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To the Editor

Sarcoidosis is a chronic disease characterised by granulomatous depositions that can occur
in virtually any organ system [1]. Currently, there is no US Food and Drug Administration
(FDA)-approved therapy for sarcoidosis; however, corticosteroids have proven efficacious
and are a commonly used treatment [2]. In patients with chronic or pulmonary disease who
do not respond to corticosteroids, or in whom steroid use is contraindicated, agents such as
methotrexate, azathioprine and tumour necrosis factor (TNF)-a antagonists may be effective
[3, 4]. However, a need persists for patients who fail to respond to current options.

Sarcoidosis is a T-cell-mediated disease; however, humoral mechanisms may play a role in
its pathogenesis [5]. Sarcoidosis is often associated with hypergammaglobulinaemia,
autoantibody production and circulating immune complexes [6].

B-cell-targeted therapies have shown positive results in many T-cell-mediated autoimmune
diseases. Rituximab is a chimeric monoclonal antibody that causes depletion of CD20* B-
cells [7]. Rituximab is FDA approved for the treatment of rheumatoid arthritis,
granulomatosis with polyangiitis (Wegener’s) and microscopic polyangiitis, and is also
being studied in Sjégren’s syndrome, systemic lupus erythematosus and vasculitis [8]. There
have been case reports of the effectiveness of rituximab for sarcoidosis [9-11]. Given the
evidence for humoral involvement in sarcoidosis pathogenesis, this study sought to evaluate
the utility of B-cell depletion using rituximab in patients with refractory pulmonary
sarcoidosis.
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This was a prospective, open-label, phase I/11 trial. The study was approved by the
institutional review boards of the University of Chicago (Chicago, IL, USA) and the
University of Cincinnati (Cincinnati, OH, USA), and all patients provided written, informed
consent to participate (www.clinicaltrials.gov identifier NCT00855205).

Enrolled patients had histologically confirmed pulmonary sarcoidosis for =2 years and were
symptomatic despite use of corticosteroids (prednisone, =10 mg a day) or any dose of
prednisone plus one or more corticosteroid-sparing agents, including methotrexate and
azathioprine. Patients had to have moderate-to-severe pulmonary disease with a forced vital
capacity (FVC) between 30% and 80% of predicted, parenchymal involvement on chest
radiography, and could have extrapulmonary disease. Chest radiographic abnormalities were
classified by the staging method of Scadding [12]. All patients were on a stable dose of
medication for =3 months prior to entry into the study. Exclusion criteria were current
therapy with anti-TNF antibodies, severe left- or right-sided heart failure (New York Heart
Association class Il or 1V), hepatitis B or C infection, history of tuberculosis disease, and
live virus vaccination within the past 4 weeks, treatment with intravenous antibiotics within
2 months of screening or oral antibiotics within 2 weeks prior to screening.

Prior to the first dose, patients performed spirometry to measure FVVC and FVC % predicted.
6-min walk distance (6MWD) was determined using a previously described protocol. 1 g
rituximab was administered i.v. at baseline and again 2 weeks later, and with pre-treatment
and monitoring as previously described [5]. Patients were evaluated every 6 weeks for 1
year. In an effort to identify markers of response to rituximab therapy, markers of peripheral
B-cell depletion were evaluated by measuring peripheral blood quantitative immunoglobulin
levels including serum 1gG, IgA and IgM, and CD19* and CD45* levels, initially and at
weeks 24 and 52.

The study’s primary end-point was safety. Secondary end-points were change in FVC and
6MWD at weeks 24 and 52. Patients were considered responders if they achieved a >5%
absolute improvement in FVVC and/or had a >30-m increase in 6MWD. Comparisons were
made before and after therapy using the Wilcoxon test for paired samples. A p-value of
<0.05 was considered significant. The sponsor had no role in the concept and design of
study, methods, patient recruitment, data collection and analysis, or manuscript preparation.

Of the 15 patients screened for the study, five were ineligible for the study based on severity
of their disease or prior infection with either tuberculosis (one patient) or hepatitis C. 10
patients (seven males; with median age 49 years, range 46—74 years) were included in the
study. Six patients were Caucasian, three African American and one of Indian descent. All
patients were evaluated at week 24 but only eight patients presented for evaluation at week
52, the end of the study.

All patients had parenchymal lung disease demonstrated on chest radiography, with only one
having significant mediastinal/hilar adenopathy (stage 2) while others were all stage 3.

One patient was hospitalised for pneumonia 2 weeks after the second treatment, which
resolved with antibiotic treatment. No other serious adverse events have been observed. Two
patients died because of respiratory failure during the study period. One patient died 30
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weeks after the first rituximab treatment. The second was hospitalised for worsening of her
sarcoidosis twice at weeks 30 and 48, and subsequently died 56 weeks after the first
rituximab treatment. No evidence of infection was found in either of these patients after
extensive investigation. It was presumed that they died from progression of sarcoidosis.

Initial F\VC measurement, and changes in percentage of predicted FVC and 6MWD at weeks
24 and 52 for all patients are shown in table 1. There was no significant difference in the
FVC % predicted at either 24 or 52 weeks compared with baseline. However, at 24 weeks,
five patients had a >5% absolute improvement in FVC % predicted and four patients had a
>10% improvement of FVC % predicted. Two patients had a >10% absolute improvement
of FVC % predicted at week 52.

6MWD improved from initial value by >30 m in five patients and by >50 m in three patients
at week 24. Three patients had >50 m improvement in 6MWD at week 52. Patient 1 had a
>50 m walk distance improvement at weeks 24 and 52 but had a small decline in his FVC %
predicted at these time-points. Patient 7 had a 45-m improvement in his 6MWD at week 24
but had an absolute fall in FVC % predicted by 5.1%. Chest radiographic stage remained
unchanged throughout the study. The prednisone doses were not changed during the study.

Serum IgG, IgA and IgM levels all fell significantly by week 24 (IgG p<0.05; IgA p<0.05;
IgM p<0.005). The percentage of CD19* cells that were CD45* also fell significantly
(p<0.002) and no patient had >3% CD19*/CD45" cells at week 24. Comparison of efficacy
findings for the seven responders and three nonresponders showed no difference in the
initial 1gG, IgA, IgM or CD19*/CD45* cell levels.

The current study was the first prospective phase I/11 clinical trial to evaluate the use of
rituximab in patients with refractory pulmonary sarcoidosis. We observed the clinical
response to rituximab therapy to be inconsistent among patients with refractory pulmonary
sarcoidosis. Respiratory function improved in only a subset of our study cohort: five patients
had >5% absolute improvement in FVC and five patients improved by >30 m in 6MWD
(seven responders total; some patients improved in only FVC or 6MWD, others improved in
both). We were not able to correlate response to rituximab with pre-treatment
immunoglobulin levels. Further studies are required to assess whether rituximab may be a
viable alternative to anti-TNF antibodies for refractory sarcoidosis. In addition, it should be
defined which subgroup of patients is likely to respond to rituximab therapy.
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