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Efficacy and Safety of TNF Antagonists in
Sarcoidosis: Data from the Spanish Registry

of Biologics BIOBADASER and a Systematic Review
Jose Ramon Maneiro, MD,* Eva Salgado, MD,*

Juan J. Gomez-Reino, MD, PhD,*,†,1 Loreto Carmona, MD, PhD,*,‡,1

and the BIOBADASER Study Group2

Objective: To evaluate the safety, efficacy, and effectiveness of TNF antagonists in patients with
sarcoidosis.
Methods: A descriptive study of a case series registered in BIOBADASER and a systematic review was
performed. The search strategy of articles published between 1998 and July 2011 in Medline, Embase,
and the Cochrane Library included synonyms of sarcoidosis and synonyms of TNF antagonists.
Results: Seven patients treated with infliximab (IFX) and 1 with etanercept (ETN) switched to IFX for
inefficacy were registered in BIOBADASER 2.0. In 3, treatment is still ongoing. Reasons for discon-
tinuation were serious adverse events in 2 cases, inefficacy in 2 cases, and complete clinical response in
2 cases. Eight serious adverse events were reported. In the selected 69 of 2262 reports and 1 abstract of
the review, 232 patients (89.9%) were treated with IFX and 26 (10.0%) were treated with ETN. In 2
randomized clinical trials, favorable response of the lung disease was reported with IFX. In other
randomized clinical trials, no improvement of ocular manifestations was reported with ETN. In the
cases series, results were diverse. Mean weighted rates of adverse events, infections, serious infections,
and malignancy were 39.9, 22.1, 5.9, and 1.0 per 100 patient-years, respectively.
Conclusions: There is insufficient evidence to ensure the efficacy of TNF antagonists in sarcoid-
osis. Nevertheless, IFX may be effective in selected manifestations of the disease. Before starting
treatment of sarcoidosis with IFX, a careful evaluation of the benefit/risk ratio must be considered
on an individual basis.
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Sarcoidosis is a systemic granulomatous disease of
unknown etiology characterized by multiorgan in-
volvement, which usually has a benign course with a

high rate of spontaneous remission in the milder cases (1).
However, there are progressive or chronic severe forms of
the disease with a poor response to the standard therapy
with steroids, which require long-term immunosuppres-
sive therapy.

Currently, steroids remain the standard treatment of
sarcoidosis. This therapy is limited by long-term side ef-
fects, and the existence of steroid-dependent forms. The
search for new therapies is still ongoing. Different immu-
nosuppressive drugs have demonstrated generally modest
efficacy (2). Among all, methotrexate appears to be the

ost effective, and it is considered as a possible alternative

herapy (3).
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2 Efficacy and safety of TNF antagonists in sarcoidosis
Table 1 Table of Evidence of Studies on TNF Antagonist for Sarcoidosis: Design and Outcomes

First Author Year n N Intervention
Follow-Up

(mo) Outcomes LE

Clinical trial
Baughman

(58)
2006 138 93 Infliximab 3 or 5 mg/kg vs

placebo at weeks 0, 2,
6, 12, 18, and 24

13 ● Change from baseline in the percent of
predicted vital capacity (VC) at week
24 (primary endpoint)

2

● Improvement in Saint George’s
Respiratory Questionnaire (SGRQ) total
score (weeks 24 and 52)

● Improvement in 6-min walk distance
(6-MWD) (weeks 24 and 52)

● Improvement in Borg’s CR10 dyspnea
score (weeks 24 and 52)

● Improvement in chest radiograph R-
score (weeks 6 and 24)

● Proportion of Lupus Pernio Physician’s
Global Assessment (LuPGA) responders
(60)

● Improvement in organs evaluated in
the extrapulmonary physician organ
severity tool score (ePOST) (week 24)a

(59)
● Safety

Baughman
(61)

2005 20 9 Etanercept 25 mg/twice a
week

6 ● Number of treated patients with oral,
topical, and periocular injection
steroids (primary endpoint)

● Improvement in ophthalmology global
assessment

2

● Improvement in median poststudy
visual acuity (VA) evaluated by an
ophthalmologist

● Safety
Rossman

(62)
2006 19 13 Phase I: Infliximab 5 mg/

kg vs placebo at week 0
and 2

9.5 ● Mean relative change in VC at week 6
(primary endpoint)

2

Phase II: Open-label
infusion for all patient at
week 6 and 14

● Comparison of the rate of patients
achieving a 15% improvement in VC at
week 6

● Comparison of the mean Transitional
Dyspnea Index stage at week 6

● Comparison of the proportion of
patients with improvement in chest
X-ray at week 6

● Comparison of the mean change in
SF-36 at week 6

● Increase in VC of treated group
baseline to week 6 combined with the
increase in VC of placebo group week
6 to week 12

● Safety
Case series

Aguiar
(63)

2009 10 10 Infliximab 5 mg/kg 0, 2,
6, every 8 weeks

19.2b ● Clinical improvement evaluated by a
physician

4

● Improvement in VC for pulmonary
sarcoidosis

● Improvement in thoracic CT scan after
treatment for pulmonary sarcoidosis

● Improvement in brain MRI after

treatment for neurosarcoidosis
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Table 1 Continued

First Author Year n N Intervention
Follow-Up

(mo) Outcomes LE

● Improvement in liver enzymes for
hepatic sarcoidosis

● Safety
Crouser

(64)
2010 5 5 Infliximab 5 mg/kg 0, 2,

6, every 6 to 8 weeks
2 ● Increase in CD4� cell level after

treatment
4 to 5

● Clinical improvement evaluated by a
physician

● Improvement �10% in VC after
treatment

● Improvement �10% in ventricular
ejection fraction (VEF)

● Safety
Doty (65) 2005 10 10 Infliximab (different doses) 13.2b ● Clinical improvement evaluated by a

physician
4

● Improvement in liver enzymes for
hepatic sarcoidosis

● Improvement in brain, lower extremity,
and spinal MRI

● Improvement in ophthalmologic
evaluation

● Safety
Hostettler

(66)
2011 16 16 Infliximab 3 mg/kg every

4 to 8 weeks
29 ● Clinical improvement evaluated by a

physician
4

● Improvement �10% in force vital
capacity (FVC) after treatment

● Mean improvement in force vital
capacity (FVC)

● Safety
Jounieaux

(67)
2010 31 31 Infliximab 3 to 5 mg/kg 0,

2, 6, every 6 weeks
25c ● Clinical improvement evaluated by a

physician
4

● Improvement in dypsnea and/or FVC
after and/or for pulmonary sarcoidosis

● Improvement in �50% of skin lesions
for cutaneous sarcoidosis

● Improvement in brain MRI and/or
clinical improvement for
neurosarcoidosis

● Improvement in cardiac MRI for
cardiac sarcoidosis

● Improvement in liver enzymes for
hepatic sarcoidosis

● Improvement in ophthalmologic
evaluation for ocular sarcoidosis

● Improvement in creatinine for renal
sarcoidosis

● Safety
Keijsers

(68)
2008 12 12 Infliximab 5 mg/kg 0, 2,

6, every 6 weeks
NR ● Clinical improvement evaluated by a

physician
4

● Improvement in chest radiograph
● Improvement in FVC (mean of

improvement)
● Improvement in 18F-FDG PET:

normalized, improvement or not
changes

Moravan
(69)

2009 7 7 Infliximab 5 mg/kg 0, 2,
6, every 6 to 8 weeks

31.5c ● Clinical improvement evaluated by a
physician

4

● Improvement in brain MRI



4 Efficacy and safety of TNF antagonists in sarcoidosis
The role of tumor necrosis factor (TNF) in granulo-
matous conditions is well recognized (4-6). Nonethe-
less, its role in sarcoidosis remains unknown. High
levels of this cytokine in broncoalveolar lavage of pa-
tients with active disease (7,8) and a decrease of these
high levels following treatment have been published
(9-11). These findings suggest that targeting TNF may
be useful in the treatment of sarcoidosis. Currently,
these biologics that antagonize TNF have been used for
the treatment of sarcoidosis, and conflicting results are
reported. Off-label use of medications on sound bases
may be a reasonable approach for the treatment of

Table 1 Continued

First Author Year n N Intervention

Panselinas
(70)

2009 14 14 Infliximab 5 mg/kg 0, 2,
6, every 6 weeks

Pritchard
(71)

2004 5 5 Infliximab 3 mg/kg 0,2, 6,
every 4 to 8 weeks

Saleh (72) 2006 12 12 Infliximab 2, 6, 10, 14,
every 8 weeks

Santos
(73)

2010 4 4 Infliximab 3 to 5 mg/kg 0,
2, 6, every 8 weeks

Utz (74) 2003 17 17 Etanercept 25 mg/twice a
week

BIOBADASER 2011 8 8 Infliximab (different
doses)e

n, number of patients included in studies; N, number of patients t
magnetic resonance imaging; CT, computed tomography.
aData published in other report (Judson et al).
bData obtained from treatment regimen and doses of TNF antago
cData obtained from duration of treatment with TNF antagonist.
dFollow-up after discontinuation of TNF antagonist.
eOne patient previously received ETN.
uncommon conditions; however, the definition of
their efficacy and safety needs continuous scrutiny. In
this article, we have analyzed a case series (CS) of pa-
tients with sarcoidosis treated with TNF antagonists
and performed a systematic review to evaluate the effi-
cacy and safety in sarcoidosis.

MATERIALS AND METHODS

Descriptive Study

We studied all cases of sarcoidosis confirmed by pathology
and treated with TNF antagonists in the Spanish registry of
biological therapies BIOBADASER from February 2000 to

w-Up
o) Outcomes LE

● Safety
2d ● Clinical deterioration after

discontinuation of drug
4

● Mean time (mo) of deterioration after
discontinuation of drug

● Clinical improvement evaluated by a
physician

● Improvement in brain or spinal MRI
● Improvement in muscle MRI

NR ● Clinical improvement evaluated by a
physician

4

● Improvement in spinal MRI
● Improvement in thoracic TC scan
● Safety

6 ● Clinical improvement evaluated by a
physician

4

● Improvement in brain MRI or TC scan
● Improvement in bone scan
● Improvement in FVC
● Improvement in liver enzymes for

hepatic sarcoidosis
● Safety

0 ● Clinical improvement evaluated by a
physician

4

● Improvement in brain MRI
● Safety

5 ● Improvement in at least 2 of following
parameters: measures of pulmonary
function, chest radiograph and/or
dypsnea level at 12 mo (primary
endpoint)

3to4

● Improvement in SF-36 composited
(physical and mental) scores at 12 mo

● Safety
6 ● Safety 4

with TNF antagonists; LE, level evidence; NR, not reported; MRI,
Follo
(m

1

3

2

1

6

reated

nist.
July 2011. A description of BIOBADASER 2.0 has been
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published elsewhere (12-15) and its protocol is available in
English at its web page (https://biobadaser.ser.es/biobadaser/
eng/index.html). In brief, BIOBADASER 2.0 is a national
drug safety registry of patients with rheumatic diseases
starting treatment with any biologic and followed there-
after. The registry was established in February 2000 and
includes data from 14 large public hospitals throughout
Spain. Patients entering the registry are followed prospec-
tively and evaluated at the time of adverse events or when
a change in the biological therapy occurs. Data are col-
lected online by participating physicians. The following
items are included systematically: gender, date of birth,
diagnosis, date of diagnosis, comorbidities, types of bio-
logics, dates of initiation and of discontinuation, concom-
itant treatment, date of AE occurrence, severity, type, and
classification of AE according to the MedDRA dictionary
(http://www.meddramsso.com/).

For assessment of the consistency and quality, the da-
tabase is constantly monitored online. Additionally, a
random sample of patients is selected and audited in site
in all 14 centers annually. The study was approved by the
Ethics Review Committee of the Hospital Ramon y Cajal,
Madrid, acting as reference committee. Starting January
2008, all patients sign an informed consent to comply
with the Spanish regulations for data protection and re-
search.

A descriptive analysis of the sample was performed.

Systematic Review

We performed a systematic literature review to identify all
publications including sarcoidosis patients exposed to
TNF antagonists. The protocol of the review is available
online as supplementary material, available at http://
www.semarthritisrheumatism.com.

The clinical question was formulated according to

Figure 1 Results of the literature search.
the PICO (Patient, Intervention, Comparator, and
Outcome) approach (16). Patients were defined as sar-
coidosis confirmed by histology; intervention was the
treatment with any TNF antagonist. There was no
comparator for review design, and finally, outcome was
defined as any aspect of efficacy or safety of these ther-
apies. The final search question was formulated as, “Are
the TNF antagonists effective and/or safe in sarcoid-
osis?”

Table 2 Excluded Articles from the Review of Sarcoidosis
Treated with TNF Antagonists and Reason for Exclusion

Reason for Exclusion First Author (yr)

Abstracts with full version
of article published

Baughman (2002) (17)
Baughman (2005) (56)
Baughman (2006) (19)
Judson (2006) (20)
Rossman (2005) (21)
Yee (2001) (22)

Characteristics of the
publication (review)

Wells (2008) (23)

Characteristics of the
publication
(commentary of prior
reports)

Cook (2002) (24)
Corbett (2009) (25)
Kahler (2007) (26)
Morcos (2003) (27)
O’Connor (2002) (28)

No data about histology Chintamaneni (2010) (29)
Cufi-Benet (2010) (30)
Dhingra (2009) (31)
Elffericht (2010) (32)
Jonker (2007) (33)
Lindstedt (2005) (34)
Malaviya (2010) (35)
Marnane (2009) (36)
Menon (2004) (37)
Migliore (2008) (38)
Saurenmann (2006) (39)
Simonini (2011) (40)
Thielen (2009) (41)

Diagnosis of sarcoidosis
during treatment with
TNF antagonists

Suzuki (2009) (57)

No access to full report Baughman (2005) (18)
Baughman (2001) (42)
Hoitsma (2006) (43)
Petropoulos (2008) (44)
Tuchinda (2006) (45)

No fulfilling inclusion
criteria

Sorrentino (2004) (46)

Difficult to extract data
about treatment with
TNF antagonists

Stagaki (2009) (47)

Not value on efficacy or
safety

Baughman (2009) (48)
Drent (2006) (49)
Loza (2011) (50)
Sweiss (2010) (51)

Patients not treated with
TNF antagonists

Evrard (2008) (52)
Gallagher (2007) (53)
Maña (2010) (54)

Markert (2007) (55)

https://biobadaser.ser.es/biobadaser/eng/index.html
https://biobadaser.ser.es/biobadaser/eng/index.html
http://www.meddramsso.com/
http://www.semarthritisrheumatism.com
http://www.semarthritisrheumatism.com
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6 Efficacy and safety of TNF antagonists in sarcoidosis
Systematic Literature Research

Medline, Embase, and the Cochrane Library were
searched for articles published between 1998 and July
2011. The search strategy focused on synonyms for sar-
coidosis and for TNF antagonists and was limited to ar-
ticles on humans published in English, Spanish, French,
Italian, or Portuguese. We also included the congress ab-
stracts online from the European League Against Rheu-
matism and the American College of Rheumatology
(from 2001 to 2010/2011).

Selection of Articles

The selection criteria for the articles and abstracts were as
follows: (1) patients with diagnostic of sarcoidosis estab-
lished by histology; (2) treatment with TNF antagonists;
(3) publications that evaluated any aspect of efficacy
and/or safety; and (4) clinical trials (RCT) preferably, but
also including observational studies, CS, and case reports.

wo reviewers (JRM and ES) screened the titles and ab-
tracts for selection criteria independently, using a third
eviewer (LC) for consensus. Once the articles unrelated

Table 3 Characteristics of Patients with Sarcoidosis Include
TNF Antagonists

First Author Year N

Clinical trial
Baughman (58) 2006 93
Baughman (61) 2005 9
Rossman (62) 2006 13

Case series
Aguiar (63) 2009 10

Crouser (64) 2010 5
Doty (65) 2005 10

Hostettler (66) 2011 16
Jounieaux (67) 2010 31

Keijsers (68) 2008 12
Moravan (69) 2009 7
Panselinas (70) 2009 14

Pritchard (71) 2004 5

Saleh (72) 2006 12

Santos (73) 2010 4

Utz (74) 2003 17
BIOBADASER 2011 8

N, number of patients treated with TNF antagonists; NA, not availa
cyclophosphamide; Ant, antimalarial; M, mycophenolate; P, pento
o the research topic were excluded, the full report of all
remaining studies was reviewed. Subsequently, articles
that did not fulfill all the selection criteria were excluded
and a table with the reasons for exclusion was produced.
In addition, a hand search was made through the refer-
ence lists of the included articles. When the full report was
not available, the author was contacted. Information from
the author was obtained in 3 of 8 publications.

Data Extraction and Analysis

Publication details, characteristics of the patients and the
treatments, outcome, and adverse events were extracted.
Efficacy was recorded according to clinical, radiological,
respiratory function parameters, analytical, or histological
parameters; safety was recorded as the number of serious
adverse events in total and by type.

Study quality was evaluated by a modification of the
Oxford Levels of Evidence (LE) table. A qualitative anal-
ysis of the data was performed and supported by evidence
tables. Detailed assessment of the heterogeneity in studies
was also performed and meta-analysis was proposed only

linical Trials and Case Series of Sarcoidosis Treated with

%
Women Age

Time of Disease
(mo)

55.9 47.8 82.8
88.8 NA NA
61.5 46.7 NA

50.0 47.7 NA

20.0 56.2 NA
90.0 37.2 110.4

50.0 51.00 144.0
58.0 44.0 108.0

50.0 43.6 48.0
85.7 46.8 50.2
71.4 43.2 56.7

60.0 43.0 NA

75.0 56.0 103.0

25.0 35.7 NA

58.8 49.3 NA
75.0 42.7 98.4

: steroids; Mtx, methotrexate; A, azathioprine; C, cyclosporine; Cy,
e; Th, thalidomide.
d in C

ble; ST
if the heterogeneity allowed it.
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RESULTS

Descriptive Study

Eight patients with sarcoidosis receiving treatments with TNF
antagonists have been registered in BIOBADASER 00 (Table
1,details are available ina table as supplementarymaterial, avail-
able at http://www.semarthritisrheumatism.com). All fulfilled
the selection criteria. Six patients were women, and they
had a mean age of 43 years at treatment (range 21-59
years). The median time from diagnosis to treatment was
6 years (2 months to 15 years). Four (50%) presented
uveitis; 2 (25%) were ANA positive, and 2 (25%) had a
positive skin test for tuberculosis. Seven patients were
treated with infliximab (IFX) and 1 with etanercept
(ETN), which was switched to IFX for inefficacy. Mean
treatment duration was 23 months (1-55 months). The
reasons for discontinuation of treatment were serious AEs
in 2 cases (22%), inefficacy in 2 (22%), and complete
clinical response in 2 (22%). In 3 patients, treatment is
still ongoing (33%).

A total of 18 AEs occurred in 6 patients; 8 infections (5
respiratory infections, 1 herpes zoster, 2 gastrointestinal
infections), 6 ocular manifestations (2 uveitis, 1 keratitis,

Table 3 Continued

Prior Treatments to the TNF Antagonists

%ST
%

DMARD DMARD/%

NA NA NA
NA NA NA
NA NA Mtx 61.5; A 15.3; Ant 23.0;

P 7.6

90.0 80.00 Mtx 40.0; A 40.0; Ant 30.0

100.0 NA NA
60.0 50.0 Mtx 10.0; A 10.0; Ant 30.0;

Th 10.0
100.0 NA NA
98.7 NA NA

100.0 91.7 Mtx 83.3; Ant 8.3
100.0 42.8 A 28.5; Cy 14.2; Ant 14.2

NA NA NA

100.0 100.0 Mtx 100.0; A 20.0; C 40.0;
Ant 60.0

75.0 100.0 Mtx 83.3; A 25.0; Ant 83.3;
P 8.3; Th 16.6

100.0 100.0 MTX 75.0;A 100.0;Cy 25.0;
Ant 25.0

NA NA NA
62.5 75.5 Mtx 50.0; A 25.0
1 conjunctival hemorrhage, 1 retinal detachment, and 1
glaucoma), 1 acute respiratory insufficiency in a patient
with interstitial lung disease, 1 relapse of disease, and 2
disease progression (1 with a grade IV sarcoidosis who
died because of the progression). Eight of the 18 AEs were
considered serious.

Systematic Review

The search captured 2261 references and 28 meeting ab-
stracts. After title/abstract screening, 110 articles were re-
trieved for full text review and 69 fulfilled the inclusion
criteria (Fig. 1). One meeting abstract was also included.
A total of 41 articles were excluded after detailed review
(Table 2 lists reasons for exclusion) (17-57). A hand
search did not yield additional hits.

Three RCT reported in 5 articles (58-62)and 12 CS
were finally included in the review (Table 1) (63-74). In 2
studies patients were treated with ETN, and in the others
all patients were treated with IFX. Fifty-three case reports
were also identified: 41 with IFX, 7 with ETN, and 8 with
ADA. There were no reports with golimumab or certoli-
zumab.

In the RCT and CS, 232 patients (89.9%) were treated

Concomitant Treatments with the TNF Antagonists

Mean Doses
ST (mg/d)

%
DMARD DMARD/%

11.9 52.7 NA
15 100.0 Mtx 100.0
23.8 NA NA

NA 50.0 Mtx 30.0; A 10.0; Ant
10.0

NA NA NA
19.0 40.0 Mtx 30.0; Ant 20.0; P

10.0
NA 43.7 NA

19.4 48.0 Mtx 45.1; A 3.2; Cy
3.2; Ant 9.6; M 6.4

NA 91.7 Mtx 83.3; Ant 8.3
0.0 85.7 M 85.7

26.5 57.1 Mtx 28.5; A 7.1; Ant
7.1; Cy 14.2

25.0 80.0 Mtx 60.0; C 20.0; Ant
20.0

NA NA NA

NA NA NA

0.0 0.0 0.0
NA 75.5 Mtx 50.0; A 25.0
%ST

91.4
55.5
69.2

90.0

NA
50.0

81.2
97.0

75.0
0.0

78.5

40.0

NA

NA

0.0
62.5
with IFX and 26 (10.0%) with ETN. One hundred forty-

http://www.semarthritisrheumatism.com


8 Efficacy and safety of TNF antagonists in sarcoidosis
Table 4 Efficacy of TNF Antagonists in Sarcoidosis by Organ Involvement and Agent

Organ
Involvement Drug Study (n) Results (Treatment Group vs Placebo)

Systemic n � 95 Infliximab Baughmana (n �
89) (58)

● ePOST (w24): 2.09 vs 3.70 (P � 0.019)b (59)

Aguiar (n � 2) (63) ● Clinical improvement 2/2 (Phy)
Panselinas (n � 1)

(70)
● Clinical improvement 2/2 (Phy)
● Deterioration after discontinuation 1/1 in 0.5 mo

Pritchard (n � 1)
(71)

● Clinical improvement 1/1 (Phy)

Saleh (n � 2) (72) ● Clinical improvement 2/2 (Phy)
Lung n � 170 Infliximab Baughmana (n �

93) (58)
● % improvement in CVF (w24): 2.5% vs 0.0% (P � 0.038)
● SGRG total score: �3.7 vs �4.5 (w24) and �3.1 vs �2.4

(w52)c

● Borg’s CR10 dyspnea score: �0.1 vs 0.2 (w24) and 0.3 vs
0.7 (w52)c

● 6-MWD: 7.6 vs �19.9 (w52) (P � 0.019)
● Chest radiograph R-score: �0.87 vs 0.17 (w6) (P � 0.01)

and �0.94 vs 019 (w24) (P � 0.01)
Rossmana (n � 13)

(62)
● �VC (w6): 15.22 vs 8.39c

● 15% improvement in VC (w6): 2 vs 0c

● Transitional Dyspnea Index (w6): 2.17 vs 2.08 (P NA)
● Improvement in chest X-ray(w6): 23.00% vs 0.0% (P NA)
● SF-36 (w6): 27.11 vs 26.4c

● �VC of treated group(baseline to w6) combined with the
increase in CV of placebo group (w6 to 12):
improvement in VC (P � 0.02)

Aguiar (n � 4) (63) ● Clinical improvement 4/4 (Phy)
● Improvement in thoracic TC scan (n � 3) 3/3
● Improvement in VC (n � 3) 3/3

Crouser (n � 5)
(64)

● �VC � 10%: 3/5

Hostettler (n � 5)
(66)

● �VC � 10%: 1/5
● Mean improvement in FVC, %P: 6%

Jounieaux (n � 17)
(67)

● Improvement 11/17

Keijsers (n � 12)
(68)

● Clinical improvement 10/12 (Phy)
● Improvement in chest X-ray 6/12
● Improvement in FVC in 10/12 (mean � �5.4%)
● PET: normalized 4/12, improvement 4/12, not change

4/12
Panselinas (n � 1)

(70)
● Clinical improvement 0/1 (Phy)
● Deterioration after discontinuation 0/1

Pritchard (n � 1)
(71)

● Clinical improvement 1/1 (Phy)
● Improvement in thoracic TC scan 1/1

Saleh (n � 2) (72) ● Clinical improvement (n � 2) 2/2 (Phy)
● Improvement in CVF (n � 1) 1/1

Etanercept Utz (n � 17) (74) ● Primary endpoint 5/17
● 11 failure (5 at 3 mo, 1 at 6 mo, 1 at 9 mo and 4 at 12

mo)
● Improvement in physical (P � 0.17) or mental (P � 0.15)

composite scores (SF-36)c

Eyes
n � 17

Infliximab Crouser (n � 1)
(64)

● Clinical improvement 1/1 (Phy)

Doty (n � 1) (65) ● Improvement in ophthalmologic evaluation 1/1
Jounieaux (n � 3)

(67)
● Improvement in ophthalmologic evaluation 2/3

Pritchard (n � 2)
(71)

● Clinical improvement 2/2 (Phy)
Saleh (n � 1) (72) ● Improvement in VA 1/1
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Table 4 Continued

Organ
Involvement Drug Study (n) Results (Treatment Group vs Placebo)

Etanercept Baughmana (n � 9)
(61)

● Number of patients with oral steroids 3 vs 2, topics 7 vs
7, and periocular 3 vs 2c

● Ophthalmology global assessment 2 vs 3c

● Median poststudy VA 20/25 vs 20/25c

Skin
n � 51

Infliximab Baughmana (n �
19) (58)

● LuPGA (w24): 4/13 vs 1/5c (60)

Aguiar (n � 5) (63) ● Clinical improvement 5/5 (Phy)
Crouser (n � 1)

(64)
● Clinical improvement 1/1 (Phy)

Doty (n � 6) (65) ● Clinical improvement 6/6 (Phy)
Hostettler (n � 4)

(66)
● Clinical improvement 4/4 (Phy)

Jounieaux (n � 9)
(67)

● Improvement in �50% of skin lesion: 6/9

Panselinas (n � 4)
(70)

● Clinical improvement 3/4 (Phy)
● Deterioration after discontinuation 3/4 in 3 mothsd

Saleh (n � 3) (72) ● Clinical improvement 1/1 (Phy)
Heart

n � 8
Infliximab Crouser (n � 3)

(64)
● �VEF � 10%: 3/3

Hostettler (n � 1)
(66)

● Clinical improvement 1/1 (Phy)

Jounieaux (n � 4)
(67)

● Improvement in cardiac MRI: 3/4

Bone
N � 6

Infliximab Doty (n � 1) (65) ● Clinical improvement 0/1 (Phy)
● Improvement in spine MRI 1/1

Jounieaux (n � 3)
(67)

● Clinical improvement 2/4 (Phy)

Panselinas (n � 1)
(70)

● Clinical improvement 1/1 (Phy)
● Deterioration after discontinuation 1/1 in 2 mo

Saleh (n � 1) (72) ● Clinical improvement 1/1 (Phy)
● Improvement in bone TC scan 1/1

Liver
N � 8

Infliximab Aguiar (n � 2) (63) ● Improvement in liver enzymes 0/2

Doty (n � 1) (65) ● Improvement in liver enzymes 1/1
Jounieaux (n � 4)

(67)
● Improvement in liver enzymes 2/4

Saleh (n � 1) (72) ● Improvement in liver enzymes 1/1
Muscle

n � 3
Infliximab Doty (n � 1) (65) ● Clinical improvement 1/1 (Phy)

● Improvement in lower extremity MRI 0/1
Jounieaux (n � 1)

(67)
● Clinical improvement 0/1 (Phy)

Panselinas (n � 1)
(70)

● Clinical improvement 1/1 (Phy)
● Improvement in muscle MRI 1/1
● Deterioration after discontinuation 1/1 in 13 mo

Brain
n � 38

Infliximab Aguiar (n � 3) (63) ● Clinical improvement 2/3 (Phy)
● Improvement in brain MRI 2/2 (1 patient NR)

Doty (n � 1) (65) ● Clinical improvement 1/1 (Phy)
● Improvement in brain MRI 1/1

Hostettler (n � 6)
(66)

● Clinical improvement 6/6 (Phy)

Jounieaux (n � 8)
(67)

● Improvement in clinical and/or brain MRI 4/8

Moravan (n � 7)
(69)

● Clinical improvement 7/7 (Phy)
● Improvement in brain MRI 7/7

Panselinas (n � 6)
(70)

● Clinical improvement (n � 4): 3/4 (Phy)
● Improvement in brain MRI (n � 3): 3/3

● Deterioration after discontinuation 6/6 in 6.8 mod
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two (55%) were women with a mean age at the start of
treatment of 42 years (range, 35-56). The average disease
duration was 7 years (range, 4 - 12), and the mean follow-up
of the treatment was 15 months (range, 2-36). Table 3 shows
the characteristics of patients and treatments.

In general, the studies presented low LE (table 1) and
high heterogeneity in the design and outcomes across
studies. Few studies were controlled. Three studies were
randomized, double-blind controlled clinical trials with
LE of 2. All others but 1 open-label, uncontrolled pro-
spective trial graded as LE 3-4 (74) were descriptive stud-
ies with LE of 4.

One RCT on pulmonary (58) and systemic (59) sar-
coidosis with IFX for 52 weeks reported a modest but
significant improvement in vital pulmonary vital capacity
(VC) at 24 weeks. However, in another RCT with 2 in-
fusions of IFX in pulmonary sarcoidosis no significant
improvement was found at 6 weeks (62). In the open-
label phase of this study, patients were treated with IFX
for 14 weeks, and improvement of vital capacity was dem-
onstrated at 14 weeks. One open-label, uncontrolled pro-
spective trial with ETN in pulmonary sarcoidosis showed
no improvement, with more than 60% of patients failing
to treatment (74). Clinical improvement in patients with
pulmonary sarcoidosis was reported in CS but results of
improvement in VC were variable.

One RCT in ocular sarcoidosis treated with ETN did
not report significant improvement (Table 4) (61).

All patients with treated systemic sarcoidosis improved.
n cutaneous sarcoidosis more than 80% of patients pre-
ented improvement in CS but no significant improve-
ent was reported in 1 RCT (60). All patients with neu-

osarcoidosis (94.7%) except 2 presented clinical or brain
RI improvement. In ocular sarcoidosis 85.7% pre-

ented improvement in some outcome. Other organ in-
olvements were less frequent: in muscle sarcoidosis,
00.0% improved; in cardiac sarcoidosis, 87.5% im-
roved; in bone sarcoidosis, 66.7% improved; and in he-
atic sarcoidosis, only 50.0% improved.
Among the articles that fulfilled the selection criteria, a

Table 4 Continued

Organ
Involvement Drug Study (n)

Pritchard (n � 1)
(71)

Saleh (n � 2) (72)

Santos (n � 4) (73)

Phy, evaluated by a physician; w, weeks; MRI, magnetic resonance
not available; �VC, increase improvement in vital capacity; �VEF,
aClinical trial.
bData published in other report (Judson et al).
cNot significant.
dMean deterioration time.
otal of 53 corresponded to case reports. A total of 62
patients received 67 treatments with TNF antagonists.
Five patients had received more than 1 TNF antagonists.
The 67 treatments were reported in systemic (16), cuta-
neous (11), pulmonary (3), bone (7), cardiac (5), ocular
(4), renal (3), sinus (3), and neurologic sarcoidosis (15).
Fifty-seven (83.2%) treatments were reported as success-
ful. The reasons for discontinuation in 29 treatments were
inefficacy in 5 (7.5%), AE in 6 (9.0%), remission in 12
(18.1%), and other reasons in 6 (9.0%) (details published
online in supplementary data found at http://www.
semarthritisrheumatism.com).

In RCT and CS, 134 AEs were reported, 54 being
serious AEs. The mean weighted rate (MWR) of AEs was
39.9 per 100 patients-years. Seventy-six infections were
reported, with a MWR of 22.1 per 100 patients-years,
and with 24 serious infections with a MWR of 5.9 per 100
patients-years. Six malignancies with a MWR of 1.0 per
100 patient-years, 2 disease progressions, and 2 deaths (1
“abdominal bleed” and 1 pulmonary infection) were also
described (Table 5).

DISCUSSION

In the present work, we have evaluated the safety, efficacy,
and effectiveness of TNF antagonists in patients with sar-
coidosis. We have found that there is insufficient evidence
to ensure the efficacy of TNF antagonists in sarcoidosis,
yet IFX may be moderately effective in selected manifes-
tations of the disease.

Our study has several limitations. First, there was high
heterogeneity in the reviewed studies. This heterogeneity
of RCTs and CS was in both the design and the outcomes
leading to difficulties in the synthesis of evidence and
interpretation of results. Second, sarcoidosis presents a
large number of organ involvements. The number of pa-
tients included in RCT and CS was low and this also
limited the evaluation of the efficacy of the therapy in
these patients. Finally, pathogenesis and the degree of
involvement in the different organs are variable and could
affect the impact of treatment. No clear definition of these

Results (Treatment Group vs Placebo)

linical improvement 1/1 (Phy)
mprovement in spinal MRI 1/1
linical improvement 2/2 (Phy)

mprovement in brain MRI or TC scan 2/2
linical improvement 4/4 (Phy)

mprovement in brain MRI (n � 1) 1/1

g; CT, computed tomography; n, number of treated patients; NA,
e improvement in ventricular injection fraction.
● C
● I
● C
● I
● C
● I

imagin
increas
variables was included or stratified in the reviewed articles.

http://www.semarthritisrheumatism.com
http://www.semarthritisrheumatism.com
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J.R. Maneiro et al. 11
The strength of our study is the report of safety. In the
safety analysis, we use weighted rates to facilitate compar-
ison with safety in other clinical conditions.

Chronic pulmonary manifestations of sarcoidosis are
troublesome, and on occasion, resistant to the treatment
with steroids. Different results were reported in RCT
with IFX in pulmonary sarcoidosis. In 1 RCT, standard
administration of IFX improved pulmonary VC at 24
weeks (58). In the other RCT, VC at 6 weeks did not
mprove VC (62). However, in the open phase of this
tudy improvement was seen at 14 weeks. It may be that
he cause of low VC in the studies was different, or alter-
atively long-term treatment with IFX is required as in
any other immune-mediated chronic inflammatory

onditions. In support, in around 65% of CS in lung
isease improvement of lung VC was reported. Neverthe-

ess, progression of pulmonary diseases has been reported
n other conditions treated with TNF antagonists (75). In

other than pulmonary disease, no RCTs were reported.
In lupus pernio, no significant improvement was re-
ported in 1 RCT with IFX, yet this study was not
designed to evaluate this outcome (60). A variable im-
provement of cutaneous, neurologic, hepatic, cardiac,
bone, muscle, and ocular sarcoidosis was reported in a
high percentage of reports of patients treated with IFX.
This could merely reflect the bias to report positive
results of new therapies.

In contrast with the result reported with IFX, no im-
provement was reported with ETN in RCT and CS. TNF
seems to play an important role in the pathogenesis of
granulomatous diseases. Interestingly, a lack of effective-

Table 5 Safety of TNF Antagonists in Patients with Sarcoid

Drug Study (yr) Total AR

Infliximab Clinical trial n (AR/N*t
Baughman (2006) (58) 80 (0.79)a

Rossman (2006) (62) 12 (1.17)a

Case series n (AR/N*t
Aguiar (2009) (63) 11 (0.68)
Crouser (2010) (64) 0 (0.0)
Doty (2005) (65) 3 (0.27)
Hostettler (2011) (66) 3 (0.07)
Jounieaux (2010) (67) 13 (0.20)
Moravan (2009) (69) 2 (0.10)
Pritchard (2004) (71) 1 (NA)
Saleh (2006) (72) 5 (0.13)
Santos (2010) (73) 0 (0.0)
BIOBADASER 18 (0.40)

Etanercept Clinical trial n (AR/N*t
Baughman (2005) (61) 2 (0.44)

Case series n (AR/N*t
Utz (2003) (74) 2 (0.09)

AR, adverse reaction; N, number of treated patients; t, time of fol
aNo significance difference with control group.
bSignificant difference with control group.
ness of ETN in granulomatous diseases is common (76- c
78). Currently, disintegration of established granuloma
by the monoclonal antibodies but not ETN is suggested.
Differences in the affinity of monoclonal antibodies and
ETN for soluble compared with transmembrane TNF
seem to be at play. Monoclonal antibodies inhibit both
TNFp55 and TNFp75, whereas ETN only partially in-
hibits TNFp75-mediated signaling (79,80). In a murine
model of TB infected with Mycobacterium tuberculosis,
neutralizing TNF with a monoclonal antibody results in
disintegration of previously formed granulomas (81).
Also, substantial protection against microbacterial infec-
tion was also reported in transgenic mice expressing only
the transmembrane TNF signaling pathway (82). Over-
ll, monoclonal anti-TNF antibodies may be effective in
he therapy of this sarcoidosis but not the TNF receptor
TN.
In 2 RCT with IFX, no significance differences in AEs

ere reported compared with the control groups. In the
ther RCT a significance difference (31% vs 17%) in
erious AEs were reported (62). In BIOBADASER, more
Es and specific reactions in off-label use (including sar-
oidosis) than in approved indications of TNF antago-
ists were reported (83). Herein, MWR of AEs in sarcoid-
sis is similar to BIOBADASER in rheumatoid arthritis
nd higher than in psoriatic arthritis and ankylosing spon-
ylitis (83). Numerically the infections and malignancies
ere higher than in BIOBADASER (84) and other regis-

ries (85). However, the wide confidence interval pre-
ents a solid conclusion. In our case series, there were a
igh number of ocular AEs, although this was not con-
rmed by others. Nevertheless, the appearance of sar-

eated with TNF Antagonists

Serious AR
n (%)

Total Infections
n (%)

Serious Infections
n (%)

n (AR/N*t) n (AR/N*t) n (AR/N*t)
21 (0.20)a 54 (0.53) 10 (0.09)
4 (0.39)b 9 (0.88) 4 (0.39)
n (AR/N*t) n (AR/N*t) n (AR/N*t)
5 (0.31) 3 (0.18) 2 (0.12)
0 (0.0) 0 (0.0) 0 (0.0)
2 (0.18) 1 (0.09) 0 (0.0)
2 (0.05) 0 (0.0) 0 (0.0)
7 (0.10) 6 (0.09) 5 (0.07)
0 (0.0) 1 (0.05) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
3 (0.08) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
8 (0.18) 8 (0.18) 3 (0.06)
n (AR/N*t) n (AR/N*t) n (AR/N*t)
0 (0.0) 2 (0.44) 0 (0.0)
n (AR/N*t) n (AR/N*t) n (AR/N*t)
2 (0.09) 0 (0.0) 0 (0.0)

(yr); IR, infusion reactions; NA, not available.
osis Tr

)

)

)

)

low-up
oidosis following therapy of rheumatoid arthritis with
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TNF antagonists has been reported (57). Whether
these cases of eye inflammation reported here represent
reactivation of the disease induced by the TNF antag-
onists or otherwise remains unsettled. On the whole,
IFX and ETN in the treatment of sarcoidosis are ac-
companied by a larger number of AEs than in other
approved indications.

In summary, there is insufficient evidence to ensure the
efficacy of TNF antagonists in sarcoidosis. However, IFX
produces a moderate improvement in selected manifesta-
tions of the disease. Therefore, before starting treatment
of sarcoidosis with TNF antagonists, a careful evaluation
of the benefit/risk ratio must be considered on an individ-
ual basis.
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APPENDIX 1

The BIOBADASER 2.0 Study Group includes the fol-
lowing: Agustí Sellas, Basilio Rodríguez y Mireia Barceló
(Ciudad Sanitaria Vall d’Hebron); Laura Cebrián, María
Montoro (Hospital Gregorio Marañon); Dolores Mon-
tesinos (Hospital Universitario Virgen Macarena); Eva
Pérez-Pampín (Hospital Clínico Universitario de Santi-
ago); Ana Ma Ortiz (Hospital Universitario de La Prin-
cesa); Fred Antón, Antonio Zea (Hospital Ramón y Ca-
jal); Francisco Javier Manero Ruiz, Chesús Beltrán,

Table 5 Continued

Malignancies
n (%)

Progression
n (%)

Ocular n
(%)

n (AR/N*t) n (AR/N*t) n (AR/N*t)
2 (0.01) 1 (0.01) NA
0 (0.0) 0 (0.0) 1 (0.09)
n (AR/N*t) n (AR/N*t) n (AR/N*t)
0 (0.0) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
1 (0.09) 0 (0.0) 0 (0.0)
0 (0.0) 1 (0.02) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
1 (0.02) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 0 (0.0)
0 (0.0) 2 (0.04) 6 (0.13)
n (AR/N*t) n (AR/N*t) n (AR/N*t)
0 (0.0) 0 (0.0) 0 (0.0)
n (AR/N*t) n (AR/N*t) n (AR/N*t)
2 (0.09) 0 (0.0) 0 (0.0)
Eugenio Giménez Úbeda, Fernando Jiménez Zorzo, Jesús
Marzo, Marta Medrano, Ángela Pecondón (Hospital
Universitario Miguel Servet); Ma Victoria Hernández,
Raimon Sanmartí, Juan D Cañete (Hospital Clinic I Pro-
vincial); Carlos Rodríguez Lozano, Antonio Naranjo,
Soledad Ojeda, Félix Francisco Hernández, Celia Eraus-
quin, Íñigo Rúa (Hospital de Gran Canaria Dr Negrin);
Inmaculada Ureña, María Victoria Irigoyen, Laura Cano
(Hospital General Carlos Haya); Rosa Roselló Pardo,
Carlos Vázquez Galeano (Hospital General San Jorge),
Alexia de Juanes, Beatriz Joven, Javier García (Hospital 12
De Octubre); Javier Calvo, Cristina Campos (Hospital
General Universitario de Valencia), Juan José García Bor-
ras, Rosa Negueroles, Luisa Muñoz, J.L. Valero, D. Yba-
ñez (Hospital La Fe).

SUPPLEMENTARY DATA

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.semarthrit.
2011.12.006.
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