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ABSTRACT. Background: In severe refractory sarcoidosis cases not responding to conventional immunosuppres-
sive treatment, the third-line tumor necrosis factor-alpha (TNF-o) inhibitors infliximab and adalimumab might
be an alternative. However, appropriate studies to guide the clinician are lacking. The aim of this study was to
establish practical recommendations for the use of TNF-a inhibitors in the management of refractory sar-
coidosis patients. Methods: Based on a literature search and the opinion of sarcoidosis experts worldwide, the
recommendations were established. Studies conducted in sarcoidosis were supplemented with data obtained
from relevant studies in other inflammatory diseases. A Delphi method of polling, using an online survey ad-
dressing 12 clinical questions, was performed amongst 20 of the world’s leading sarcoidologists to investigate
consensus in case of inadequate data to determine an objective answer. Resu/ts: Of the 256 papers found, 101
were included. Randomized controlled trial studies about the use of TNF-a inhibitors in sarcoidosis are limit-
ed. Ninety-five percent (19 of 20) of the sarcoidologists contacted, completed the questionnaire (Europe 68%,
North America 32%). Nine recommendations were formulated concerning general aspects of TNF-o inhibitor
use; Specific sarcoidosis related items, including indications, starting and maintenance dosage, interval of treat-
ment, treatment duration, and discontinuation regimen of infliximab and adalimumab, were addressed. Conclu-
sion: Based on earlier studies and consensus amongst world’s leading sarcoidologists, practical recommendations
for the use of TNF-o inhibitors in sarcoidosis were established. These recommendations, with emphasis on in-
dications, dosage and discontinuation regimens, have been developed to support the clinician in the manage-
ment of refractory sarcoidosis patients. (Sarcoidosis Vasc Diffuse Lung Dis 2014; 31: 91-107)
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INTRODUCTION

Sarcoidosis is a multiorgan disease of unknown
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Sarcoidosis activity can lead to a wide range of disease
severity, varying from an acute disease course with min-
imal involvement to chronic disease with derangement
of organ physiology and functional impairment (1-3).
Therefore, especially in severe sarcoidosis cases, a time-
ly implementation of a potent individual treatment reg-
imen is important (1). Since sarcoidosis patients can
present to any one of a variety of organ specialists, the
therapeutic strategy followed is dependent on the expe-
rience of an individual specialist.

When systemic immunosuppressive therapy is in-
dicated, glucocorticosteroids are in general considered
the first-line therapy (4-6). However, prolonged use is
associated with significant side-effects, making gluco-
corticosteroids undesirable for chronic disease man-
agement (5, 7). In steroid-refractory cases and in the
presence of steroid-associated side-effects, second-line
disease-modifying antisarcoid drugs (DMASDs), with
usually steroid-sparing potency, are available (4, 5, 8,
9). Methotrexate (MTX) is considered the first-choice
DMASD (10, 11). Optimized use of these drugs
should be pursued (10). Nevertheless, in some sar-
coidosis patients the available first- and second-line
therapeutics do not provide the optimal result. The po-
tent pro-inflammatory tumor necrosis factor-alpha
(TNF-a) plays a critical role in the immunopathogen-
esis of sarcoidosis (2, 12-15). In refractory sarcoidosis
cases, biological TNF-o inhibitors have been intro-
duced as third-line treatment option (4, 5).

The TNF-o inhibitors infliximab and adali-
mumab have been widely used for the treatment of
inflammatory diseases, such as rheumatoid arthritis
(RA) and Crohn’s disease (16-18). Until now, only a
few studies in sarcoidosis were conducted, demon-
strating promising results (12, 19-22). Hence the
costs are considerable and substantial side-effects are
reported, optimal use of these agents in sarcoidosis is
important (23-25). In general, sarcoidosis patients
are treated by pulmonologists, who usually have less
experience with the use of TNF-a inhibitors. Fur-
ther complicating the use, evidence-based recom-
mendations for infliximab and adalimumab therapy
in sarcoidosis clinical practice are lacking.

The aim of this study was to establish practical
recommendations for the use of TNF-a inhibitors in
the management of refractory sarcoidosis patients by
integrating the evidence obtained through a system-
atic literature review and the results of a Delphi
study amongst sarcoidosis experts worldwide.

METHODS

The methods used in this study have been des-
cribed previously by our group (10). The recommen-
dations for the use of TNF-a inhibitors in sarcoido-
sis were developed in three phases.

Systematic review of the literature

The computerized literature search relied pre-
dominantly on PubMed (articles from 1989 to Oc-
tober 2013). The terms ‘sarcoidosis’ and ‘anti-TNF’,
‘anti-TNF-alpha’, “TNF-alpha inhibitors’, ‘inflix-
imab’ or ‘adalimumab’ were entered as MeSH terms
and free text. Only original research published in
English was reviewed. Review papers were used to
identify additional studies missed by the database
search. Data specifically relating to sarcoidosis were
supplemented with the data obtained from relevant
studies in other inflammatory diseases, with specific
emphasis on rheumatic disorders and inflammatory

bowel disease (IBD).
Delphi study amongst sarcoidologists worldwide

As sufficient high-quality studies on the use of
infliximab and adalimumab in sarcoidosis are scarce,
a Delphi method of polling was used to investigate
consensus in situations where there are inadequate
data to determine an objective answer. An online
web-based questionnaire was sent by e-mail to 20 of
the world’s leading sarcoidosis experts. The ques-
tionnaire addressed some aspects specifically related
to sarcoidosis, including indications for use, starting
and maintenance dosage, interval of treatment,
treatment duration, and discontinuation regimen of
infliximab and adalimumab, and general aspects, in-
cluding work-up and contra-indications prior to the
start of the TNF-o inhibitors, use during pregnan-
cy and breast feeding, prevention of antidrug anti-
body formation, management of infusion reactions,
monitoring during use, vaccination and traveling.
Questions concerning the experts’ clinical experi-
ence with both infliximab and adalimumab were ad-
dressed as well. Consensus was considered to be
achieved when at least 70% of respondents agreed to
an answer (26).
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Establishing the recommendations

The information gathered during phases 1 and
2 was combined to formulate the recommendations.
They were divided into recommendations for the
use of TNF-a inhibitors specifically targeting sar-
coidosis and for general use. Proposals were dis-
cussed via e-mail, phone and videoconference to
reach agreement and finalize each of the recom-
mendations.

ResuLTs
Findings of the literature review

The literature search identified 256 citations of
potential interest. We screened each title and ab-
stract for relevance resulting in the exclusion of 93
papers, as the TNF-o inhibitors had been used for
nonsarcoidosis conditions (24 papers) or the TNF-
a inhibitors had been used in a different context (69
papers). Sixty-two studies were review papers,
whereas 101 original papers were retrieved and con-
sidered further for full review. Checking the refer-
ences in review papers yielded no additional original
studies. Included were four randomized controlled
trials (RCTs), two discontinuation studies, one
polymorphism study, 12 case series involving 10 or
more patients and 82 case reports involving fewer
than 10 patients, examining the effectiveness of
TNF-a inhibitor treatment in sarcoidosis. Study
characteristics and results for the most relevant
studies are presented in Appendix 1. Summarizing
the available studies, it can be concluded that the
number of RCTs supporting the use of TNF-a in-
hibitors in sarcoidosis is limited and most of the
published data were observational case series.

Findings of Delphi study

A total of 19 of 20 (95%) of the world’s leading
sarcoidologists completed the questionnaire. Char-
acteristics of the respondents are presented in Table
1. Most experts are working as pulmonologists or
rheumatologists in countries in Europe (68% of re-
spondents) and North America (32%). All sarcoidol-
ogists have experience with TNF-a inhibitors in the
management of refractory sarcoidosis patients, 77%
of them prescribing TNF-o inhibitors to five or
more sarcoidosis patients a year. Experts reported to
prescribe infliximab as an immunosuppressant in
7.2% (mean, range 0-25%) and adalimumab in 4.2%
(mean, range 0-25%) of their total sarcoidosis popu-
lation treated.

Specific sarcoidosis related items gathered from
the experts are summarized in Table 2. Seventeen
sarcoidologists (89%) had experience with inflix-
imab prescription and 17 experts (89%) with adali-
mumab. The majority of experienced experts (83%)
used an infliximab dosage of 5 mg/kg. All reported
to use the 0-2-6 weeks induction regimen and 77%
used a maintenance dosing frequency of every 4 or
6 weeks, with a predominance for the 4 weeks in-
terval. The mean response rate for infliximab, re-
ported by the experts, administered every 4 weeks
was 78% (range 70-85%), and administered every 6
weeks 68% (range 65-75%). The induction regimen
for adalimumab dosing used by the experienced ex-
perts was very divers. However, a preference seemed
to be present for a dosage of 40-80 mg in week 0, 40
mg in week 1 and 40 mg in week 2. The majority
(71%) of the respondents reported to use a mainte-
nance schedule of adalimumab of 40 mg once every
week, whereas most remaining experts used the 40
mg every other week regimen. The mean reported
response rate for adalimumab used in a frequency
once every week was 63.8% (range 50-75%), where-

Table 1. Summary of characteristics of sarcoidosis experts who participated in this study

Number of respondents 19/20 (95.0%)
Pulmonologist/theumatologist/internist 84.2/10.5/5.3%
Continent: Europe/North America 68.4/31.6%
Working experience: 0-10/10-20/>20 years 26.3/31.6/42.1%
Average number of sarcoidosis patients treated 0/26.3/42.1/31.6%

with TNF-a inhibitor: none/1-5/5-25/>25 a year

TNF-0, tumor necrosis factor-alpha.
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Table 2. Expert opinion amongst sarcoidologists, based on questionnaire answers, for recommendations specifically targeting sarcoidosis

Dosing

Infliximab Adalimumab

Dosage Induction regimen Maintenance regimen

-5 mg/kg body weight 15/18 (83.3%)  Week O -40 mg every week 12/17 (70.6%)

-3 mg/kg body weight 2/18 (11.1%) -120mg  2/17 (11.8%) -40 mg every 2 weeks 4/17 (23.5%)

-Depending on response 1/18 (5.6%) -80 mg 6/17 (35.3%) -Depending on response  1/17 (5.9%)
-40 mg 9/17 (52.9%)

Induction regimen Week 1

-Week 0, 2, 6 18/18 (100%) -120mg  1/17 (5.9%)
-80 mg 3/17 (17.6%)

Maintenance regimen -40 mg 10/17 (58.8%)

-Every 4 weeks 7/17 (41.2%) -0 mg 3/17 (17.6%)

-Every 6 weeks 6/17 (35.3%) Week 2

-Every 8 weeks 3/17 (17.6%) -80mg  2/17 (11.8%)

-Depending on response 1/17 (5.9%) -40mg  15/17 (88.2%)

Treatment duration

When stable disease before When primary effectiveness

considering discontinuation before considering discontinuation

-2 years 1/19 (5.3%) -6 months 13/18 (72.2%)

-1 years 4/19 (21.1%) -3 months 2/18 (11.1%)

-6 months 8/19 (42.1%) -Other 3/18 (16.7%)

-No minimum duration 5/19 (26.3%)

-Other 1/19 (5.3%)

Discontinuation

Infliximab Adalimumab

-Prolonging interval 12/17 (70.6%)  -Prolonging interval between 2 doses to 5/17 (29.4%)

between 2 doses to 5 weeks, once every 10 days, once every 2 weeks,

6 weeks, 8 weeks, and all during 3 months, and stop thereafter

12 weeks, all during 3 doses, -Prolonging interval between 2 doses 7/17 (41.2%)

and stop thereafter to once every 2 weeks during 3 months

-Decreasing dosage without ~ 3/17 (17.6%) and stop thereafter

interval change -Decreasing dosage without interval change 2/17 (11.8%)

-Other 2/17 (11.7%) -Stop at once 1/17 (5.9%)
-Other 2/17 (11.8%)

as the mean response rate for an administration fre-
quency of once every 2 weeks was 46.7% (range 30-
60%). With regard to the discontinuation regimen
of infliximab, the majority of experts (71%) agreed
with the gradual prolongation of the dosing inter-
val, while continuing the dosage unchanged. Seven-
ty-one percent applied gradual prolongation of the
interval when discontinuing adalimumab, using ei-
ther a one- or two-step tapering regimen.

Table 3 indicates the questionnaire answers
concerning the general items. There was at least

70% agreement amongst experts for most issues in
general clinical practice. However, less agreement
was found regarding the use of preventive vaccina-
tions, the method of treatment of infusion reactions,
and on the consideration of planned pregnancy be-
ing a contraindication for TNF-a inhibitor therapy
in men. To prevent antidrug antibody formation,
MTX was more frequently used compared with glu-
cocorticosteroids.
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Table 3. Expert opinion amongst sarcoidologists, based on questionnaire answers, for the general recommendations

Pre-administration work-up

Vaccination

-IGRA test 19/19 (100%) ~Vaccines made of live, attenuated 17/18 (94.4%)
-Chest radiograph 19/19 (100%) microorganisms discouraged

-Treatment TB after positive screening 14/19 (73.7%) -Influenza vaccination 12/18 (66.7%)
-Hepatitis B serology 16/19 (84.2%) -Pneumococcal vaccination 8/18 (44.4%)
-Hepatitis C serology 12/19 (63.2%) -Hepatitis B vaccination 5/18 (27.8%)
-HIV serology 7/19 (36.8%)

-Malignancy screening 7/19 (36.8%)

Contraindications Treatment infusion reaction

-TB infection 16/19 (84.2%) -Mild: decreasing infusion velocity 14/18 (77.7%)
-Opportunistic infection 18/19 (94.7%) -Hydrocortisone, paracetamol/ acetaminophen, 10/18 (55.6%)
-Serious bacterial infection or treated 19/19 (100%) clemastine, and when indicated adrenaline

with antibiotics -Permanent discontinuation TNF-o inhibitor 12/18 (66.7%)

-Upper airway infection 11/19 (57.9%) -Premedication for next infusion 11/18 (61.1%)
-Non-healing ulcer of the skin 8/19 (42.1%) -Maintenance dosage of GC 2/18 (11.1%)
-Active fungus infection 19/19 (100%)

-Active Herpes Zoster infection 18/19 (94.7%)

-Hepatitis B 15/19 (78.9%)

-Hepatitis C 13/19 (68.4%)

-Heart failure NYHA class III/IV 15/19 (78.9%)

-Malignancy <5 years ago 15/19 (78.9%)

-Malignancy at present 19/19 (100%)

Contraindication in (planned) pregnancy Monitoring

-In women 18/19 (94.7%) -Every 1-3 months after start 18/18 (100%)
-In men 10/19 (52.6%) -Every 3-6 months thereafter 15/18 (83.3%)
Prevention of antidrug antibody formation Traveling abroad

-Use of MTX 17/18 (94.4%) -Discouraged to countries without 16/18 (88.9%)
-Use of GC 9/18 (50.0%) medical/sanitary supplies

GG, glucocorticosteroids; IGRA, interferon-gamma release assay; MTX, methotrexate; NYHA, New York Heart Association; T'B, mycobacterium tuberculosis;

TNF-a, tumor necrosis factor-alpha

Discussion

Based on earlier studies and the results of a Del-
phi study amongst the world’s leading sarcoidolo-
gists, practical recommendations for the use of
TNF-a inhibitors in sarcoidosis were established.
These recommendations are summarized in tables 4
and 5 and have been developed to support the clini-
cian in the management of refractory sarcoidosis pa-
tients.

RECOMMENDATIONS WITH AN APPROACH SPECIFIC
FOR SARCOIDOSIS

Effectiveness

In Crohn’s disease and RA, both infliximab and
adalimumab have been proven efficacious in induc-
ing short-term clinical remission (27-32). Timely in-
troduction of TNF-a inhibitor treatment can lead to
a greater likelihood of control of symptoms and pre-

vention of serious organ damage resulting in a more
favorable outcome (27-29, 33). The short term effi-
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Table 4. Recommendations for the use of TNF-a inhibitors specifically targeting sarcoidosis*

Recommendation

Dosage

- Infliximab: Intravenous infusion of a dosage of 5 mg/kg at week 0, 2, 6 and every 4 weeks thereafter is recommended; consider other
maintenance dosages depending on disease activity.

- Adalimumab: Subcutaneous administration at a dosage of 80-160 mg at week 0, 40 mg at week 1, and 40 mg once every week thereafter,
is recommended; consider other maintenance dosages depending on disease activity.

Discontinuation

In case of severe uncontrolled side-effects; primary ineffectiveness during 3-6 months of treatment; secondary ineffectiveness due to anti-
body formation; or stable disease during treatment with a TNF-a inhibitor for at least 6-12 months, discontinuation should be considered.

- Infliximab: Discontinuing infliximab because of stable sarcoidosis, gradually prolonging the interval between 2 doses to 5 weeks (during
3 doses), 6 weeks (during 3 doses), 8 weeks (during 3 doses), 12 weeks (during 3 doses) and stop thereafter, while continuing the dosage
unchanged, is recommended.

- Adalimumab: When discontinuing adalimumab because of stable sarcoidosis for prolonged period, prolonging the interval between 2 dos-
es to once in every 10 days (during 3 months), once in every 2 weeks (during 3 months), and stop thereafter, while continuing the dosage
unchanged, is recommended.

* All recommendations apply to general situations; for every individual case, patient and disease characteristics should be taken into account. TNF-0, tumor necrosis fac-
tor-alpha

Table 5. General recommendations for the use of TNF-o inhibitors

Recommendation

Dosage

1 Before starting TNF-a inhibitors, active or latent TB infection (positive IGRA test), serious opportunistic infections, serious
bacterial infections, infections treated with antibiotics, upper airway infections with fever, active fungus infection, active herpes
zoster infection, hepatitis B/C infection, heart failure NYHA class III/IV, malignancy <5 years ago in medical history, and
malignancy at present, should be excluded.

2 TNF-a inhibitors should not be used by women for at least 2-3 months before planned pregnancy; a recommendation for the use by
men is not possible because of lack of evidence. TNF-a inhibitors should not be used during pregnancy or breast feeding; in
individual cases, use during pregnancy can be considered.

Before every administration of the TNF-a inhibitor, a current infection should be excluded

4 Elective surgeries or interventions and dentist visits should be planned in consultation with the treating physician.

To prevent antidrug antibody formation, TNF-o inhibitors should be combined with low doses methotrexate and/or
glucocorticosteroids.

6 Mild infusion reactions occurring during treatment with a TNF-o inhibitor should be treated by decreasing the infusion velocity;
serious infusion reactions with hydrocortisone, paracetamol/ acetaminophen, clemastine, and when indicated adrenaline; permanent
discontinuation of the TNF-o inhibitors should be considered. To prevent future infusion reactions, premedication for the next
infusion is recommended.

7 After the start of TNF-a inhibitors, regular monitoring is recommended every 1-3 months and once the dosage is stable every
3-6 months.

8 The use of vaccines made of live, attenuated microorganisms is discouraged, but vaccines made of killed microorganisms can be used
safely during anti-TNF-o therapy; preventive influenza, pneumococcal, and hepatitis B vaccinations before or during the use of
TNF-a inhibitors can be considered.

9 In general, traveling to countries without decent medical and sanitary supplies or for which administration of vaccines made of live,
attenuated microorganisms is necessary, is discouraged. When traveling to countries without sufficient medical supplies, the patient
should take antibiotics along. During travel, adalimumab should be transported and preserved in a cooled environment.

“In case of an infection, the TNF-0. inhibitor should at least temporarily be discontinued until all signs of the infection have disappeared. IGRA, interferon-gamma re-
lease assay; NYHA, New York Heart Association; T'B, mycobacterium tuberculosis; TNF-0, tumor necrosis factor-alpha
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cacy of TNF-a inhibitor treatment in severe refrac-
tory sarcoidosis cases has been proven (Appendix 1)
(12, 19-22, 34-77). Also in these cases, timely im-
plementation of an effective therapeutic regimen, if
necessary consisting of TNF-o inhibitors, should be
pursued to obtain low disease activity and a better
outcome. Effectiveness of infliximab and adalimu-
mab in maintaining long-term clinical remission has
been shown in Crohn’s disease and RA (27, 28, 32,
78). One study in sarcoidosis showed maintained ef-
ficacy with prolonged infliximab treatment (mean
treatment duration 46 months) (79). However, an-
other study found only 10 of 25 patients with sarcoid
eyes involvement successfully maintained on long-
term TNF-a inhibitor treatment (42). Future stud-
ies are necessary to establish if TNF-o inhibitors are
effective by bridging in active disease in order to aim
for long-term remission in sarcoidosis as well.

Indications

The indications for TNF-a inhibitor treatment
in sarcoidosis consist of its use as a third-line treat-
ment option in refractory cases with inadequate re-
sponse to or in the presence of unacceptable side-ef-
fects from first-line glucocorticosteroids and second-
line DMASDs (80). Infliximab is the most widely
studied TNF-a inhibitor in sarcoidosis. It is shown to
be effective in pulmonary sarcoidosis (12, 20, 35-38,
79), but its use has also been described for skin (19,
36,38,39,47,49,79), neurological (19, 39, 45,48, 51-
55,57, 60, 61, 64, 66-68, 70, 79), liver (19, 38, 39, 75,
79), kidney (19, 76, 77, 79), muscle (19, 39, 79), bone
(19, 38, 39, 74, 79), and eye (uveitis) (19, 36, 38, 42,
58,59, 65, 69, 79) involvement, hypercalcaemia (50),
small fiber neuropathy (46, 63), and extreme devastat-
ing fatigue (43). Its value in cardiac sarcoidosis is also
shown in case reports (19, 35, 56, 62, 69).

The use of adalimumab has especially been
shown for eye involvement (consisting of uveitis,
choroidal involvement, papillitis and macula edema)
(22, 71). Beneficial effects have been described for
patients with symptomatic lung (22), skin (21), bone
(74), and bone marrow (73) involvement and sar-
coidosis associated fatigue (22, 43, 72).

To date, etanercept is not used in sarcoido-
sis disease management. In an open label trial of pul-
monary sarcoidosis, etanercept was associated with
treatment failure (81). Furthermore, the drug failed

in an RCT investigating patients with refractory sar-
coidosis uveitis (82). These results are in line with
observations in Crohn’s disease (83).

Cardiac sarcoidosis

Initial observations suggested that inhibition of
TNF-a may favorably modify the course of heart
failure (84). However, based on the subsequent find-
ings, heart failure NYHA class IIT and IV is cur-
rently considered a contraindication for the use of
TNF-a inhibitors (30, 31), which is supported by al-
most 80% of the participating sarcoidosis experts.
Chung et al. (85) evaluated the efficacy and safety of
infliximab in 150 patients with stable NYHA class
IIT or IV heart failure and showed that TNF-o inhi-
bition adversely affected the clinical condition of
these patients. Mann et al. (86) ruled out a positive
effect of etanercept on death or hospitalization due
to chronic heart failure (NYHA class II-IV). Fur-
thermore, the occurrence of symptomatic cardiac ar-
rhythmias associated with the use of infliximab has
been reported (87, 88).

What to do with TNF-a inhibitors in pa-
tients with cardiac sarcoidosis, either with or without
consequent heart failure? In the presence of active
cardiac sarcoidosis without signs of heart failure class
IIT or IV and without responsiveness to convention-
al treatment, we recommend considering infliximab.
In case reports, infliximab is demonstrated to have
beneficial effects in cardiac sarcoidosis (19, 35, 56,
62, 69). Furthermore, 84% of sarcoidosis experts
stated to use TNF-a inhibitors in selected cases of
cardiac involvement. In the presence of active car-
diac sarcoidosis with heart failure NYHA class III or
IV, more caution is warranted. The decision to either
implement or refrain from TNF-a inhibitors should
be based on the patients’ individual circumstances. If
cardiac sarcoidosis activity is the only cause for heart
failure, infliximab can be considered (for instance
young sarcoidosis patient without relevant comor-
bidity or co-medication). If besides cardiac sarcoido-
sis activity other causes for heart failure are present,
infliximab should be considered contraindicated.

Dosing

No guidelines are available concerning dosing
of infliximab or adalimumab in sarcoidosis. Only one
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randomized controlled trial compared different
dosages of intravenous infliximab in sarcoidosis
(placebo vs. 3 mg/kg body weight vs. 5 mg/kg,
n=138) (12).No significant difference in the change
from baseline in the percentage of predicted forced
vital capacity (FVC%) between the 3 mg/kg and 5
mg/kg group was found, whereas the combined in-
fliximab group had a significant increase in the
FVC% compared with no change in placebo-treated
patients (p=0.038). Other studies and case series
used either dosages of 5 mg/kg or 3 mg/kg, but a
preference for infliximab 5 mg/kg seemed to be pre-
sent (Appendix 1) (20, 34-39, 41-43, 45-47, 49-70,
74-77, 89, 90). The majority of sarcoidosis experts
reported using an infliximab dosage of 5 mg/kg.
Guidelines and consensus statements recommend an
infliximab dosage of 5 mg/kg in IBD, ankylosing
spondylitis, psoriatric arthritis and psoriasis, and of 3
mg/kg in RA (91). Combining the available evi-
dence, infliximab infusion using a dosage of 5 mg/kg
is recommended in sarcoidosis.

The induction regimen most frequently used
in sarcoidosis literature consisted of infliximab admin-
istration in week 0, 2 and 6, which was also support-
ed by all sarcoidosis experts (Appendix 1) (12, 19, 20,
34, 36, 37, 39, 42, 43, 47, 50-58, 60-70, 89). Guide-
lines and consensus statements in IBD, RA, ankylos-
ing spondylitis, psoriatric arthritis and psoriasis, all
recommended a 0-2-6-weeks induction regimen (91).
Maintenance dosages used in the literature varied
from every 4 to 8 weeks, whereas three fourth of ex-
perts used a dosing frequency of every 4 or 6 weeks
(Appendix 1) (12, 19, 20, 34-39, 41-43, 45-70, 74-77,
89, 90). A predominance for the 4 weeks interval was
present. The mean reported response rate for inflix-
imab administered every 4 weeks was higher when
compared to the 6 weeks interval. In IBD and RA, a
maintenance dosing every 8 weeks is advised, where-
as in ankylosing spondylitis, psoriatric arthritis and
psoriasis maintenance treatment every 6—8 weeks is
recommended (91). Given the better reported results
in sarcoidosis when using the 4 weeks maintenance
interval, an infliximab induction regime at week 0, 2,
6, followed by maintenance dosing every 4 weeks is
recommended (3).

The induction regimen used in week 0 un-
til 2 for subcutaneous adalimumab was very diverse,
but most sarcoidosis experts were in favor of weekly
dosing of relatively low dosages. In Crohn’s disease a

loading dose of 160/80 mg was advised at week
0/week 2 to achieve early disease control, whereas in
rheumatic inflammatory diseases a loading dose was
not advised (18, 29, 32). Results in Crohn’s disease
show that initiating TNF-a inhibitors early in the
disease course at sufficient dosage levels, might pre-
vent serious organ damage and result in a more fa-
vorable outcome (33, 92). Following the experience
in Crohn’s disease, loading dosages of 80-160 mg at
week 0, with at least 40 mg at week 1 and 2, respec-
tively, should be considered in sarcoidosis.

The number of sarcoidosis studies using an
adalimumab maintenance dosage of 40 mg every
week versus every other week is equal (Appendix 1)
(21, 22, 34, 40-43, 72-74). Experienced sarcoidosis
experts were more likely to use the weekly dosing in-
terval. The mean reported response rate was in favor
of the weekly administration compared to the every
other week administration. This was also reported in
an expert review on TNF-o inhibitor use in sar-
coidosis (80). Guidelines in Crohn’s disease, recom-
mending the 40 mg every other week maintenance
therapy regimen, are difficult to compare with sar-
coidosis, given the higher induction dosages used
(29). In accordance with infliximab practice and giv-
en the opinion of experienced sarcoidologists, we
suggest using an adalimumab maintenance dosage of
40 mg once a week in sarcoidosis. To create a better
evidence-based foundation for dosing recommenda-
tions, future research is necessary.

Discontinuation

In case of supposedly primary ineffectiveness,
TNF-a inhibitors should be continued for at least 3-
6 months before discontinuation can be considered,
which is supported by more than 80% of sarcoidosis
experts. In rheumatic inflammatory diseases and
IBD, response is most frequently seen in the first
month of treatment, but it can also be achieved after
longer treatment duration (29, 32). In primary non-
responding patients, adjustment of dosage or admin-
istration interval or a biological agent with another
mode of action should be considered (91). In RA, it
is shown that these patients are less likely to respond
to a second TNF-a inhibitor (32). In case of sec-
ondary ineffectiveness, switch from one TNF-a in-
hibitor to another or a biological agent from anoth-
er class can be successful (32). In sarcoidosis,
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promising results have been shown for rituximab, a
chimeric monoclonal antibody that targets CD-20
cells with reduction of circulating mature B lympho-
cytes (93, 94).

An issue clinicians are struggling with is in
which sarcoidosis patients and after what treatment
duration, maintenance of clinical remission is likely
when tapering off TNF-a inhibitors. Studies in RA
have been investigating this issue aiming ‘biological
free remission’ (BFR), i.e. sustainability of remission
after a biological agent is discontinued (95, 96). The
first difficulty is the identification of patients with
stabilization of sarcoidosis disease, i.e. patients who
might be possible candidates for sustained BFR af-
ter tapering down TNF-a inhibitor treatment. To
identify these patients, a definition of response is
needed (97). Since sarcoidosis is a disease which can
affect almost every organ system and which has a
fluctuating disease course, defining exact response
criteria is difficult. Wijnen et al. (34) made a first at-
tempt how to define treatment response in sarcoido-
sis and assessed possible predictors of response. Oth-
er studies did not use standardized criteria, but de-
termined treatment effect based on evaluation by the
treating physician. Prospective studies are really
needed to establish criteria for the identification of
responders and non-responders when evaluating
pharmacological treatment. Another question is:
which period is long enough before successful with-
drawal of TNF-a inhibitors is reasonable and which
indicators can be used to establish this period?
Vorselaars et al. (89) showed that the majority of sar-
coidosis patients (29 of 47 patients, 62%) relapsed
after discontinuation of infliximab after a mean
treatment duration of 8.5 months with a median
time to relapse of 11.1 months. Panselinas et al. (98)
showed deterioration in 12 of 14 patients (86%) af-
ter discontinuation of infliximab after a mean treat-
ment duration of 4.4 months. These results suggest
that successful discontinuation only is probable after
stable disease has been reached. Sixty-three percent
of sarcoidosis experts reported that stable disease has
to be present for at least 6 to 12 months of treatment
before they considered discontinuation. In RA, rec-
ommendations suggest that a discontinuation at-
tempt should be considered in case of low disease ac-
tivity or remission for at least 6 months (99). Future
research is necessary to establish in which sarcoido-
sis patients and after what optimal TNF-a inhibitor

treatment duration, sustained BFR can be achieved.

In sarcoidosis or other chronic inflammato-
ry diseases, no recommendations are available for the
best stepwise discontinuation regimen of TNF-a in-
hibitors. When discontinuing infliximab in stable
sarcoidosis disease, we recommend, based on the ex-
pert opinion, gradually prolonging of the interval be-
tween 2 doses to 5 weeks (during 3 doses), 6 weeks
(during 3 doses), 8 weeks (during 3 doses), 12 weeks
(during 3 doses) and stop thereafter, while continu-
ing the dosage unchanged. When discontinuing
adalimumab, prolonging the interval between 2 dos-
es to once in every 10 days (during 3 months), once
in every 2 weeks (during 3 months), and stop there-
after, while continuing the dosage unchanged, is rec-
ommended. There is a risk of relapse after discon-
tinuation, often necessitating reinstitution of treat-
ment (80). When TNF-a inhibitor treatment is re-
sumed, the risk of antidrug antibody formation is
possibly higher, with consequent higher risk for loss
of response and allergic reactions during infusion
(80). A careful tapering method might trace a threat-
ening relapse while gradually prolonging the inter-
val. Prompt reinstitution of the original dosing regi-
men can avoid the occurrence of a relapse in most
cases.

(GENERAL RECOMMENDATIONS

The general recommendations are based on
guidelines and consensus statements in other chro-
nic inflammatory diseases, mainly IBD and RA (18,
30-33, 78, 92, 100). The recommendations presen-
ted do not differ from the general attitude towards
the use of TNF-a inhibitors and are according to the
clinical practice already followed by the participating
experts.

Infection prevention

Every patient should be screened for the possi-
bility of (latent) TB (31, 32, 92, 101). The use of live
attenuated vaccines is contraindicated during TNF-a
inhibitor treatment, according to available guidelines
(18, 30-33, 92). Discussion exists on the use of pre-
ventive vaccinations in patients on TNF-a inhibitors.
Two third of sarcoidosis experts stated to prescribe
yearly influenza vaccination (killed vaccine) in pa-
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tients treated with TNF-a inhibitors. However, only
44% indicated that they routinely administer pneu-
mococcal vaccinations (killed vaccine) and 28% re-
ported the completion of hepatitis B series (killed
vaccine) in patients at risk. Rheumatology and IBD
guidelines recommended annual influenza vaccina-
tion and periodic pneumococcal vaccination for all
patients receiving biological agents (30-33, 92). The
immune response to influenza and pneumococcal
vaccinations in patients receiving biologic therapies
may be attenuated, although serological protection is
adequate in most cases (30-32). The completion of
hepatitis B vaccination series was also recommended
in case of risk factors, such as a history of intravenous
drug abuse or in healthcare professionals (30-32).
Some recently updated guidelines also advise vacci-
nation for human papillomavirus (recombinant vac-
cine) before or during biological therapy and herpes
zoster vaccination (live vaccine) before starting a

TNF-a inhibitor, based on age and risk (30, 32, 100).
Other issues

Regular monitoring every 1-3 months after the
start of TINF-a inhibitors is recommended; and once
the use is stable every 3-6 months. Given the risk of
rare instances of pancytopenia, aplastic anaemia or
abnormal liver transaminases during TNF-a in-
hibitor use, monitoring of complete blood count and
liver transaminases is recommended (30, 32). The
frequency should be established by the patient’s con-
comitant drugs use, conditions and risk factors. To
prevent antidrug antibody formation during TNF-
inhibitor treatment, concomitant immunosuppres-
sive therapy (MTX, azathioprine or glucocorticos-
teroids) is recommended (91).

A recent study in RA shows that adalimumad
levels are influenced by concomitant MTX use: pa-
tients on andalimumad monotherapy had a median
adalimumab level of 4.1 ug/mL (IQR 1.3-7.7), whe-
reas patients concomitantly taking MTX had a me-
dian level of 7.4 mg/mL (IQR 5.3-10.6, p<0.001)
(102). A better clinical response was present for pa-
tients using both andalimumab and MTX (102). A
possible explanation is that patents with concomi-
tant MTX are less prone to antibody formation
(102).

CoNCLUSION

Based on earlier studies and the results of a Del-
phi study amongst world’s leading sarcoidologists,
practical recommendations for the use of TNF-a in-
hibitors in sarcoidosis were established. These rec-
ommendations with emphasis on indications, dosage
and discontinuation regimens have been developed
to support the clinician in the management of re-
fractory sarcoidosis patients.
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