximab on extrapulmonary sarcoidosis showed im-
provements in a novel extrapulmonary sarcoidosis
severity score based in part on the number of organ
systems involved by sarcoidosis and included a small
subset with neurologic involvement.29 Our dataset, in
the context of other published series in neurosarcoi-
dosis (table e-1), suggests that infliximab may be par-
ticularly effective in treating CNS sarcoidosis. CNS
involvement by sarcoidosis may also exhibit patterns
of disease activity and treatment responses different
from what is sometimes observed in the lungs, skin,
or other affected organ systems, including the partic-
ular susceptibility of CNS tissue to permanent injury.
These data illustrate the importance of studying organ-
specific treatment responses in sarcoidosis whenever pos-
sible. Organ-specific treatment responses can sometimes

Figure 2 Improvement of leptomeningeal, pituitary/hypothalamic, and optic
chiasm involvement of neurosarcoidosis following infliximab and
worsening upon infliximab discontinuation

A 32-year-old white man with definite neurosarcoidosis proven by biopsy of a hypothalamic
lesion progressed despite treatment with glucocorticoids, azathioprine, and methotrexate.
(A) Coronal and midsagittal T1-weighted MRI brain with gadolinium contrast obtained after
treatment with the aforementioned for 2 years demonstrated significant, progressing nod-
ular leptomeningeal enhancement along the interhemispheric fissure (small arrow), surround-
ing the optic chiasm and pituitary stalk (large arrow), and brainstem (arrowhead) including the
cerebellopontine angle and upper cervical spinal cord. (B) Coronal and midsagittal T1-
weighted MRI brain with gadolinium contrast after 2 months of infliximab demonstrated
near-complete resolution of previously active disease with only a small amount of possible
enhancement along the optic chiasm (arrowhead). The patient was maintained in remission
while on infliximab for 5 years. (C) Upon cessation of infliximab, the patient had recurrence
of disease within 8 months. Coronal and midsagittal T1-weighted MRI brain with gadolinium
contrast demonstrated nodular leptomeningeal enhancement at previous sites of active dis-
ease including the optic chiasm (arrow) and medullopontine angle (arrowhead). He was re-
treated with infliximab with clinical improvement.
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even differ within the same patient, as in the example of
the patient in our series with sustained remission of
CNS sarcoidosis on infliximab but transient break-
through cutaneous sarcoidosis.

Previous studies reporting infliximab efficacy in
neurosarcoidosis were limited to single case reports
and smaller case series (table e-1). An earlier review
of the literature identified 35 reported cases of neuro-
sarcoidosis treated with infliximab distributed
through 18 articles—improvement was reported in
all of those cases, suggesting the potential for publi-
cation bias in earlier literature.30 Our study adds sub-
stantially to the literature by reporting the range of
experiences with infliximab treatment of neurosarcoi-
dosis at 6 US specialty centers, including instances of
partial or incomplete (though often still meaningful)
imaging and clinical responses, as well as patients who
did not respond. Relapse after discontinuation of in-
fliximab occurred in 56% of our patients who were in
clinical and imaging remission on infliximab, most
commonly in the same neuroanatomic distribution.
The relapse rates following infliximab discontinua-
tion observed in our series are consistent with the
50% relapse rate following infliximab discontinuation
reported in another series published this year.31 When
considering discontinuation of infliximab for patients
in remission, these data support proactive clinical and
imaging surveillance strategies to monitor for evi-
dence of relapse.

The difference between clinical and imaging out-
comes in some patients in our dataset is likely attrib-
utable to sustained (and possibly irreversible)
neurologic deficits incurred following CNS injury
from sarcoidosis even when inflammation subse-
quently remitted on effective therapy. These data
highlight the need for developing better disease-
specific clinical, imaging, and biological metrics to
improve the responsiveness and granularity of out-
come data in neurosarcoidosis. The findings from
our study also lend support for a randomized con-
trolled trial of infliximab in neurosarcoidosis, which
would necessarily need to be multicenter. While
a standard parallel-group placebo-controlled design
could be considered, the data presented in our study
would also support a placebo-controlled randomized-
withdrawal trial design for neurosarcoidosis in which
all patients would be treated with infliximab (or
another therapy under investigation). Infliximab non-
responders would be censored and responders ran-
domized to either continue with active therapy or
switch to placebo in a randomized double-blinded
fashion, with the primary outcome being a return
of disease activity. A potential advantage of a random-
ized withdrawal approach is that previously effective
treatment could be immediately reinitiated upon
meeting the trial endpoint in order to minimize

suffering and reduce the potential for irreversible neu-
rologic injury; the precedent for this approach is a reg-
istration study of etanercept for polyarticular juvenile
idiopathic arthritis.32

Although practice patterns varied in our series and
across centers, we typically reserve infliximab for
more severe cases of CNS sarcoidosis, and tend to
start with a dose of 5 mg/kg IV loading at weeks 0,
2, and 6 and maintenance dosing every 4–8 weeks
based on estimation of disease severity and risk of
neurologic compromise. In the majority of patients
(78.8%) in our analysis, infliximab was used in com-
bination with an oral immunosuppressant agent, typ-
ically mycophenolate, methotrexate, or azathioprine.
Combination therapy may reduce the risk of devel-
oping anti-infliximab antibodies that can neutralize
therapeutic effects and other adverse events (for
a recent review of anti-infliximab antibodies, see
Murdaca et al.33). Neutralizing antibodies and inflix-
imab levels can be checked via clinical laboratory
studies if warranted. Combination therapy may also
have synergistic disease-modifying effects.

Further investigation is needed to determine how
combination therapy compares with monotherapy in
neurosarcoidosis and how various combinations com-
pare in terms of efficacy, safety, and tolerability. The
optimal duration of therapy also remains to be deter-
mined, but instances of relapse after long-term inflix-
imab treatment together with the observation that
over half of patients in remission on infliximab relapse
after infliximab discontinuation supports the use of
prolonged infliximab therapy in some patients and
the need for close clinical and imaging follow-up if
electing to discontinue infliximab. Many questions
remain regarding longer-term management strategies
and maintenance therapy. For example, after achiev-
ing remission, should the total dose or frequency of
infliximab infusions be decreased? And when using
combination regimens, what is the best strategy for
tapering?

The expanding number of biologic therapies that
target the TNF-a pathway are not identical in terms
of their antigenicity and treatment effects, and the
benefit observed with infliximab in sarcoidosis could
be target, antibody, or molecule-specific. Adalimu-
mab, a fully humanized monoclonal TNF-a antibody
that has also been used in cutaneous and systemic
sarcoidosis,34 has been reported to be effective in
a few cases of neurosarcoidosis.35 Etanercept, a fusion
protein that binds to TNF-a and inhibits binding to
the TNF-a receptor, appeared promising in some
patients with refractory systemic sarcoidosis.36 How-
ever, an open-label trial and a randomized controlled
trial of etanercept found no benefit in pulmonary
sarcoidosis37 or in systemic sarcoidosis with uveitis.38

A randomized study of golimumab in chronic
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pulmonary or skin sarcoidosis failed to meet its pri-
mary outcome.39

Infliximab has several well-recognized risks,
including black box warnings related to infection
and malignancy, and risks related to infusion and
hypersensitivity reactions. Rarely, paradoxical devel-
opment of granulomatous inflammation has also been
reported on anti-TNF-a therapy.40 While our obser-
vational study was not focused on the full range of
potential adverse event reporting, over 10% of pa-
tients developed infections on infliximab that in the
opinion of the investigator could have been related to
treatment. Prospective studies will be needed to deter-
mine the comparative risk of infliximab to other
disease-modifying agents in neurosarcoidosis and
what dose, frequency, and treatment combinations
are optimal for neurosarcoidosis.

These data, based on the largest cohort reported to
date, provide Class IV evidence (because of the
absence of a comparison of outcomes to a non-
infliximab-treated group) that for patients with
CNS sarcoidosis, infliximab is associated with favor-
able imaging and clinical responses, including in pa-
tients who have failed other therapies.
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