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ABSTRACT. Background: Sarcoidosis is an idiopathic, granulomatous disease for which molecular and immunologic
studies have shown an association between it and mycobacterial antigens. Microbial antigens can reduce expression
of the tyrosine kinase Lck, which has been associated with sarcoidosis severity. Here we investigate the efficacy of
Concomitant Levofloxacin, Ethambutol, Azithromycin, and Rifampin (the CLEAR regimen) for treatment of
chronic, pulmonary sarcoidosis. Mezhods: Fifteen chronic, pulmonary sarcoidosis patients with forced vital capacities
(FVC) between 45-80% of predicted were enrolled in this open-label trial. The primary efficacy endpoint was change
in absolute FVC from baseline to completion of therapy. Secondary endpoints were change in functional capacity
measured by Six Minute Walk Distance (6MWD) and quality of life assessment measured by St. George’s Respira-
tory Questionnaire (SGRQ). Resu/ts: Of 15 patients enrolled, 11 completed 4 weeks of therapy, and 8 completed 8
weeks of therapy. The CLEAR regimen was associated with an increase in FVC of 0.23 liters at 4 weeks and 0.42
liters at 8 weeks (P=0.0098 and 0.016, respectively). The 6MWD increased by 87 meters from baseline to 8 weeks
(p=0.0078). The mean score of the validated SGRQ was improved at 8 weeks over baseline (p=0.023). Normalized
expression of Lck and NF-kB was observed in those with clinical improvement. Conclusions: The CLEAR regimen
is associated with improved absolute FVC, as well as increased functional capacity and quality-of-life in selected
chronic pulmonary sarcoidosis patients. Larger, randomized, controlled trials are needed to confirm these findings and
to identify patients most likely to benefit from therapy. (Sarcoidosis Vasc Diffuse Lung Dis 2013; 30: 201-211)
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ease Society of America; KATG = catalase-peroxi-
dase PBMC = peripheral blood mononuclear cells;
SGRQ = St. George’s Respiratory Questionnaire;
sodA = superoxide dismutase A; TNF = tumor
necrosis factor; WASOG = World Association of
Sarcoidosis and Other Granulomatous Diseases;

WBC = white blood cell

INTRODUCTION

Sarcoidosis is a granulomatous disease that in-
volves the lung in 90-95% of affected subjects. From
1988 to 2007, the age-adjusted, sarcoidosis-related
mortality rate increased 50.5% in women and 30.1%
in men (1). The observation of increasing mortality,
as well as the limited efficacy of some current sar-
coidosis therapies, emphasizes the necessity of new
therapeutic options. Although ~1/3 of patients nev-
er require therapy (2), for those requiring therapy,
current therapeutic options demonstrate limited ef-
ficacy on factors associated with sarcoidosis mortali-
ty, such as forced vital capacity (FVC) (3). Current
treatments focus on limiting the inflammatory re-
sponse, with corticosteroids serving as the mainstay
of therapy. However, trials evaluating the effects of
corticosteroids on lung function have yielded mixed
results (4,5). Disease-modifying anti-rheumatic
drugs (DMARDS), and more recently tumor necro-
sis factor (TINF) antagonists, have been used for cor-
ticosteroid-refractory patients (6). Among non-
steroid based treatments, only infliximab has been
shown in a randomized, placebo-controlled study to
improve lung function (7).

A limitation to identification of effective thera-
peutics for sarcoidosis pathogenesis is the lack of un-
derstanding of mediators of sarcoidosis progression.
Reduced expression of Lck and NF- B is associated
with sarcoidosis severity (8). The immunological re-
sponse to microbial virulence factors is associated
with changes in transcription factor expression (9).
Mycobacterial virulence factors, such as ManLam,
have been shown to interfere with T cell receptor
signaling by inhibiting phosphorylation of the tyro-
sine kinase, Lck (10). Molecular and immunologic
evidence from independent laboratories have
strengthened the association of mycobacterial anti-
gens with sarcoidosis pathogenesis. Proteins of path-
ogenic mycobacteria, such as katG and superoxide

dismutase A (sodA), are present more frequently in
sarcoidosis granulomas than granulomatous control
specimens (11,12). Signals consistent with early se-
creted antigenic target-6 (ESAT-6) are present in
sarcoidosis granulomas by mass spectrometry analy-
sis (13) It has been reported that it is the interaction
of secreted proteins, such as ESAT-6, with host ep-
ithelium that serve as the nidus for granuloma for-
mation (14,15). Peripheral blood mononuclear cells
(PBMCs) and diagnostic bronchoalveolar lavage
(BAL) fluid from patients with sarcoidosis have been
shown to exhibit antigen-specific Th1 cytokine re-
sponses against mycobacterial virulence factors,
demonstrating that mycobacterial antigens are tar-
gets of the sarcoidosis adaptive immune response
(16,17). The magnitude of the Th1 response paral-
lels that seen in active mycobacterial infection (18).
Effective antimicrobial therapy in patients with my-
cobacterial infection leads to clearance of these viru-
lence factors and resolution of granulomatous in-
flammation; immune responses against microbial
antigens disappear as the disease resolves (19). A
growing body of literature supports the im-
munomodulatory effects of antimicrobial therapy,
such as quinolones increasing IL-2 production in
monocytes and macrolides decreasing neutrophils
chemotaxis (20). There are case reports of improve-
ment of cutaneous sarcoidosis lesions with antibiot-
ic therapy, such as tetracyclines (21,22). We hypoth-
esize that antimycobacterial therapy will lead to im-
mune regulation of key mediators associated with
sarcoidosis pathogenesis, such as Lck.

Also present within sarcoidosis granulomas are
genes encoding mycobacterial products that can be
targeted by antimycobacterial therapy such as 7poB
(rifampin) (23) and DNA gyrase A (levofloxacin)
(24). Building upon the observation of these genes
within sarcoidosis granulomas, we designed an an-
tibiotic regimen consisting of agents effective in res-
olution of pulmonary granulomatous inflammation
secondary to mycobacterial antigens (25,26). In this
study, called the CLEAR (Concomitant Lev-
ofloxacin, Ethambutol, Azithromycin, and Ri-
fampin) Trial, we sought to evaluate the safety and
efficacy of eight weeks of the CLEAR regimen on
chronic pulmonary sarcoidosis subjects with moder-
ate to severe disease.
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METHODS
Protocol Development and Oversight

This was an open-label, Phase Ib, single-center
study evaluating the safety and efficacy of a four-
drug anti-mycobacterial regimen on chronic pul-
monary sarcoidosis outcome. The study protocol was
approved by the Vanderbilt University Medical Cen-
ter Institutional Review Board by Health Sciences
Committee 1 (#100552), and all patients were pro-
vided written informed consent prior to enrolling in
the study. The data and safety monitoring board for
this study reviewed data throughout the study and
performed the single planned interim analysis for
safety and efficacy after 50% of the patients had
completed the 8-week regimen. Dr. Wonder Drake
had full access to all the data after study completion
and assumes full responsibility for the integrity of
the data and the accuracy of the data analysis.

Study Population and Randomization

Participants were recruited from outpatient pul-
monary clinics at Vanderbilt University Medical
Center and the surrounding community between Ju-
ly 14 and August 24, 2010. All patients met Ameri-
can Thoracic Society/European Respiratory Soci-
ety/World Association of Sarcoidosis and Other
Granulomatous Diseases (ATS/ERS/WASOG) cri-
teria for diagnosis of sarcoidosis (27) and had nega-
tive histologic and microbiologic assessments for tu-
berculosis, evidence of parenchymal disease on chest
radiograph (Scadding stage II, III, or IV), and a
forced vital capacity (FVC) between 45-80% at the
time of screening. None of the patients were PPD
positive. We implemented very strong exclusion cri-
teria to avoid occult infection or superinfection as a
possibility for benefit from antibiotic therapy. These
exclusion criteria were as follows: 1) Subject has
been hospitalized for infection or received IV antibi-
otics within the previous 2 months prior to baseline;
2) Subject has a history of tuberculosis at anytime or
close contact with a person with active tuberculosis
within the previous 6 months, or persistent or active
infections requiring hospitalization or treatment
with IV antibiotics, IV antiretrovirals, or IV antifun-
gals within 30 days of baseline, OR oral antibiotics,
antivirals, or antifungals for purpose of treating in-

fection, within 14 days of baseline; 3) Subject has an
active infection requiring systemic antibiotics at time
of screening; 4) Subject has a history of listeriosis,
treated or untreated tuberculosis, exposure to indi-
viduals with tuberculosis. To ensure only patients
with stable disease were enrolled, those who had any
adjustment in their sarcoidosis treatment regimen
within six months prior to or during enrollment were
excluded. Of the 25 patients screened, one did not
have biopsy-proven disease, and others not enrolled
failed to meet the criteria of a screening FVC of
<80% (Figure 1).

Treatment

Patients meeting inclusion criteria received
eight weeks of oral antibiotic therapy; antibiotic

25 screened

9 had FVC>80%

1 did not have biopsy- [
proven disease

15 enrolled

1 died
2 developed an adverse event
(insomnia; leukopenia)
1 lost to follow-up

11 completed

1 started antibiotics and 4 weeks
corticosteroids for pneumonia

2 developed an adverse event
(arthralgias; rash)

8 completed
8 weeks

Fig. 1. Enrollment and Outcomes for Pulmonary Sarcoidosis
subjects
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dosages were based upon ATS/Infectious Diseases
Society of America Guidelines (ATS/IDSA) for
treatment of atypical mycobacterial pulmonary in-
fection (28).

The 8-week regimen consisted of levofloxacin
750 mg on day 1, then 500 mg once daily; ethamb-
utol 15mg/kg/d to a maximum of 1200 mg once dai-
ly, azithromycin 500 mg on day 1, then 250 mg once
daily; and either rifampin 10mg/kg/d to a maximum
of 600 mg once daily or rifabutin 300 mg once dai-
ly. Rifabutin was substituted for rifampin in patients
taking medications substantially metabolized via the
cytochrome P450 system, such as prednisone.

Clinical Assessments

The primary endpoint was improvement in ab-
solute FVC from baseline to completion of therapy.
Spirometry testing was performed using a standard-
ized calibrated laptop spirometer, Flowscreen II
USA Spirometer (VIASYS Healthcare Inc., Yorba
Linda, CA).

The volume accuracy of the spirometer was
checked daily using a three liter calibration syringe.
The subjects were instructed on proper technique
prior to initiation of spirometry; spirometry was not
recorded unless proper technique was visualized
(29). Each subject was given at least three attempts
and the greatest measurement for absolute FVC and
Forced Expiratory Volume (FEV1) at baseline, four
week, and eight week assessments was recorded. As-
sessments of Six Minute Walk distance (6MWD)
and St. George Respiratory Questionnaire (SGRQ)

were conducted as previously described (30).
Cytokine Expression Profile

Baseline and ESAT-6 Th1/Th2 cytokine profil-
ing was performed and quantified as previously de-
scribed (19). Briefly, PBMC’s were isolated from
whole-blood through Ficoll-Hypaque separation.
Cytometric bead analysis (BD Biosciences, San
Diego, CA) was used to measure extracellular cy-
tokine production in unstimulated cells or cells stim-
ulated with ESAT-6 peptide and soluble anti-CD28
antibody (1 pg/mL, BD Biosciences, San Diego,
CA) for 24 hours at 37 degrees Celsius under 5%
CO..

Western Blot analysis

CD4+ T cells were activated by cross-linking
with plate-bound anti-CD3 and soluble anti-CD28
antibody. At indicated time points, cells were col-
lected and washed with a 1:100 dilution of phos-
phatase inhibitor cocktail B (Santa Cruz Biotech-
nology, Santa Cruz, CA) in ice-cold PBS. Cells
were then lysed using a buffer solution consisting of
50 uL 2-B-mercaptoethanol, either 940 or 930 pL of
Laemmli sample buffer (Biorad, Hercules, CA), and
10 pL of either phosphatase inhibitor cocktail B or
10 uL each of cocktails A and B. Proteins from the
whole-cell lysates were separated by standard SDS-
page gel and probed with monoclonal antibodies
against Y394-Lck, and NF-«B (both 1:1000 dilu-
tion, Santa Cruz Biotechnology) and B-actin
(1:2000 dilution, Sigma-Aldrich, St. Louis, MO).
Detection was performed using Odyssey infrared
imaging system (Licor Biosciences, Lincoln, NE)
using proprietary secondary antibodies. Quantifica-
tion was performed using software supplied by the
manufacturer.

Sample size and statistical analysis

Given the pilot nature of this study, and no a
priori data on potential effect of this antimycobacte-
rial regimen on lung patients, we chose a sample size
of 15 persons, comparing the absolute FVC of the
cohort at baseline to the absolute FVC of the cohort
after completion of therapy.

The subjects were to be analyzed using an in-
tention to treat analysis. If we are unable to obtain
endpoint data at the time of study withdrawal on all
withdrawing subjects, the data will be analyzed per
protocol.

As aresult, the data was analyzed using per pro-
tocol analysis. Data are presented as means plus-mi-
nus standard deviations, unless otherwise stated.
Continuous variables were compared between base-
line and week 4 or week 8 using the signed rank test.
For the binary endpoint, the proportion and its 95%
exact confidence interval are reported. All tests are
two-tailed. Statistical analyses were performed using
the statistical package SAS for Windows (Version 9,
Cary, NC) and the statistical software R (www.r-

project.org).
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REesuLts
Characteristics of the Study Patients

The mean age of the patients was 54 years. 73%
were females, and 53% were Caucasian.

Approximately 47% were on immunosuppres-
sants at the time of study enrollment. The mean time
since histologic diagnosis was 10 years (Table 1).

Efficacy

Of the 15 patients enrolled, 11 completed 4
weeks of the CLEAR regimen and eight completed 8
weeks (Figure 1). We used the last-value-carry-for-
ward rule to impute the missing values, i.e. assuming
no change from the last available observation for the
missing values should the subjects have stayed in the
study. With the imputation in the intention-to-treat
analysis, the baseline absolute FVC was 2.43+0.81
(n=15); the Week 8 absolute FVC was 2.67+1.13
(n=15), reflecting an increase of 0.24 liter (p=0.028,
paired t-test). Of those that completed 8 weeks of

Table 1. Data are presented as No. (%) unless otherwise indicated.

Baseline Characteristics of the 15 Chronic Pulmonary Study Sub-
jects

Age - yr

Mean 54
Range 43-65
Sex - number (%)

Male 4(36)
Female 11 (73)
Race - number (%)

African American 7 (47)
Caucasian 8 (53)
Years since histologic diagnosis

Mean 10
Range 1-32
Concominant therapy - no. (%) 7 (47)
Corticosteroids only 3 (20)
Immunomodulator only 1(7)
Corticosteroids + immunomodulator 3(20)

Corticosteroid dose (mg prednisone equivalent/day)
Mean 13
Range 3.75-30

Scadding CXR Stage 0/I/II/III/IV 1/1/8/3/2

therapy, the FVC improved from a baseline of
2.61+1.01 to an average of 3.03+1.43, reflecting an in-
crease of 0.42 liters (p=0.016) (Table 2A). Four of the
eight subjects who completed therapy experienced
>10% improvement in absolute FVC, ranging from
14-31% (Figure 2). Of the 11 patients who complet-
ed four weeks of therapy, the absolute FVC improved
from a baseline of 2.47+0.89 to an average of
2.70£1.05, reflecting an average volume increase of
0.23 liters (p=0.0098) (Table 2B).

The improvement in FVC at completion of ther-
apy was associated with improvements in Six Minute
Walk Distance (6MWD), as well as perception of dys-
pnea. Two patients were unable to participate in the
6MWD due to arthritis and congestive heart failure,
respectively. The 6MWD increased from a baseline of
352.0+70.3 meters to 438.8+97.5 meters (p=0.0078),
reflecting an increase of ~87 meters.

The improvement in 6MWD was associated
with a reduction in the perception of dyspnea after
completion of the walk, as measured by the Borg
dyspnea score.

The Borg score decreased by an average of 2.5
points (p=0.016) (Table 2A). In addition, there was
improved quality of life, as measured by the Saint
George’s Respiratory Questionnaire (SGRQ).

The study participants reported a significant
decrease in the impact of sarcoidosis on activities of
daily living (p=0.016). Improvement in symptom
frequency and severity, as well as social functioning
was also noted but not significant (p=0.078, both)
(Table 2A). There was not a significant difference in
the Muer R score after completion of therapy (Table
2A).

Mechanism of Action

It was recently reported that reduced levels of
nuclear transcription factor NF-kappaB (p50, p65,
and p105) and the tyrosine kinase p56Lck were as-
sociated with severe and progressive sarcoidosis. To
determine the mechanism by which the CLEAR
regimen was mediating improvement in chronic pul-
monary sarcoidosis, we postulated that improvement
in expression of NF- B and Lck would be apparent.
We conducted Western blot analysis for activated
Lck and NF- B at baseline and following comple-
tion of the CLEAR regimen. There was increased
protein expression of activated Lck and NF- B (Fig-
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Fig. 2. Percent change in forced vital capacity following completion of 8 weeks of CLEAR regimen. FVC was measured at baseline and
following completion of 8 weeks of CLEAR regimen. Four of the eight subjects demonstrated improvement in FVC of >10%.

ure 3). The Lck and NF-xB expression levels ap-
proached that of healthy controls at baseline and fol-
lowing TCR stimulation, after completion of the
CLEAR regimen. Because the changes in Lck and
NF- B were observed in peripheral cells, they may
not reflect cellular responses in localized sites of sar-
coidosis involvement, such as the lung.

Furthermore, we compared baseline responses
against mycobacterial ESAT-6 to responses among
sarcoidosis subjects for whom PBMC were available.
We noted no improvement in FVC among sarcoido-
sis subjects who lacked ESAT-6 antigen-specific re-
sponses at study entry, but marked improvements in
those that did demonstrate ESAT-6 antigen-specif-
ic responses (Table 3).

The patients with clinical improvement in ab-
solute FVC following the CLEAR regimen also had
marked reductions in IFN-y production upon
ESAT-6 stimulation (Figure 4). Because the im-
mune response against mycobacterial antigens such
as ESAT-6 can serve as a nidus for granuloma for-
mation (14,15), we postulate that these declining re-
sponses reflect a decline in ESAT-6 antigen burden.

Adwverse Events

Seven of the 15 patients enrolled experienced an

AE (Table 4), four of which led to study withdraw-

al. One AE was the development of leucopenia and
mild hepatitis. The patient had a baseline WBC
count of 5.5 WBC/mm® that decreased to 1.5
WBC/mm?®, and an increase of AST and ALT to
twice the upper limit of normal within 18 days of
taking the CLEAR regimen; all laboratories normal-
ized with cessation of therapy.

The patient refused to return for us to obtain
study endpoint data. One patient developed insom-
nia and transient hypotension; another had worsen-
ing of baseline arthralgias; and one developed rash
one month into therapy. One patient was withdrawn
from the study due to the necessity of administering
antibiotics by her physician. Six weeks into the regi-
men, this subject developed productive cough, lower
lobe infiltrate and leukocytosis that responded to
empiric vancomycin and piperacillin-tazobactam;
high-dose systemic corticosteroids were added to
treat possible recurrence of sarcoidosis. Although no
etiology was identified, she clinically improved on
this regimen. One subject had a pre-existing diagno-
sis of ischemic cardiomyopathy, who 18 days into the
CLEAR regimen, developed cardiogenic shock that
led to her death. The patient had expired before we
were notified. We were unable to obtain primary
endpoint data. Review of both cases by the DSMB
did not feel that neither the pneumonia nor the
death could be attributed to study drug. Another
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Table 2A. Data are presented as mean +/- SD. Ranges are listed as (lowest value, highest value). FVC = forced vital capacity; FEV1 = forced
expiratory volume in 1 second; 6MWD = 6 minute walk distance; SGRQ = St. George’s Respiratory Questionnaire; WBC = white blood cell;
ALT = alanine aminotransferase

Changes in Prespecified Primary and Secondary Lung Outcomes at 8 weeks (8 subjects)

Absolute FVC Absolute Difference

Pulmonary Function Baseline 8 week Wecek 8 P value

Forced Vital Capacity 2.61+1.01 3.03+1.43 0.42 p=0.016
(0.041,0.799)

Forced Expiratory Volume (FEV1) 1.72+0.68 1.97+0.87 0.24 p=0.078

(-0.00015, 0.49)

Dyspnea

Six Minute Walk Distance (meter) 352.0+70.3 438.8+97.5 86.8 p=0.0078
(35.7,137.8)

Borg Dyspnea Index after walking 4.13x0.99 1.63:1.41 -2.5 p=0.016
(-4.05, -0.95)

Quality of Life

Saint George Respiratory Questionnaire

Total Score 51.38+17.96 37.19+11.36 -14.19 p=0.023
(-24.33,-4.05)

Symptoms Score 56.55+20.31 37.61£11.76 -18.94 p=0.078
(-39.37,1.48)

Activity Score 66.67+19.72 55.2626.96 -11.41 p=0.016
(-22.36,-0.46)

Impacts Score 40.72+20.73 26.65+11.15 -14.07 p=0.078
(-29.46,1.33)

X-Ray (Muers) 0.58+0.93 0.56+0.79 -0.021 p=1.0

Laboratory

CBC 8.23+3.36 6.83+4.09 -1.55 p=0.16

AIT 21.00+6.12 30.45+30.77 8.45 p=0.70

(-10.66,27.57)

Table 2B. Data are presented as mean +/- SD. Ranges are listed as (lowest value, highest value). FVC = forced vital capacity; FEV1 = forced
expiratory volume in 1 second

Changes in Pulmonary Function at 4 weeks (11 subjects)

Absolute FVC Absolute Difference
Pulmonary Function Baseline 4 week Week 4 P value
Forced Vital Capacity 2.47+0.89 2.70+1.05 0.23 p=0.0098
(0.085,0.371)
Forced Expiratory Volume (FEV1) 1.65+0.62 1.80+0.54 0.16 p=0.25

(-0.066, 0.377)




208

'W. P. Drake, Bradley W. Richmond, K. Oswald-Richter, C. Yu, et al.

Lck NF-xB
4 | 13 re-trea en oS a D con' l
control  Pre Post e W FPre-treatment OPost-treatment O control Ll tment O Post-treatment © h'nil
1.0 | —
Y-394Lck - = - 514 § L‘
pactn e e e §.. 8o !
8’1_0 '5'
NF-KB ------ EO-E En_u |
pon SSBO®w ;. -
050505 5
(minutes) ' 0.2
0.2
0.0 | 0.0
unstimulated 5 min unstimulated 5 min

Fig. 3. Anti-mycobacterial therapy increases activated Lck and NF-KkB expression.  Y394-Lck and NF-kB levels were measured from
whole-cell lysates generated from 1 x 106 CD4+ T cells unstimulated or stimulated for 5 minutes with plate-bound anti-CD3 and soluble
anti-CD28 antibodies before and after completion of anti-mycobacterial therapy. Protein expression was normalized to B-actin levels.
(*=p<0.05). Data are presented as the mean normalized expression + SD from five sarcoidosis subjects and three healthy controls.

Table 3. Change in Absolute FVC = change from baseline to 8 weeks
of therapy. ESAT-6 = early secreted antigen 6; FVC = forced vital ca-

pacity

Correlation of baseline responses to ESAT-6 and improvement in ab-

solute FVC

Subject ESAT-6 Recognition ~ Change in Absolute FVC
Clear Lung 1 - -5.3

Clear Lung 4 + 13.6

Clear Lung 6 s 19.8

Clear Lung 7 + 30.1

Clear Lung 12 + 25.9

Clear Lung 13 - 6.5

Clear Lung 15 - 4.3

Clear Lung 16 + 59

subject denied any adverse events but did not main-
tain any study visits after study enrollment.

Review of baseline and week 8 ALT and WBC
of the subjects as a cohort did not reveal any signifi-

cant differences (Table 2A).

DiscussionN

In the current study, we demonstrate that ad-
ministration of antimycobacterial therapy results in
improvement in absolute FVC, functional capacity
and perception of dyspnea among chronic pul-
monary sarcoidosis subjects. The molecular basis for

Table 4. Adverse event profileAdverse Events of Cutaneous and Pul-
monary Sarcoidosis Participants

Adverse Event  Therapy Days Completed

CLEAR LUNG 3  Insomnia; hypotension 11
CLEAR LUNG 6 Headache 56
CLEAR LUNG 12 Headache 56
CLEAR LUNG 17 Arthralgias 56
CLEAR LUNG 23 Leucopenia 18
CLEAR LUNG 24 Arthralgias 34
CLEAR LUNG 25 Rash 28

the improvement was normalized expression of the
tyrosine kinase Lck, and NF- B; reduced expression
of both had been previously associated with sar-
coidosis severity (31). It is unclear if peripheral aner-
gy represents specific sites of sarcoidosis involve-
ment such as the lung. The observed clinical im-
provement was accompanied by an increase in ab-
solute FVC that exceeds that reported of any current
sarcoidosis therapeutic options (Table 2A).

An improvement in percent of predicted FVC
was 2.5% in sarcoidosis subjects treated for 24 weeks
with infliximab (7), or with corticosteroid therapy
alone for acute pulmonary sarcoidosis (32, 33). Im-
provement in vital capacity has been noted in chil-
dren administered steroid therapy (34). We noted an
average increase in the absolute FVC of 0.42 liters,
reflecting a mean percent increase of 16% above
baseline. Also, a major limitation of this study is that
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Fig. 4. Reductions in immune responses against ESAT-6. Analogous to reports of declining immunoreactivity against microbial antigens
following antifungal and antituberculous treatment, reductions in adaptive immune responses against ESAT-6 was noted post completion
of the CLEAR regimen. Data was collected on the six subjects for whom PBMC were available.

no placebo control was included; the improvement
observed could not be separated from spontaneous
improvement. Due to the limitation of the lack of
inclusion of a placebo control, this trial is a Phase 1b
clinical trial that successfully establishes proof of
concept with serum biomarkers and potential clini-
cal outcome benefit in sarcoidosis.

In addition to enhancement of absolute FVC,
we observed an increase in 6 MWD; this increase
was associated with a reduction in the perception of
dyspnea after completion of the walk, as measured
by the Borg dyspnea score (Table 2A). In addition,
there was improved quality of life; the study partici-
pants reported a significant decrease in the impact of
sarcoidosis on activities of daily living, as well as im-
provement in symptom frequency and severity.
These findings suggest that the improvement in
FVC carried clinical significance and resulted in
positive improvements in the patient’s daily life. We
were able to obtain PBMC on only 8 of the enrolled
CLEAR subjects. Improvement correlated with the
presence of systemic immune responses against my-
cobacterial ESAT-6 at the time of study entry. We
noted no improvement among sarcoidosis subjects

who did not possess these Th-1 responses at base-
line, and significant improvement among those who
did (Table 3). Prior reports have noted that the
quantity of mycobacterial ESAT-6-specific immune
response decreases as tuberculosis subjects resolve
their disease during treatment (35). It has also been
demonstrated that immune responses against my-
cobacterial antigens decrease as sarcoidosis subjects
resolve their disease (36), (personal observation).
Detection of immune responses against mycobacter-
ial antigens may aid in stratifying sarcoidosis subjects
who would improve on the CLEAR regimen. The
lack of ESAT-6 antigen specific responses and fail-
ure to improve on the CLEAR regimen may reflect
a subject for whom mycobacterial antigens do not
contribute to their pathogenesis, but rather an alter-
native cause. For those subjects, who do possess an-
timycobacterial immune responses, it is possible that
effective antimycobacterial therapy leads to im-
proved host immunity which aids clearance of path-
ogenic antigens. Further investigation into the
mechanism is warranted. Future studies will involve
inclusion of cognate antigens, such as tetanus, CMV,
EBYV, and influenza, at baseline and after completion
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of therapy to assess if improved T cell function is
noted after completion of the CLEAR regimen in
pulmonary sarcoidosis patients.

The CLEAR regimen did not lead to radi-
ographic improvement as measured by Muer R score.
The 8 week regimen is considered an initiation phase
for treatment of mycobacterial lung disease and may
not provide adequate time for diminution of radi-
ographic evidence of inflammation. Radiographic res-
olution may likely require a continuation phase of 4-6
months; four months of antituberculous therapy has
been demonstrated to resolve noncaseating granulo-
mas induced by M. tuberculosis (37). Radiographic
changes may never occur if the findings on chest radi-
ograph are predominately due to scarring and fibrosis.
In several randomized, controlled studies evaluating
the effects of systemic corticosteroids on sarcoidosis,
chest radiographs were noted to show significant im-
provement at follow-up dates ranging from three
months to two years, but not at subsequent follow-up
beyond two years (2). Alternatively, chest computer to-
mography radiographs may aid in detecting parenchy-
mal and nodal changes, following therapy. This will be
a consideration for future studies.

While the CLEAR regimen did demonstrate
improvement in the absolute FVC, one limitation
was the high withdrawal rate due to adverse events
(Figure 1, Table 4). Four subjects withdrew due to
adverse events, although a total of seven subjects ex-
perience adverse events (Table 4). The observation of
a high withdrawal rate on four drug antimycobacte-
rial regimen has been previously reported; up to half
of patient with tuberculosis do not complete their
four drug regimen (38).

The side effect profile of the CLEAR regimen
was similar in prevalence to that reported among oth-
er quinolone-containing regimens for pulmonary tu-
berculosis (39). Arthralgias, nausea and insomnia are
likely due to levofloxacin (40). Rates of leucopenia in
four-drug antituberculosis therapy range from 1-6%,
and are more common in women (41). The leucopenia
is most commonly associated with isoniazid, but can
occur with rifampin or ethambutol (41).

Two hypertensive patients reported lower blood
pressure on this regimen, which reversed after cessa-
tion of the regimen; one patient withdrew because of
the lower blood pressure. Intravenous administration
of rifampin has been associated with hypotension,
and reported to be mediated by rifampin’s effect on

the histaminergic systems participating in vascular
tension control (42). In addition, we noted that three
subjects did not complete the study for causes unre-
lated to study drugs (pneumonia necessitating an-
tibiotics, death, and one denied adverse events but
did not maintain study visits). Additional investiga-
tion of optimal patient selection, as well considera-
tion of a regimen with fewer drugs, is warranted.

ESAT-6 has been shown to modulate TCR sig-
naling pathways downstream of ZAP70, thereby in-
hibiting human T cell IFN-y responses (43, 44). Fur-
thermore, the reduction of Lck expression has been
shown to be a microbial target to suppress the develop-
ment of protective immune responses. It is possible that
mycobacterial antigens, such as ESAT-6, can repress
Lck expression. Another possibility is that persistent
TCR stimulation could drive reductions in Lck expres-
sion. Normalized Lck expression may reflect reductions
in bacillary antigen load, leading to decrease granuloma
burden and improvement in absolute FVC (45). Fur-
ther investigation into this possibility is warranted.

In conclusion, several lines of evidence suggest
that mycobacterial antigens contribute to sarcoidosis
pathogenesis among some subjects. This proof-of-
concept trial suggests that a four-drug antimycobac-
terial regimen to treat chronic sarcoidosis leads to
improvements in absolute FVC, functional capacity,
and perception of dyspnea. These findings support
conducting a multicenter, placebo-controlled, ran-
domized trial to determine patient selection, optimal
dosing, dose duration, and to better delineate the

risk-benefit profile.
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