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ABSTRACT. Background: Infliximab, a chimeric, monoclonal, anti-TNF antibody has been shown to be safe and effi-
cacious for refractory sarcoidosis, we investigated whether adalimumab, a fully human, anti-TNF monoclonal anti-
body, is similarly safe and efficacious in refractory pulmonary sarcoidosis. Mezhods: An open-label, single-center study
was conducted in 11 patients with refractory pulmonary sarcoidosis. Patients received adalimumab 40 mg weekly for
45 weeks, with a final follow-up at Week 52. The primary endpoint was the percent change in predicted forced vital
capacity (FVC) at 24 weeks. Secondary efficacy parameters included the 6-minute walk test (6MW'T), Borg dysp-
nea score, and Physician’s (PGA) and Patient’s (PaGA) Global Assessments. A successful outcome of the study was
defined as reduction in immunosuppressive therapy (prednisone to 10 mg or less), improvement in FVC of 5% or
greater, improvement in 6-minute walk test distance (6MWD) of 50 meter or greater at the end of weeks 24 and 52.
Results: Eleven patients received adalimumab and had 24-week follow-ups. Only ten patients had a Week 52 evalu-
ation. FVC stabilized in seven patients, and four patients showed improvement in FVC. Five patients had improved
6MWD, and nine had lower Borg dyspnea scores. PGA and PaGA improved at weeks 24 and 52 for all patients
(P<0.008 for all comparisons). Among 11 patients who underwent adalimumab treatment, 9 (82%) and 8 (80%) had
a successful outcome at the end of 24 and 52 weeks respectively. No severe adverse incidents were reported. Conclu-
sions: In this small, open-label study, adalimumab improved refractory pulmonary sarcoidosis and was well tolerated
(Clinical Trials.gov identifier NCT00311246). (Sarcoidosis Vasc Diffuse Lung Dis 2014; 31: 46-54)
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INTRODUCTION

Sarcoidosis is a systemic disease that involves
any organ mainly the lung.(1) The disease course is
chronic and progressive in 10-30% of patients, and
at least 10-20% of patients have extrapulmonary in-
volvement (2). Sarcoidosis is fatal in 1-5% of pa-
tients, usually as a result of progressive lung disease,
central nervous system complication, or myocardial
involvement (2, 3).

Corticosteroids are considered the standard of
care for sarcoidosis. There are currently no therapies
approved for the treatment of sarcoidosis in the
United States (U.S.). Anti-malarials, immunosup-
pressive agents, and non-steroidal anti-inflammato-
ry drugs (NSAIDs), have been used as corticosteroid
sparing-agents in patients whose disease requires
chronic corticosteroid administration (4). However,
the response to treatment is difficult to predict, and
relapse may occur following discontinuation of ther-
apy. Furthermore, the use of corticosteroids and cor-
ticosteroid-sparing agents in sarcoidosis do not rep-
resent disease-specific targeted approaches. Patients
may experience considerable toxicities while on these
medications (5, 6). Therefore, alternative therapies
that improve patient outcomes and quality of life in
progressive sarcoidosis are urgently needed.

Studies that have characterized the pathogene-
sis of sarcoidosis have found that tumor necrosis fac-
tor (TNF) plays a major role in the inflammatory
processes underlying this disease (7, 8). Accordingly,
TNF is involved in the development of the non-
caseating granulomas that are the hallmark of sar-
coidosis (9). Published reports confirm that TNF in-
hibition improves symptoms in patients with sar-
coidosis (10-13). In a multicenter, randomized, dou-
ble-blind, placebo-controlled study, the anti-TNF
agent infliximab (Remicade®, Centocor Ortho
Biotech Inc.; Horsham, PA) significantly improved
the forced vital capacity (FVC) in patients with
chronic sarcoidosis with pulmonary involvement af-
ter 24 weeks of therapy (13). Case reports from pa-
tients successfully treated with infliximab (10) and
adalimumab have also been described (11, 14-16).

Adalimumab, a fully human monoclonal anti-
TNF antibody, binds to and neutralizes TNF, there-
by inhibiting its action after release from pulmonary
macrophages and other cells (17). It is approved for
the treatment of rheumatoid arthritis, juvenile idio-

pathic arthritis, psoriatic arthritis, plaque psoriasis,
ankylosing spondylitis, Crohn’s disease and Ulcera-
tive Colitis in the U.S., Europe, and elsewhere. Re-
cently, adalimumab significantly improved disease
activity, as measured by FDG-PET, in 9 out of 10
patients with refractory sarcoidosis. In these pa-
tients, pulmonary function tests and blood lympho-
cyte concentrations remained stable (18). Adali-
mumab has also been shown to improve intraocular
inflammation, resolve choroidal involvement, and
clear vitreous fluid in patients with sarcoidosis and
refractory chronic non-infectious uveitis (19). Sar-
coid-like granulomas were also improved with adal-
imumab in one patient with rheumatoid arthritis
who developed both cutaneous and pulmonary sar-
coid-like manifestations while receiving etanercept
(20). Furthermore, adalimumab, but not etanercept,
achieved responses in a patient with refractory sar-
coidosis in one study (21). Given that various case
reports and small studies have reported encouraging
results with adalimumab in sarcoidosis, the present
study was designed to assess safety and efficacy of
adalimumab in a prospective, non-randomized,
open-label study in patients with refractory pul-
monary sarcoidosis. Interim results derived from this

study have been previously presented (22, 23).

MATERIALS AND METHODS
Study Design and Patients

This study was a prospective, single-center, non-
randomized, open-label clinical trial. The University
of Chicago’s Institutional review boards approved the
study, and it was registered on clinicaltrials.gov (Clin-
icalTrials.gov identifier: NCT00311246). All pa-
tients provided written, informed consent to partici-
pate in this clinical trial.

Patients enrolled in this study had been diag-
nosed with refractory pulmonary sarcoidosis defined
as symptomatic pulmonary sarcoidosis despite opti-
mal treatment with oral corticosteroids and/or corti-
costeroid-sparing therapies for at least one year. We
included patients who had histologically-proven sar-
coidosis, evidence of parenchymal disease on chest ra-
diograph, Stage II/III disease, a forced vital capacity
(FVC) >40% and <80% of the predicted value, and
Borg dyspnea score (24) of at least grade 1. Changes
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in Borg Dyspnea scores are reflective of alterations in
patients’ dyspnea symptoms (25). Exclusion criteria
included any serious infection within 2 months of
screening or opportunistic infections within 6 months
of screening, class IIT or IV of New York Heart Asso-
ciation congestive heart failure classification, active
systemic lupus erythematosus, malignancy within the
past five years, lymphoproliferative disease, and histo-
ry of latent tuberculosis infection.

Treatment Protocol

Patients must have been on at least 7.5 mg per

day of prednisone (or corticosteroid equivalent) or
one or more immunosuppressants for at least three
months prior to screening. Doses of these medica-
tions had to be stable for at least 4 weeks before en-
tering the study. During the study, doses of con-
comitant medications for sarcoidosis were to remain
stable unless medically indicated.
Subcutaneous adalimumab at a dose of 40 mg was
administered weekly to each study participant for 45
weeks. AbbVie Inc (North Chicago, IL), provided
the study agent. Patients were seen at least monthly.
Last follow-up visit was conducted at Week 52.

Outcome Assessment and Follow-up

The primary endpoint was defined as the per-
cent change in predicted forced vital capacity (FVC)
at 24 weeks. FVC was measured by a standardized,
calibrated spirometer in the pulmonary function lab-
oratory at the University of Chicago. Each patient
acted as his or her own control, with FVC measure-
ments obtained at baseline, week 24, and week 52.
Secondary outcomes measures included Borg dysp-
nea score (before and after 6MWT), Physician’s
Global Assessment of disease activity (PGA) and
Patient’s Global Assessment of disease activity (Pa-
GA) (26). Changes in Borg Dyspnea scores are re-
flective of alterations in patients’ dyspnea symptoms
(25). The PGA and PaGA scores range from 0 (no
pulmonary manifestations of sarcoidosis) to 100
(worsening of pulmonary symptoms) on a visual
analog scale. Chest radiographs were taken at base-
line and 24 weeks and were scored by a radiologist
and a pulmonologist independently who were blind-
ed to the time-point of the radiograph. Images were
evaluated for extent (score 0—4) and profusion (score

0—4) for each of the four types of shadows common-
ly seen in sarcoidosis: reticulonodular (R), mass (M),
confluent (C), and fibrosis (F) (27).

Additional outcomes were evaluated in post-
hoc analyses based on previously published recom-
mendations (28). These included reduction in im-
munosuppressive therapy (prednisone to 10 mg or
less), improvement in FVC of 5% or greater, im-
provement in 6-minute walk test distance (6MWD)
of 50 meter or greater at the end of weeks 24 and 52.
The study defined treatment success if a patient had
one or more of these outcomes. Failure was defined
as meeting none of these outcomes.

Statistical Analysis

The data are presented as the mean + SD or the
median (25th to 75th percentile) for continuous
variables and percentages for categorical variables.
The baseline characteristics of patients determined
to be treatment success vs. failure were compared us-
ing the two-sample # test for continuous variables
and the Fisher exact test for categorical variables.
The Wilcoxon’s signed rank test was used to com-
pare Physician’s global assessment scores because da-
ta distribution failed normality testing by
D’Agostino & Pearson omnibus normality test. The
Patient’s Global Assessment scores of the patients
were compared using a Paired t-test (the data were
normally distributed). In all cases, p values of < 0.05
were considered to be statistically significant.

REesuLTs
Patient Epidemiologic Characteristics

Eleven African American (AA) patients were
enrolled into the study and treated with adalimum-
ab. Ten completed the Week 52 visit. One patient
(patient #9) withdrew from the study because the
patient moved out of the study area before week 52.
Patient number five refused PFT at week 52. The
patient characteristics are listed in Table 1.

Change in the Patient’s Medications

Concomitant therapy for each patient is detailed

in Table 2. The protocol did not include any planned
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Table 1. Characteristics of the study cohort.

Characteristics Mean (+SD)
Age (years) 45.3(12.7)
Race
African American 11(100%)
Gender
Female, n (%) 10(91%)
Vital signs
Respiration rate 20(8)
Heart rate (beats per minute) 92(18)
Blood pressure 109/72
Weight (kilograms) 81.5(34)
6 MW measures at the screening
Distances (meter) 303.2(158.8)
Before 6MW
Borg Dyspnea score at baseline 1.45(1.4)
Borg fatigue score 4.4(3.7)
Heart rate (beats per minute) 94 (14)
Oxygen saturation (%) 97(1.4)
After (MW
Borg dyspnea score 4.2(3.8)
Borg fatigue score 2.15(2.2)
Heart rate 118(21)
Oxygen saturation (%) 95(4.2)
FVC (L) at the screening 61(12)
Physicians Global Assessment, (0-100) mean 81(12)
Patients Global Assessment, (0-100) mean 54(5)

Legend for table 1: 6MW: 6 minute walk, L: liter

withdrawal of corticosteroids or other therapy. Five
patients were on prednisone initially (range 7.5 to 40
mg daily). Among them, two patients initially on 20
mg/day (patients #10 and #11) were able to reduce
their dose to 5 mg daily by week 24 and to 3 mg by
week 52. One patient initially on 40 mg/day (patient
#2) remained on that dose throughout the study be-
cause of asthma. The other two steroid-treated pa-
tients (patients #4 and #6) were maintained on the
same low dose throughout the study (10 and 7.5
mg/day, respectively). All patients were taking im-
munosuppressants at the beginning of the study. One
patient (patient #11) was off all therapy by week 52.

Change in the Percentage of FVC

Pulmonary physiology, including FVC % pre-
dicted, 6MWD, and Borg dyspnea score before and
after the 6MWT are shown in Tables 3 and 4.

Figure 1 shows the absolute change in the FVC
from the baseline at Week 24 (median, 3%; range, -
3 to 13%) and Week 52 (median, 2%; range, -8 to
9%). At Week 24, 4 of 11 patients had a 5% or
greater increase in FVC % (two with 5-10% im-
provement, two with >10% improvement). At week
52, 4 of 10 patients had a 5% or greater absolute in-
crease in FVC 9%.

Change in the 6MWD

Figure 2 demonstrates the changes in 6MWD
from baseline. At week 24, five of 11 patients had an
increase in 6MWD with each exhibiting an increase
of more than 100 meters (m). At week 52, 4 of 10
evaluated patients continued to exhibit a greater
than 50m increase in 6MWD. One patient initially
had a greater than 100m improvement in 6MWD at
week 24 but not at week 52. This was due to the de-
velopment of new musculoskeletal problems during
the course of the study (pelvic fracture and clinically
significant worsening of degenerative disease of the
spine).

Changes in Borg Dyspnea and PGA/PaGA scores

Nine of 11 patients had lower Borg dyspnea
scores following the 24-week 6MWT. However,
Borg scores remained stable between weeks 24 and
52 as shown in Tables 3 and 4. PGA (Figure 3) and
PaGA (Figure 4) were measured at weeks 24 and 52.
Significant improvements were reported for each as-
sessment at both time-points when compared to
baseline (p <0.008 for all comparisons), with striking
improvements noted by the majority of physicians
and patients at week 24 (P= 0.0001 and P= 0.0014,
respectively).

Chest Radiographs Scores

Six patients had chest radiographs classified as
stage 3, and 5 patients had stage 2 of sarcoidosis.
Reticulonodular opacities, as measured by the R-
score, improved in 2 and 4 patients by the end of
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Table 2. Medication history of the study cohort during this clinical trial.

Patient Patient Characteristics Medication Status
Age Race Baseline Week 24 Week 52
1 60 AA Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day
2 51 AA Prednisone 40 mg/day Prednisone 40 mg/day Prednisone 40 mg/day
Mycophenolate 500 mg/day Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day
30 AA Methotrexate 10 mg/week Methotrexate 10 mg/week Methotrexate 10 mg/week
4 52 AA Prednisone 10 mg/day Prednisone 10 mg/day Prednisone 10 mg/day
Cyclosporine 125 mg/daily Cyclosporine 125 mg/daily ~ Cyclosporine 125 mg/daily
5 42 AA Leflunomide 20 mg every Leflunomide 20 mg every Leflunomide 20 mg every
other day other day other day
6 68 AA Prednisone 7.5 mg/day Prednisone 7.5 mg/day Prednisone 7.5 mg/day
Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day
7 33 AA Methotrexate 10 mg/week Methotrexate 10 mg/week Methotrexate 10 mg/week
33 AA Methotrexate 7.5 mg/week Methotrexate 7.5 mg/week ~ Methotrexate 7.5 mg/week
9 48 AA Methotrexate 17.5 mg/week ~ Methotrexate 12.5 mg/week -
10 36 AA Prednisone 20 mg/day Prednisone 5 mg/day Prednisone 3 mg/day
Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day ~ Mycophenolate 500 mg/day
11 39 AA Azathioprine 100 mg/day Azathioprine 100 mg/day No medications

Prednisone 20 mg/day

Prednisone 5 mg/day

Legend for table 2: AA: African-American

Table 3. Improvement of Sarcoidosis Disease Measures With Adalimumab Therapy

Patient FVC, % 6-MW Distance (meter) Borg Dyspnea Score, Before/After 6MWT
Number Screening Week 24/52 Baseline Week 24/52 Baseline Week 24 Week 52
1 66 65/75 185 309/329 3/3 0/3 1/2

2 67 64/59 215 123/82 2/10 3/7 4/10

3 51 57/56 391 411/411 0.5/0.5 0/0 0/0

4 44 43/40 188 297/247 0.5/10 2/7 0/5

5 61 60/missing 310 276/219 3/7 3/3 5/7

6 54 58/56 247 535/335 0/1 0.5/2 1/2

7 78 91/87 411 535/547 3/7 0.5/2 0/1

8 59 64/52 433 320/329 1/2 0.5/0.5 2/2

9 79 84/missing 597 553/missing 0.5/1 0/0 missing
10 46 49/53 329 442/329 0/0 0.5/0.5 0.5/0.5
11 73 72/73 501 411/501 0.5/0.5 0/0 0.5/0

weeks 24 and 52 respectively. Additively, adalimum- profusion in 36% of patients. No significant changes
ab treatment resulted in an approximate 1-point im- occurred in any other score assessed including fibro-
provement; representing an approximate 25% de- sis.

crease in the reticulonodular infiltrates extension or



Efficacy results of a 52-week trial of adalimumab in the treatment of refractory sarcoidosis

51

Table 4. Improvement of Sarcoidosis Disease With Adalimumab Therapy

Pt Week 24 Week 52

# A Medicine A FVC% A 6MWD Improve Medicine AFVC A 6MWD Improve
1 NS NS S Y NS S S Y

2 NS NS NS N NS NS NS N
3 NS S NS Y NS S NS Y
4 NS NS S Y NS NS S Y

5 NS NS NS N NS UK NS UK
6 NS NS Y NS NS S Y

7 NS Y NS S S Y

8 NS S NS Y NS S NS Y

9 S S NS Y UK UK UK UK
10 S NS S Y S S NS Y
11 S NS NS Y S NS NS Y

Legend for table 4: Pt: Patient, A Medicine: Changes in immunosuppressive therapy (predniwne to 10 mg or less), A FVC%: Changes in FVC of 5% or
greater, A 6MWD: Changes in 6MWD of 50 meter or greater. UK: Unknown, S: Significant, NS: Non-significant, Y: Yes, N: No
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Fig. 2. Change in 6MWD from baseline

Successful treatment

Among 11 patients who underwent adalimumab
treatment 9 (82%) and 8(80%) had a successful out-
come at weeks 24 and 52 respectively. One (10%) pa-
tient failed on adalimumab treatment at the end of 24
and another one (10%) at 52 weeks.

Adverse events

The administration of adalimumab was well toler-
ated. No patients discontinued the trial due to drug-re-
lated adverse events. During the study period, one pa-
tient experienced an upper respiratory tract infection
but was not hospitalized. No serious adverse events
were reported.

Discussion

In patients with active sarcoidosis, alveolar
macrophages produce a variety of proinflammatory cy-
tokines, including TNF, interleukin (IL)-1, and IL-6
(29). TNF appears to be essential for the development
of non-caseating granulomas, the hallmark of sarcoido-
sis (9). Targeting TNF with infliximab has been associ-
ated with improvements in lung function of patients

with refractory pulmonary sarcoidosis, likely involving
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direct effects on sarcoidosis-associated non-caseating
granulomas (30).

‘We have now conducted the first prospective, clin-
ical trial to evaluate the use of adalimumab in patients
with refractory pulmonary sarcoidosis and determined

that 80% of patients receiving adalimumab showed
some improvement during treatment in one or more
pre-defined parameters of improvement. Adalimumab
was not only effective in improving pulmonary function
and 6MWD, but also in lowering Borg dyspnea scores.
Although targeting TNF with adalimumab appeared
to improve these clinical parameters for most patients,
it failed in 20% of subjects. Adalimumab therapy led to
improvement in the overall health status of the study
subjects reflected by the improvement in patient’s and
physician’s global assessments reported at weeks 24 and
52 compared to baseline.

Additional studies are needed to determine
whether patients with refractory sarcoidosis would
benefit more from adalimumab compared to patients
with stable disease. We were able to decrease the
dosage of prednisone in 3 (27%) patients. Providing
patients the opportunity to potentially limit their need
for long-term corticosteroids and immunomodulators
may be of significant benefit, particularly with respect
to short-term and long-term side effects of these med-
ications.

There are conflicting reports on the association of
malignancies, such as lymphomas, with the use of an-
ti-TNF agents for the treatment of rheumatoid arthri-
tis (31-33). No cases of malignancies or lymphomas
were observed in this study of patients with refractory
pulmonary sarcoidosis. However, there is a limited
number of patients and duration of follow-up in this
trial.

These agents have also been associated with an
increase in serious infections, including tuberculosis
primary infection and reactivation (34). It is important
for clinicians to be aware of this potential complication
of anti-TNF therapy since symptoms of sarcoidosis
and tuberculosis occasionally overlap and mandate that
tuberculosis always be ruled out before the diagnosis of
sarcoidosis (2, 35). In addition to malignancies and tu-
berculosis infections, fungal infections have also been
reported in patients with sarcoidosis after treatment
with immunosuppressant therapies (36). In this trial,
we had no cases of fungal infection, tuberculosis, or
opportunistic infections. Specific guidelines for moni-
toring patients while on adalibmumab have been de-
veloped (37).

Milman et al showed treatment with adalimumab
can reduce sarcoidosis disease activity, as assessed by
FDG-PET with decreased FDG-PET uptake in nine
of ten patients (P = 0.011) (18). The dose of adali-
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mumab used in this study was 40 mg weekly. The usu-
al dose of adlimumab is 40 mg every other week. How-
ever, It was reported in patients with Crohn’s disease
that higher initial and maintenance doses of adalimum-
ab were more effective (38). In a series of five patients
with symptomatic, chronic pulmonary and extrapul-
monary sarcoidosis, Kamphius et al used a higher load-
ing dose of adlimumab and found a good response sim-
ilar to that reported here (39). In a study using the stan-
dard dose for rheumatoid arthritis, the response rate
was approximately fifty percent (40).

There is a single report of development of pul-
monary sarcoidosis five months after commencing
adalimumab for chronic plaque psoriasis (41) with
signs and symptoms resolving within three months of
cessation of adalimumab. Similar sarcoidosis-like reac-
tions have been reported with other biologic agents di-
rected against TNF (42). The etiology of these events
is unclear.

The impact of ethnicity on adalimumab treatment
outcome should be investigated. The ethnic differences
in sarcoidosis have been shown previously (43). Pul-
monary sarcoidosis tends to be more severe in AA pa-
tients (44). We showed that AA patients with sar-
coidosis have higher serum TNF levels than non-AA
patients (45). We propose a translational clinical trial
approach to identify the potential molecular predictors
of response to anti TNF therapy in different ethnicities.

Although, this study is limited because of open la-
bel design, small sample size and limited duration of
follow up, but could show that adalimumab was associ-
ated with improvement in both objective and subjective
outcome measures in patients with refractory pul-
monary sarcoidosis. We found that adalimumab al-
lowed decrease in dosages of corticosteroids and im-
munomodulators, or withdrawal of these medications
in (27%) of patients. This suggests potential long-term
benefit to patients on chronic corticosteroids for sar-
coidosis. In the aspect of safety, the administration of
adalimumab was well tolerated in all subjects. Further
evaluation of anti-T'NF therapy in patients with re-
fractory sarcoidosis is warranted.
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