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A Pilot Randomized Trial of Transdermal (® ersrspses
Nicotine for Pulmonary Sarcoidosis

Elliott D. Crouser, MD, Rachel M. Smith, PhD, Daniel A. Culver, MD, Mark W. Julian, MS,
Karen Martin, BS; Joanne Baran, BS,; Christopher Diaz, MD, Barbaros Selnur Erdal, PhD,
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and Erinn M. Hade, PhD

BACKGROUND: Tobacco smoking is associated with a reduced risk of developing sarcoidosis,
and we previously reported that nicotine normalizes immune responses to environmental
antigens in patients with active pulmonary sarcoidosis. The effects of nicotine on the pro-
gression of pulmonary sarcoidosis are unknown.

RESEARCH QUESTION: Is nicotine treatment well tolerated, and will it improve lung function
in patients with active pulmonary sarcoidosis?

STUDY DESIGN AND METHODS: With local institutional review board approval, a randomized,
double-blind, controlled pilot trial was conducted of daily nicotine transdermal patch
treatment (21 mg daily) or placebo patch use for 24 weeks. The Ohio State University
Wexner Medical Center and Cleveland Clinic enrolled 50 consecutive subjects aged = 18
years with active pulmonary sarcoidosis, based on symptoms (ie, dyspnea, cough) and
objective radiographic evidence of infiltrates consistent with nonfibrotic lung disease. Each
study group was compared at 26 weeks based on repeated measures of FVC, FEV,, quan-
titative lung texture score based on CT texture analysis, Fatigue Assessment Score (FAS), St.
George’s Respiratory Questionnaire (SGRQ), and the Sarcoidosis Assessment Tool.

RESULTS: Nicotine treatment was associated with a clinically significant, approximately
2.1% (70 mL) improvement in FVC from baseline to 26 weeks. FVC decreased by a similar
amount (2.2%) in the placebo group, with a net increase of 140 mL (95% CI, 10-260) when
comparing nicotine vs placebo groups at 26 weeks. FEV; and FAS improved marginally in the
nicotine-treated group, compared with those on placebo. No improvement was observed in lung
texture score, FAS, St. George’s Respiratory Questionnaire score, or the Sarcoidosis Assessment
Tool. There were no reported serious adverse events or evidence of nicotine addiction.

INTERPRETATION: Nicotine treatment was well tolerated in patients with active pulmonary
sarcoidosis, and the preliminary findings of this pilot study suggest that it may reduce disease
progression, based on FVC.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov; No.. NCT02265874; URL: www.
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Take-home Points

Study Question: Is nicotine treatment well tolerated,
and will it improve lung function in patients with
active pulmonary sarcoidosis?

Results: Treatment with transdermal nicotine for
6 months was shown to be safe and was associated
with a statistically significant improvement in lung
function, as reflected by FVC. There was a trend
toward improvement in fatigue scores in the nicotine
treatment group.

Interpretation: This pilot study provides encour-
aging preliminary data in support of conducting
additional research to determine if transdermal
nicotine is efficacious for the treatment of pulmonary
sarcoidosis.

Sarcoidosis is a granulomatous disease of unknown
cause that most often involves the lungs but can affect
virtually any other part of the body, and for which
highly effective and well-tolerated therapies are lacking.
A recent expert consensus statement recommends
corticosteroids as the first-line therapy for sarcoidosis."
However, patients with sarcoidosis often denounce the
use of steroids based on common adverse side effects
such as weight gain, mood swings, easy bruising,
osteoporosis, glucose intolerance, and hypertension.”
Systemic glucocorticoids also increase the risk of serious
infections.” From a patient perspective, the studies
indicate that patients with active sarcoidosis experience
a dose-dependent reduction in perceived quality of life
with increasing corticosteroid dose.” Thus, the currently
accepted front-line therapy for sarcoidosis is inadequate.

Compelling evidence indicates that nicotine can
modulate an array of inflammatory conditions,
including granulomatous diseases. Indirect evidence is
provided by smokers who are chronically exposed to
nicotine and are protected from hypersensitivity
pneumonitis5 and sarcoidosis,6’7 and smoking increases
the risk of spread of TB, an infectious disease that is
regulated by granulomatous inflammation,” presumably
due to suppression of the immune response by nicotine.’
Direct evidence indicates that nicotine suppressed
hypersensitivity pneumonitis in a mouse model,"” and
preliminary data suggest that nicotine enemas may be
beneficial for the treatment of Crohn’s disease."’
Nicotine is shown to normalize innate immune
responses in patients with active pulmonary
sarcoidosis.'” The mechanism by which nicotine
suppresses granulomatous inflammation is unclear.
However, studies indicate that activation of alpha-7
nicotinic receptors encourages autophagy,'” which
could promote antigen clearance, and polarizes
macrophages toward a regulatory phenotype."*

Based on the compelling evidence indicating that
nicotine suppresses granulomatous inflammation, we
hypothesized that sustained nicotine treatment would
attenuate the progression of pulmonary sarcoidosis. We
further hypothesized that nicotine would be well
tolerated and safe in patients with active pulmonary
sarcoidosis, which would be of critical importance and
interest to patients given the current conventional
treatment options. To this end, we conducted a
randomized, double-blinded, placebo-controlled pilot
study of nicotine patches for the treatment of active
pulmonary sarcoidosis aimed at providing preliminary
estimates of efficacy, along with critical information on
side effects and patient acceptance.”

Patients and Methods

With single institutional review board approval, led by OSU, we

conducted a randomized, double-blind, controlled pilot study of
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daily nicotine transdermal patch treatment and placebo at 2 sites:
The Ohio State University Wexner Medical Center and the
Cleveland Clinic. Additional details regarding the clinical trial
design, recruitment, and intervention and methods were recently
published."” Subjects aged = 18 years were enrolled who fulfilled the
current American Thoracic Society criteria for sarcoidosis,'® with
evidence of active pulmonary sarcoidosis, based on symptoms (ie,
dyspnea, cough), biopsy-confirmed noncaseating granulomas (and no
evidence of alternative diagnosis), and objective radiographic
evidence of infiltrates consistent with nonfibrotic lung disease, as per
the physician investigators in collaboration with expert thoracic
radiologists. Importantly, patients were excluded who received doses
of corticosteroids exceeding 10 mg/d or equivalent or steroid-sparing
agents, such as methotrexate and azathioprine, or anti-tumor
necrosis factor antibody treatments. Also excluded were those
exposed to nicotine within 1 month of enrollment and those
considered at some risk for complications related to the
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sympathomimetic properties of nicotine, including active neurologic or
cardiovascular disease or subjects with active malignancy within 1 year
of study enrollment.

Study Procedures

Eligible and consented patients were randomized, through a Web-
based centralized system, stratified according to site and with equal
allocation, to receive transdermal nicotine therapy or an identical
placebo control patch.'> To reduce side effects, the nicotine patch
dose was gradually increased at 1-week intervals from 7 mg to
14 mg to 21 mg daily, as tolerated. Those who could not tolerate
dose escalation were maintained on their highest tolerated dose (up
to 21 mg daily) for 24 weeks. To avoid withdrawal symptoms at
study termination, the nicotine dose was tapered by 7 mg at weekly
intervals prior to discontinuation. Study treatment was distributed
on the day of randomization and at the week 10 visit, or as needed
due to dose de-escalation. Patient-reported use and serum cotinine, a
nicotine metabolite, was used to monitor compliance with allocated
treatment at study weeks 10 and 26. Participants, as well as study
coordinators, treating physicians, and the primary study statistician,
were blinded as to the randomized treatment received.

Primary and Secondary End Points

Although the study was not powered to establish efficacy, it was
designed to provide preliminary estimates of the difference between
randomized groups for FVC change, the primary end point, at study
week 26 (following 24 weeks of treatment), as well as an estimate of
the difference in the change from baseline to study week 26 between
randomized groups in FVC. FVC and FEV, were measured from
pulmonary function tests and were corrected for race by using the
National Health and Nutrition Examination Survey equation.'” An
additional outcome was to measure if sustained nicotine patch
treatments were well tolerated by patients with active pulmonary
sarcoidosis, quantified through reports of side effects, adverse events,
and continued use of the patches.

Objective changes in lung manifestations of sarcoidosis were assessed
from a computer-generated lung texture score (LTS) derived from
lung CT scans at baseline and study week 26. LTS is designed to
disregard normal anatomical features (eg, linear structures such as
blood vessels, airways, lymphatics) to emphasize the signal from

diseased tissue (eg, nodular, fibrotic manifestations), as described in
full detail in our previous publication.'® Standardized surveys were
administered to assess symptoms of fatigue (Fatigue Assessment
Scale)'” and sarcoidosis-related changes in quality of life (Sarcoidosis
Assessment Tool),”” and dyspnea (St. George’s Respiratory
Questionnaire) at baseline and study weeks 10, 18, and 262" To
screen for nicotine addiction, we contacted all study subjects
approximately 1 month following completion of the study to
determine if they were using nicotine-containing products.

Statistical Methods

Study sample size and design considerations have been previously
detailed.”” Our planned study recruitment goal was to randomize
25 participants per treatment group, for a total of 50 participants.
We expected that this number of patients would provide robust
data for planning a subsequent Phase III trial but would not have
high power to detect the expected improvements in those
randomized to receive nicotine therapy, expected to be an effect
around 3%. Participant demographic, medical history, and clinical
baseline characteristics are described according to randomized
group and overall to characterize the cohort. Primary and
secondary analyses were conducted by randomized group in line
with an intention-to-treat model. Longitudinal linear mixed effects
models were used to estimate the average difference as well as
the average differences in the change from baseline between
randomized groups, while accounting for measurements within
participants over time. All three repeated measures at baseline and
week 26 of FVC and FEV were included in these models.
Longitudinal models include fixed effects for randomized treatment
group, time point (baseline, week 10, week 18, and week 26 where
available), and the interaction between treatment group and time,
as well as a random intercept for each participant and unstructured
covariance structure. A priori, adjustment for sex was considered
potentially important as a prognostic factor for study outcomes and
included in longitudinal models.

CIs and P values are all two-sided and presented at the nominal level.
Data management was conducted by using SAS version 9.4 (SAS
Institute, Inc.). Analysis was performed in Stata release 15
(StataCorp LLC).

Results

Between October 2015 and January 2019, fifty
participants were randomized to study treatment.
Following randomization, one participant was
determined not to have active disease, did not receive
any study therapy, and was excluded from follow-up,
leaving 49 randomized and eligible participants. Of
these 49, a total of 40 (81.6%) participants were
followed up through the end of study week 26 (Fig 1).
Three participants withdrew from study treatment; one
was unable to comply with study treatment and follow-
up (randomized to the placebo group), one chose to
discontinue treatment due to side effects at study week
3 (randomized to the nicotine group; itching at patch
site), and one discontinued due to adverse side effects
that included nausea, vivid dreams, and vomiting at
study week 13 (randomized to the nicotine group). Of
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the remaining six participants who were lost to follow-
up, three discontinued prior to study week 10. Eight
participants had a reduced (or no increase) dose of
their randomized treatment due to reported side
effects such as nausea, dizziness, and headache, six of
whom were randomized to receive nicotine. As
evidenced by serum cotinine levels, two participants
randomized to receive placebo had detectable nicotine
levels, whereas six of those randomized to receive
nicotine treatment did not have detectable levels at
study week 26. No serious adverse events

attributable to study treatment were observed, and
none of the patients who were randomized to
nicotine treatment reported continued use of nicotine
products approximately 1 month following study

completion.
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Assessed for eligibility (N = 343)

Excluded (n = 293)

Not meeting inclusion/exclusion criteria (n = 260)
No active disease (n = 87)
Medication exclusion (n = 34)
Cardiac disease (n = 33)
No show/could not contact (n = 19)
Cardiac sarcoidosis (n = 17)
Current smoker (n = 15)
Neurosarcoidosis (n = 7)
Pacemaker (n = 3)
Multiple reasons (n = 12)
Other (n = 33)

Declined to participate (n = 28)

No per PCP (n = 4)

Did not return following screening (n = 1)

[ Randomized (n = 50) ]

|

!

!

Allocated to receive nicotine patch (n = 24)
Received allocated intervention (n = 24)

Allocated to receive placebo patch (n = 26)
Received allocated intervention (n = 25)
Randomized ineligible (n = 1)

!

|

Follow-up to 26 weeks:

FVC and FEV (n = 20)

Lung Texture Score (n = 21)
Fatigue Assessment Scale (n = 18)
6 Dose Reductions:

® 4 at max dose of 7 mg

e 2 at max dose of 14 mg

Follow-up to 26 weeks:

FVC and FEV (n = 20)

Lung Texture Score (n = 21)
Fatigue Assessment Scale (n = 17)
2 Dose Reductions:

¢ 1 at max dose of 7 mg

¢ 1 at max dose of 14 mg

Figure 1 — Study recruitment and follow-up. max = maximum; PCP = primary care physician.

Generally, baseline characteristics of patients receiving
the nicotine patch and placebo did not clinically differ.
Overall, the majority of participants had Medical
Research Council Dyspnea grade 1 (56%), were female
(61%), and were on average 54 (£SD 10) years of age at
enrollment. Nine subjects in the nicotine patch group
(37.5%) and seven in the control group (28.0%) were
taking low-dose prednisone (= 10 mg/d) for at least

1 month at the time of enrollment, with evidence of
active disease despite this treatment. The prednisone
dose was not adjusted during the duration of the study.
Despite randomization, those randomized to the
nicotine treatment group by chance had clinically higher
baseline FVC than those in the placebo group (Table 1),
which exceeded 5%, a clinically significant difference
relative to reported minimal clinically important FVC
change in interstitial lung disease trials.”> Of those
randomized to receive the nicotine patch, 38% were new
to treatment, and 24% were in the placebo patch group.

chestjournal.org

During the 24-week study period, mean FVC decreased
by 2.4% (70 mL) in the placebo group and increased by

2.1% (70 mL) in the nicotine group, for a mean
treatment effect of 140 mL (95% CI, 10-260) (Fig 2,
Table 2'7*"). Similarly, greater lung disease burden,
reflected by higher LTS, was observed in the placebo
group (mean =+ SE, 66.2 £ 4.6) compared with the
nicotine treatment group (mean =+ SE, 61.4 £ 4.7).
There was no evidence to suggest that LTS differed
between treatment groups following 24 weeks of
treatment, or that the difference in the change from
baseline was clinically different between randomized
groups.

Of the patient-reported surveys, the most clinically
meaningful difference between treatment groups was
observed in the Fatigue Assessment Score (FAS)
(difference in the change from baseline, -2.99; 95% CI,
-7.10 to 1.12), with those randomized to receive
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TABLE 1 | Baseline Characteristics According to Randomized Group

Characteristic Nicotine Patch (n = 24) Placebo Patch (n = 25) Total (N = 49)

Recruitment site

Cleveland Clinic 7 (29.2) 9 (36.0) 16 (32.7)
The Ohio State University 17 (70.8) 16 (64.0) 33 (67.3)
Race and ethnicity?
White non-Hispanic 15 (65.2) 13 (56.5) 28 (60.9)
Black non-Hispanic 6 (26.1) 10 (43.5) 16 (34.8)
Hispanic 2 (8.7) 0 2 (4.3)
Sex
Female 13 (54.2) 17 (68.0) 30 (61.2)
Male 11 (45.8) 8 (32.0) 19 (38.8)
Baseline BMI category®
Underweight/normal 3(12.5) 4 (16.0) 7 (14.2)
Overweight 9 (37.5) 8 (36.4) 17 (37.0)
Obese 12 (50.0) 10 (40.0) 22 (44.8)
Smoking status
Former smoker 7 (29.2) 2 (8.0) 9 (18.4)
Never smoker 17 (70.8) 23 (92.0) 40 (81.6)
Medical Research Council grade
1: Shortness of breath with minimal exertion 12 (52.2) 15 (60.0) 27 (56.3)
2: Walks slower than people of the same age 9 (39.1) 6 (24.0) 15 (31.3)
on the level because of breathlessness
3: Stops for breath after walking about 100 m 2 (8.7) 2 (8.0) 4 (8.3)
4: Breathless while performing activities of daily living 0 2 (8.0) 2 (4.2)
Treatment history
Newly treated, acute 9 (37.5) 6 (24.0) 15 (30.6)
Chronically active 15 (62.5) 19 (76.0) 34 (69.4)
Medical history (affected body systems)
Respiratory 22 (91.7) 22 (88.0) 44 (89.8)
Cardiovascular 14 (58.3) 13 (52.0) 27 (55.1)
Endocrine/metabolic 11 (45.8) 12 (48.0) 23 (46.9)
HEENT 9 (37.5) 11 (44.0) 20 (40.8)
GI 9 (37.5) 11 (44.0) 20 (40.8)
Musculoskeletal 10 (41.7) 8 (32.0) 18 (36.7)
Genitourinary/reproductive 7 (29.2) 8 (32.0) 15 (30.6)
Allergy 5 (20.8) 8 (32.0) 13 (26.5)
Hematologic/lymphatic 7 (29.2) 5 (20.0) 12 (24.5)
Neurologic/CNS 4 (16.7) 6 (24.0) 10 (20.4)
Psychological/psychiatric 4 (16.7) 5 (20.0) 9 (18.4)
Dermatological 4 (16.7) 5 (20.0) 9 (18.4)
Hepatic 3(12.5) 2(8.0) 5(10.2)
Other 6 (25.0) 8 (32.0) 14 (28.6)
Symptoms
Fatigue 13 (54.2) 8 (32.0) 21 (42.9)
Dyspnea 18 (75.0) 20 (80.0) 38 (77.6)
Cough 10 (41.7) 8 (32.0) 18 (36.7)
(Continued)
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TABLE 1 | (Continued)

Characteristic Nicotine Patch (n = 24) Placebo Patch (n = 25) Total (N = 49)
Chest pain 2 (8.3) 2 (8.0) 4 (8.2)
Skin rash 1(4.2) 2 (9.0) 3(6.1)
Arthralgia 1(4.2) 1(4.0) 2 (4.1)
Swollen lymph nodes 1(4.2) 0 1(2.0)
Headache 1(4.2) 0 1 (2.0)
Weakness 0 1 (4.0) 1 (2.0)
Other 12 (50.0) 13 (52.0) 25 (51.0)

Age at enroliment, y 51.8+11.5 55.8 + 8.0 53.9 4+ 10.0

Baseline BMI, kg/m?® 30.9 + 8.2 23.8+£ 7.0 31.9+ 7.6

Baseline FVC, L 3.3+1.1 29+1.1 3.1+1.1

Baseline % predicted FVC® 86.0 + 18.8 78.7 £ 17.3 82.2 + 18.2

Baseline FEV, 2.5+0.7 2.2+0.9 2.3+ 0.8

Baseline % predicted FEV, 77.7 £ 15.2 73.6 £ 21.1 75.6 + 18.4

Baseline FEV/FvC® 73.6 £7.3 74.9 +11.5 74.3 £ 9.6

Pack years of tobacco cigarette smoking® 15 (1-24) 13 (5-21) 15 (4-21)

Data are expressed as No. (%) or mean =+ SD unless otherwise indicated. HEENT = head, eyes, ears, nose, and throat.

“Three participants missing race/ethnicity.

®Three participants missing BML

“Based on National Health and Nutrition Examination Survey criteria.
d0ne participant missing FEV/FVC.

fAmong former smokers at baseline (n = 9 [nicotine group, n = 7; placebo group, n = 2]); median and interquartile range.

nicotine treatment having lower, on average, FAS at
26 weeks. There was no evidence to suggest that the
SAT or St. George’s Respiratory Questionnaire scale
measures at study week 26, or their change from
baseline, differed meaningfully between randomized
groups (Table 2).

Interpretation

Based on a body of evidence indicating that smoking
nicotine-containing cigarettes is protective against
developing sarcoidosis,”” and showing nicotine to be
immune modulating,g’14 we report herein on the first
randomized controlled pilot study to determine if
nicotine is well tolerated and is potentially beneficial for
the treatment of sarcoidosis. The study was
underpowered to show the expected treatment effect for
nicotine treatment, and despite randomization, there
were large baseline differences in FVC. Following
adjustment for baseline FVC,”” nicotine treatment was
associated with a modest but statistically significant
improvement in FVC with a similar reduction in FVC in
the control group. Moreover, nicotine was well tolerated
and was not addictive.

FVC is considered to be the most validated clinical end
point for interstitial lung diseases, including

chestjournal.org

autoimmune lung disease,”* fibrotic lung disease,”* and
*>2% and this pilot study showed a
statistically significant change in FVC in the nicotine
treatment group. However, despite randomization, the
observed differences in FVC results in the nicotine and
control groups were influenced by large baseline FVC
variability in the treatment arms. As such, direct
comparison of FVC following 24 weeks of treatment
between randomized groups was challenging. However,
the difference in FVC adjusted for baseline (a net change
of 140 mL) is encouraging.

in sarcoidosis,

In contrast to other studies designed to assess third-
line therapies for patients with otherwise treatment-
refractory pulmonary sarcoidosis, which showed
much smaller improvements in FVC,”” the intended
use of nicotine in our trial is as a first- or second-line
treatment (eg, instead of steroids or to reduce reliance
on steroids). Thus, our pilot nicotine trial is more
comparable to those using corticosteroids as first-line
treatment in which larger (7%-10%) FVC
improvements were documented during the initial
phases of treatment.”® " Several studies have shown
that the quality of life is reduced on a dose-dependent
basis among patients with pulmonary sarcoidosis who
are treated with corticosteroids.”’' A recent meta-
analysis indicated that chronic corticosteroid
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Figure 2 — A, Average FVC (95% CI) according to randomized treatment group at baseline and study week 26. B, Average FVC (95% Cl) difference at

week 26.

exposure among patients with immune-mediated
inflammatory diseases, even at low doses, is associated
with a significant risk of cardiovascular
complications.”” Thus, our preliminary findings
suggest that nicotine could serve as a well-tolerated
alternative to corticosteroids, the currently
recommended first-line treatment for sarcoidosis.'

Preservation of lung function, as reflected by FVC, is a
limited surrogate for sarcoidosis disease burden
because nonpulmonary manifestations may have
important implications for overall quality of life. For
instance, deconditioning is a common complication of
sarcoidosis, and exercise has been shown to improve
effort-dependent metrics such as FVC and 6-min walk
distance, presumably due to improved conditioning.”
Fatigue and inability to focus or process new
information are very common symptoms among
patients with active pulmonary sarcoidosis, and they
have important implications for lower quality of life.”*
Activation of nicotinic receptors in the brain results in
CNS activation that is shown to improve cognitive
function and suppresses appetite.”” The results of this
small pilot study provide preliminary evidence
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suggesting an encouraging trend toward improvement
in fatigue symptoms based on the FAS, a metric that
has been validated for use in patients with
sarcoidosis.'”

There are a number of limitations of this pilot study that
were largely influenced by the small study size. Due to
the limited study size, the observed statistically
significant changes in FVC between groups following
24 weeks of treatment and within groups compared with
baseline should be considered preliminary supportive
evidence and should not encourage health care providers
to treat patients with nicotine patches. Likewise,
nonstatistical trends for FAS and other quality of life
measures, as well as LTS derived from CT scans, should
be viewed as inconclusive pending a larger clinical trial.
Finally, the small size of the study does not allow us to
state with certainty that transdermal nicotine patch
treatment is not addictive. However, a prior study of
similar design, except of 12 weeks’” duration instead of
24 weeks, also reported no evidence of nicotine
addiction."”

There are a number of potential advantages to further
evaluating nicotine as a new, front-line therapy for
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TABLE 2 ] Primary and Secondary Outcomes According to Randomized Group

Outcome

Nicotine Patch
n=24
Mean + SE [n]

Placebo Patch
n=25
Mean + SE [n]

Difference (95% CI), P Value

Sex-Adjusted Difference (95% CI), P Value

FvC, L®

Week 26

Baseline

Change from baseline
FEV,?

Week 26

Baseline

Change from baseline
Lung texture score®”@

Week 26

Baseline

Change from baseline
Fatigue Assessment Scale'®3°

Week 26

Baseline

Change from baseline
Sarcoidosis Assessment Tool*“-2°
Week 26
Baseline

Change from baseline

St. George’s Respiratory Questionnaire®%2

Week 26

Baseline

Change from baseline
Serum cotinine®

Week 26

Baseline

Change from baseline

3.40 + 0.223 [n = 20]
3.34 + 0.220 [n = 24]
0.07 + 0.04

2.51 + 0.167) [n = 20]
2.47 + 0.167 [n = 24]
0.037 + 0.020

60.38 + 4.70 [n = 21]
61.35 + 4.72 [n = 24]
-0.97 + 3.46

23.60 £ 1.55 [n = 18]
26.42 £ 1.37 [n = 23]
-2.82 £ 1.46

116.17 + 4.82 [n = 14]
121.92 £ 4.05 [n = 19]
-5.75 + 3.91

35.15 + 4.76 [n = 18]
40.72 + 4.14 [n = 21]
-5.57 +2.84

136.64 + 28.31 [n = 19]
39.92 + 20.70 [n = 24]
96.72 + 20.26

2.86 + 0.219 [n = 20]
2.93 + 0.215 [n = 25]
-0.07 + 0.04

2.20 + 0.164 [n = 20]
2.21 + 0.164 [n = 25]
-0.0081 + 0.020

68.74 + 4.65 [n = 21]
66.19 + 4.62 [n = 25]
2.54 + 3.45

25.86 + 1.58 [n = 17]
25.69 + 1.37 [n = 23]
0.171 + 1.50

118.30 + 4.51 [n = 17]
123.64 + 3.90 [n = 21]
-5.34 + 3.42

34.21 + 4.52 [n = 19]
40.99 + 3.88 [n = 24]
-6.78 + 2.76

23.84 +28.03 [n = 19]
33.68 + 20.28 [n = 25]
-9.84 + 20.26

0.54 (-0.07 to 1.16) .081

0.14 (0.01 to 0.26) .015

0.31 (-0.15to 0.77) .190

0.05 (-0.01 to 0.10) .120

-8.36 (-21.32 to 4.61) .206

-3.51(-13.10 to 6.07) .473

-2.26 (-6.61 to 2.08) .307

-2.99 (-7.10 to 1.12) .154

-2.13 (-15.07 to 10.81) .757

-0.415 (-10.60 t0 9.77) .936

0.94 (-11.93 to 13.82) .886

1.21 (-6.56 to 8.97) .761

112.80 (34.71 to 190.90) .005

106.56 (50.40 to 162.72) < .001

0.36 (-0.14 to 0.87) .158

0.14 (0.03 to 0.25) .015

0.18 (-0.21 to 0.56) .372

0.05 (-0.002 to 0.09) .061

-8.11 (-21.30 to 5.07) .228

-3.50 (-13.09 to 6.08) .474

-1.66 (-5.64 to 2.32) .414

-2.93 (-7.02t0 1.17) .161

-1.85(-13.93 to 10.23) .764

-0.91 (11.16 to 9.34) .862

3.42 (-9.33 to 16.16) .599

1.09 (-6.71 to 8.88) .785

111.44 (32.07 to 190.81) .006

106.62 (50.44 to 162.79) < .001

LYET

?Estimates obtained from a linear mixed effects model that accounted for correlation within participants over time, and when applicable in repeated measurements at each time point (FVC). Longitudinal models
included an indicator variable for randomized treatment and a categorical variable for time point as main effects, as well as their interaction term.
®Only participants with all non-missing scale components were included.
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sarcoidosis. As opposed to corticosteroids (the primary
treatment used for sarcoidosis), nicotine does not
promote weight gain, glucose intolerance,

or susceptibility to severe infections or cardiovascular
disease,”” and it has the added benefit of potentially
reducing fatigue. Nicotine has advantages over steroid-
sparing agents, such as methotrexate and azathioprine,
including lower risk for hepatotoxicity and bone
marrow suppression and related infections.
Furthermore, transdermal nicotine was shown to be
well tolerated and safe, and is already approved by the

US Food and Drug Administration for use in other
human conditions.

Our preliminary findings in this pilot study indicate that
nicotine patches are nonaddictive, but this possibility
remains a concern. If shown to be safe and beneficial in
a future, appropriately powered study, nicotine is poised
to be rapidly repurposed for the treatment of sarcoidosis.
Additional studies are required to determine if nicotine
is a viable alternative to prednisone, the current
recommended first-line therapy,' for the treatment of
pulmonary sarcoidosis.
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