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A B S T R A C T  

Introduction : Sar coido sis is a sys temic gran u lo ma tous dis ease of un known cause af flict ing young to mid dle - 
aged adults. The ma jor ity of pa tients with ac tive pul monary sar coido sis com plain of over whelm ing fa tigue, 
which of ten per sists de spite ad min is tra tion of im mune - modulating drugs typ i cally used to treat sar coido sis. 
Nico tine of fers an al ter na tive to con ven tional treat ments, which are as so ci ated with a spec trum of se ri ous un - 
to ward ef fects, in clud ing di a betes mel li tus, os teo poro sis, bone mar row sup pres sion, se vere in fec tions, cir rho - 
sis. The de scribed pi lot ran dom ized trial aims to pro vide pre lim i nary data re quired to de sign sub se quent Phase 
II/ III tri als to for mally eval u ate nico tine as a novel low - cost and highly - effective, safe treat ment op tion for pa - 
tients with ac tive pul monary sar coido sis. 
Methods : and De sign: This is a ran dom ized dou ble - blind con trolled trial of adults with con firmed pul monary 
sar coido sis, al lo cated in equal pro por tion to sus tained re lease trans der mal nico tine or placebo patch. The pri - 
mary ob jec tive out come is the im prove ment in forced vi tal ca pac ity at study week 26 from base line mea sure - 
ment. Sec ondary mea sures in clude lung tex ture score, and self - reported out comes in clud ing the Fa tigue As - 
sess ment Scale, the St George's Res pi ra tory Ques tion naire, and the Sar coido sis As sess ment Tool. 
Discussion : Cur rent ther a pies for ac tive pul monary sar coido sis, re main ei ther ex pen sive and of ten with nu mer - 
ous side - effects, as with novel in dus try de vel oped ther a pies, or with re duced qual ity of life, as with cor ti cos - 
teroids. Nico tine ther apy pro vides promise as a safe, avail able, and cost - effective in ter ven tion strat egy, which 
we ex pect to be ac cept able to pa tients. 
ClinicalTrials. gov : NC T02265874. 

1 . Introduction 

Sar coido sis is a sys temic gran u lo ma tous dis ease of un known cause 
af flict ing young to mid dle - aged adults. Sar coido sis is char ac ter ized by 
the de vel op ment of non - necrotizing gran u lo ma tous in flam ma tion in 
the ab sence of iden ti fi able in fec tious, au toim mune or en vi ron men tal 
causes. The dis ease typ i cally in volves the lungs, fre quently lead ing to 
im paired ex er cise tol er ance and as so ci ated dys p nea. The ma jor ity of 
pa tients with ac tive pul monary sar coido sis com plain of over whelm ing 
fa tigue, which of ten per sists de spite ad min is tra tion of im mune - 
modulating drugs typ i cally used to treat sar coido sis [ 1 , 2 ]. First - line 
ther a pies for sar coido sis are of ten in ef fec tive, poorly tol er ated, and 

pro mote long - term health com pli ca tions. In dus try - sponsored clin i cal 
tri als have tested pro pri etary, ex pen sive, and po ten tially toxic ther a - 
pies that are typ i cally re served for re frac tory cases of sar coido sis [ 3 ]. 
There fore, in ves ti ga tion of al ter na tive ther a pies, par tic u larly those al - 
ready ap proved for other uses, is of par tic u lar in ter est. Re pur pos ing of 
well tol er ated and widely avail able ther a pies is ef fi cient in terms of 
time and dol lars spent for the dis cov ery of ef fec tive treat ments for pa - 
tients with sar coido sis. 

Nico tine may be ben e fi cial for the treat ment of pul monary sar - 
coido sis. At least three in de pen dent epi demi o log i cal stud ies have in di - 
cated that smok ers and chew ing to bacco users, who are chron i cally 
ex posed to nico tine, have nearly a 2 - fold lower risk of de vel op ing sar - 
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Fig. 1 . In clu sion & Ex clu sion cri te ria. 

Fig. 2 . Study Time line and Fol low up. 

coido sis [ 4 – 6 ]. Nico tine re pro grams in flam ma tory path ways through 
the ac tions of α7 nico tinic re cep tors, thereby in hibit ing var i ous pro - 
inflammatory im mune re sponses [ 7 – 10 ]. Re pro gram ming of Th1 im - 
mu nity could ex plain the re ported ben e fits of nico tine treat ment for 
Crohn's dis ease (e.g., nico tine en e mas) and hy per sen si tiv ity pneu - 
moni tis, gran u lo ma tous dis or ders of the in testines and lungs, re spec - 
tively [ 11 , 12 ]. Our pi lot ob ser va tional work has shown that nico tine 
is well - tolerated and nor mal izes Th1 type im mune re sponses in pa - 
tients with ac tive pul monary sar coido sis [ 13 ]. 

Nico tine of fers an al ter na tive to con ven tional treat ments, which 
are as so ci ated with a spec trum of se ri ous un to ward ef fects, in clud ing 

di a betes mel li tus, os teo poro sis, bone mar row sup pres sion, se vere in - 
fec tions, cir rho sis [ 14 , 15 ]. For in stance, the use of cor ti cos teroids, the 
main stay of pul monary sar coido sis treat ment, pro motes all of the 
afore men tioned detri men tal health risks and de spite be ing ef fi ca cious 
for sup press ing sar coido sis dis ease ac tiv ity is in de pen dently as so ci ated 
with a re duced qual ity - of - life [ 16 ]. Po tent anti - TNFα agents are typ i - 
cally re served for the treat ment of re frac tory dis ease, given they are 
ex pen sive, are not for mally ap proved for use in sar coido sis and they 
may cause se ri ous com pli ca tions [ 14 , 15 , 17 ]. Nico tine has anti - 
inflammatory prop er ties that could ex plain the lower risk of sar coido - 
sis among smok ers [ 4 – 6 ], and nico tine my of fer im prove ment in qual - 
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Fig. 3 . Study re cruit ment. 

ity of life re lat ing to im proved men tal fo cus and at ten tive ness, which 
are com mon symp toms of sar coido sis [ 18 ]. Based upon these ob ser va - 
tions and our sup port ive pre lim i nary data, we hy poth e sized that nico - 
tine would be safe and well - tolerated ther apy in pa tients with ac tive 
pul monary sar coido sis and that it would be an ef fec tive ther apy for 
sar coido sis. If shown to be ef fec tive, the con tri bu tion has the po ten tial 
to be sig nif i cant given nico tine is read ily avail able to pa tients, has 
been shown to be well - tolerated in other pa tient groups, and rep re - 
sents a low - cost, low - risk al ter na tive to cur rently avail able treat ments. 
Our pi lot ran dom ized trial aims to pro vide pre lim i nary data re quired 
to de sign sub se quent Phase II/ III tri als aimed at the for mal eval u a tion 
of nico tine as a novel low - cost and highly - effective safe treat ment op - 
tion for pa tients with ac tive pul monary sar coido sis. 

2 . Methods 

2. 1 . Overview of study design, rationale and objectives 

This is a ran dom ized, par al lel 2 - arm trial for adults with con firmed 
pul monary sar coido sis. It is dou ble - blinded and placebo - controlled. 
We note that this pi lot ran dom ized trial is pri mar ily de signed to pro - 
vide clin i cal ef fi cacy and safety data to in form a de ci sion to move 
onto a larger and more com pre hen sive multi - site phase III ran dom ized 
clin i cal trial. The cur rent ob jec tive stan dard for as sess ing dis ease sta - 
tus in pa tients with pul monary sar coido sis are the clin i cal end points 
of se r ial pul monary func tion test ing, par tic u larly forced vi tal ca pac ity 
(FVC). There fore, our first aim is to mea sure the im prove ment over 
base line at 24 weeks of ther apy in FVC in pa tients as signed to trans - 
der mal nico tine ther apy com pared to those as signed to placebo. 

How ever, se r ial FVC mea sure ments can vary by up to 10%, and 
ex pected changes in FVC with ef fec tive ther a pies is typ i cally less than 
5%, ne ces si tat ing larger clin i cal tri als to demon strate de fin i tive ef fi - 
cacy. In con trast, changes in ra di ographic pul monary dis ease man i fes - 
ta tions in the con text of ef fec tive ther a pies for sar coido sis are less 

vari able than FVC [ 19 ], and more di rectly rep re sents changes in dis - 
ease bur den in lung tis sues. Changes in pul monary ra di ographic dis - 
ease bur den are also an ac cepted sur ro gate for FVC and other clin i cal 
end points [ 20 – 23 ]. There fore, we have de vel oped an ob jec tive com - 
put er ized CT im age analy sis tool that can de tect the com mon man i fes - 
ta tions of pul monary sar coido sis and cor re lates strongly with FVC 
[ 24 ]. Of note, our data demon strates strong cor re la tions be tween the 
Lung Tex ture Score (LTS) de rived from com put er ized CT im age analy - 
sis and lung dis ease sever ity (as re flected by FVC, to tal lung ca pac ity 
(TLC), and lung dif fus ing ca pac ity) in other in ter sti tial lung dis eases, 
which fur ther val i dates this novel lung CT im age analy sis ap proach. 
Our sec ond aim is to ex plore changes in LTS at 24 weeks of ther apy 
be tween ran dom ized groups. 

A fur ther aim is to as sess sub jec tive clin i cal end points re lat ing to 
dis ease - specific symp toms. For in stance, fa tigue is among the most 
com mon and dis abling symp toms as so ci ated with sar coido sis, which is 
of ten re frac tory to con ven tional sar coido sis treat ments [ 16 , 25 ], and 
there is rea son to be lieve that nico tine treat ment will at ten u ate these 
symp toms [ 18 , 26 , 27 ]. Fi nally, we will de ter mine the safety and tol er - 
a bil ity of nico tine ther apy for pa tients with pul monary sar coido sis. 

2. 2 . Ethics approval and consent to participate 

The trial pro to col and con sent doc u ments were ap proved un der a 
com mon IRB ap pli ca tion by The Ohio State Uni ver sity Bio med ical In - 
sti tu tional Re view Board (IRB), as the pri mary site, and the Cleve land 
Clinic Foun da tion IRB. Prior to study spe cific ac tiv i ties, con sent was 
ob tained from all po ten tial par tic i pants. 

2. 3 . Recruitment, enrollment, and retention 

Pa tients were ap proached, con sented, and en rolled as they were 
se quen tially iden ti fied at two re cruit ment sites (The Ohio State Uni - 
ver sity Wexner Med ical Cen ter (OS UMC) and the Cleve land Clinic 
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Table 1 
Char ac ter is tics of ran dom ized par tic i pants. 

Baseline Characteristic N  =  49 

(%) 

Recruitment Site 
Cleveland Clinic 16 

(32.7%) 
The Ohio State University 33 

(67.3%) 
Race and ethnicity a 

White Non - Hispanic 28 

(57.1%) 
Black Non - Hispanic 16 

(32.7%) 
Hispanic 2 

(4.1%) 
Sex 
Female 30 

(61.2%) 
Male 19 

(38.8%) 
Baseline BMI Category b 

Under/Normal weight 7 

(14.3%) 
Overweight 17 

(34.7%) 
Obese 22 

(44.9%) 
MRC grade 
1 - Shortness of breath when hurrying on the level or walking up a slight 

hill 
27 

(56.3%) 
2 - Walks slower than people of the same age on the level because of 

breathlessness or as to stop for breath when walking at own pace on 
the level 

15 

(31.3%) 
3 - Stops for breath after walking about 100  m or after a few minutes on 

the level 
4 

(8.3%) 
4 - Too breathless to leave the house or breathless when dressing or 

undressing 
2 

(4.2%) 
Smoking 
Former Smoker 9 

(18.4) 
Never Smoker 40 

(81.6) 
Mean 
(SD) 

Age at enrollment 53.9 

(10.0) 
Baseline BMI [n  =  46] b 31.9 

(7.6) 
Baseline average FVC 3.1 

(1.1) 

Table 1 ( continued ) 
Baseline Characteristic N  =  49 

(%) 
Baseline average FEV 2.3 

(0.8) 
Pack years of tobacco cigarette smoking [n  =  9]: 14.4 

(14.4) 
a Three participants are missing race/ ethnicity. 
b Three participants are missing BMI. 

Foun da tion) based on study el i gi bil ity cri te ria ( Fig. 1 ). Di ag no sis of 
pul monary sar coido sis was de ter mined based on es tab lished clin i cal 
cri te ria [ 28 ]. If dur ing screen ing the po ten tial par tic i pant had clin i - 
cally sig nif i cant wors en ing of sar coido sis that re quired ad just ment of 
med ica tion, this po ten tial par tic i pant was con sid ered a screen fail ure 
and not el i gi ble at that screen ing visit. El i gi ble par tic i pants were re - 
quired to be on no treat ment or have sta ble treat ment for at least one 
month prior to en roll ment. El i gi ble and con sented pa tients were ran - 
dom ized in a 1:1 ra tio to re ceive trans der mal nico tine up to 21 mg/ 
daily or a sim i lar - appearing placebo patch. Base line mea sure ments, 
in clud ing de mo graph ics, med ical his tory, vi tal signs, cur rent med ica - 
tions, symp toms, and pul monary func tion tests (PFTs) were made at 
the screen ing and base line vis its on all pa tients prior to re ceiv ing their 
ran dom ized as signed treat ment. A chest x - ray was per formed at 
screen ing if one had not been done within the past year. Prior to all 
ra di a tion pro ce dures, a urine preg nancy test was per formed on fe male 
pa tients. 

To cover travel, park ing, and time ex penses re lated to par tic i pa - 
tion, par tic i pants were pro vided $50 stipend at each of the six in per - 
son study vis its, and when nec es sary, more sup port based on the dis - 
tance needed to travel. Fi nally, the study team arranged travel to and 
from study vis its by taxi. 

2. 4 . Study treatment 

Sus tained re lease trans der mal nico tine (7  mg, 14  mg, and 21  mg 
daily dose patches) and match ing placebo patches were pro vided to 
all ran dom ized par tic i pants. Par tic i pants were in structed to ap ply the 
nico tine patches or match ing con trol patches daily ac cord ing to the 
man u fac tur er's rec om men da tions and in com pli ance with an FDA ap - 
proved dos ing reg i men. 

Treat ment Reg i men: To op ti mize pa tient com pli ance and min i mize 
side ef fects, nico tine (or match ing placebo patch) treat ment be gan 
with a 2 - week phase - in pe riod, dur ing which the dose of treat ment 
was in creased weekly to wards the high est tol er ated dose, via trans - 
der mal patch (7  mg patch, 14  mg patch, 21  mg patch). Pa tients were 
main tained on the high est tol er ated dose (7 – 21  mg patch) through 
study week 26. Nico tine treat ment was then deesca lated weekly (i.e., 
14  mg, 7  mg), and dis con tin ued ( Fig. 2 ). When in tol er ance de vel oped, 
the dose was re duced to the high est pre vi ously tol er ated dose. In tol er - 
ance to nico tine was de ter mined as any side ef fect, mi nor or se ri ous, 
which caused the pa tient to choose to or be rec om mended by their 
clin i cal team to re duce dose. 

Ran dom iza tion and Blind ing: Pa tients were ran dom ized to nico tine 
or placebo patch in a 1:1 ra tio through the elec tronic data cap ture 
plat form RED Cap [ 29 ]. The ran dom iza tion scheme was de vel oped and 
im ple mented by the study sta tis ti cians; it was strat i fied by study site 
in per muted blocks of vary ing size of two and four. The al lo ca tion 
scheme was la beled “A” or “B”, with the al lo ca tion key held with one 
of the study sta tis ti cians and one non - clinical study staff mem ber who 
la beled study drug to en sure clin i cal staff who re cruited and fol lowed 
par tic i pants were blinded to treat ment group. 
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Prepa ra tion, Ad min is tra tion, and Mon i tor ing of Study Drug: Study 
drug was pre - packaged with an as signed study ran dom iza tion num ber 
cor re spond ing to the al lo cated ran dom ized treat ment. At each clin i cal 
cen ter, iden ti cally la beled nico tine and placebo patches were dis trib - 
uted to par tic i pants as per their study ran dom iza tion num ber. Par tic i - 
pants were in structed to ap ply one new patch every day to clean and 
dry skin. Par tic i pants were ad vised to ap ply patches to a new site on 
the body each day to avoid lo cal skin ir ri ta tion. Study drug was dis - 
trib uted on the day of ran dom iza tion and at week 10, or as needed to 
mod ify the study drug dose. Sub ject com pli ance with study ther apy 
and ab sti nence from nico tine use ex ter nal to the trial was mon i tored 
ob jec tively at reg u lar in ter vals, by mea sur ing serum co ti nine lev els, a 
sta ble nico tine metabo lite (base line, study week 10, study week 26). 

Prior and Con comi tant Ther apy: Study sub jects re mained on prior 
and con comi tant med ica tions, as tol er ated, for the du ra tion of the 
study. The ad di tion of new med ica tions or changes in cur rent med ica - 
tion doses were not ad vised, and noted as a pro to col vi o la tion; how - 
ever pa tients were not with drawn from study ther apy in these in - 
stances, un less oth er wise nec es sary due to ad verse re ac tions or by the 
choice of the study sub ject. 

2. 5 . Outcomes 

Pri mary out come: The pri mary end point of the study will be im - 
prove ment in FVC over base line at study week 26. Post - 
bronchodilator FVC, forced ex pi ra tory vol ume in 1  s (FEV1), peak ex - 
pi ra tory flow rate (PEFR), and forced ex pi ra tory flow at 25% – 75% of 
vi tal ca pac ity (FE F25 - 75) were mea sured ac cord ing to the body tem - 
per a ture, pres sure, and sat u ra tion (BTPS) stan dard con ven tion. PFTs 
will be re peated up to 8 times to ob tain 3 ac cept able read ings ac cord - 
ing to Amer i can Tho racic So ci ety (ATS) guide lines. Ac cept able re - 
peata bil ity is achieved when the dif fer ence be tween the largest and 
the next largest FVC is  ≤  0.150  L and the dif fer ence be tween the 
largest and the next largest FEV1 is  ≤  0.150  L. How ever, if a sub ject 
was too tired to meet this con sis tency re quire ment, the PFT val ues 
from the best ef fort were recorded as long as this best ef fort meets the 
other ATS cri te ria. Sub jects were ad vised to re frain from us ing short 
act ing bron chodila tors for at least 4  h and long - acting bron chodila tors 
for at least 12  h prior to the screen ing visit. Per cent pre dicted FVC 
and FEV1 were cal cu lated ac cord ing to the Crapo equa tion, with cor - 
rec tion for race [ 30 ]. 

Sec ondary out comes : The sec ondary clin i cal end point of ma jor in - 
ter est was the im prove ment in to tal bur den of lung dis ease over base - 
line, as re flected by the com puter - generated CT im age analy sis or 
changes in lung func tion and mea sured by LTS [ 24 ]. CT scans were 
per formed at the base line as sess ment or within 3 months prior to en - 
roll ment so long as the fol low ing cri te ria were also met: 1) the CT 
scan was ob tained for clin i cal rea sons and on the same scan ner used 
for the re search study, 2) the pa tien t's sar coido sis treat ment reg i men 
was un changed within the past 3 months, and 3) res pi ra tory symp - 
toms (cough, dys p nea) were sta ble. The imag ing pro to col was stan - 
dard ized across the clin i cal cen ters: Non - contrast CT scans were ob - 
tained by us ing a he li cal tech nique with a 16 - or 64 - de tec tor row CT 
scan ner. Im ages were ob tained from lung apices to the lung bases in a 
sin gle breath hold with the fol low ing pa ra me ters: col li ma tion, 1.25 or 
0.625  mm; field of view, 36  cm; beam pitch, 1.35 or 1.375; gantry 
speed, 0.5 or 0.6  s/ ro ta tion; 120  kVp; 150 – 200  mA. Other out comes 
in clude serum co ti nine, as a mea sure of nico tine me tab o lism, and pa - 
tient re ported sur veys in clud ing the Fa tigue As sess ment Scale, the St. 
George Res pi ra tory Ques tion naire, and the Sar coido sis As sess ment 
tool [ 31 – 34 ]. 

Study par tic i pants un der went sched uled venipunc ture un der ster ile 
tech nique for the pur pose of ob tain ing 10  ml of blood to mea sure 
nico tine and nico tine metabo lites (at base line, 10, and 28 weeks). The 
blood sam ples were stored on site at OSU and CCF at −80  °F. 

Stan dard ized sur veys were ad min is tered at sched uled study - related 
vis its or by mail (self - addressed first class mail through the US postal 
ser vice). The Fa tigue As sess ment Scale (FAS) is a 10 - item pa tient self - 
report in stru ment with five items re flect ing phys i cal fa tigue and five 
as sess ing men tal fa tigue. The re sponse op tions range from never (1) to 
al ways (5) for a to tal score from 10 to 50 [ 34 ]. The St George's Res pi - 
ra tory Ques tion naire (SGRQ) is a dis ease - specific sur vey in stru ment 
de signed for use with adult sub jects to as sess the im pact of res pi ra tory 
dis ease and its treat ment on the sub jec t's health out comes [ 31 , 32 ]. 
The SGRQ is self - administered and is usu ally com pleted within 10 – 
20  min. The in stru ment con tains 76 items in three do mains: symp - 
toms (fre quency and sever ity), ac tiv ity lim i ta tions, and im pacts on so - 
cial and psy cho log i cal func tion ing. The Sar coido sis As sess ment Tool 
(SAT) is a self - administered health - related qual ity - of - life (HRQL) in - 
stru ment that is val i dated against other stan dard ized HRQL in stru - 
ments for pa tients with ac tive sar coido sis and is fur ther val i dated to 
specif i cally de tect changes in the sever ity of lung in volve ment [ 33 ]. 

2. 6 . Sample size and analysis methods 

For this pi lot ran dom ized trial, we planned to re cruit 50 pa tients 
(25 per treat ment group) within the study time frame given pa tient 
vol ume and es ti mated study par tic i pa tion rates. Based on the clin i cal 
im prove ment in FVC ob served in com pa ra ble im mune mod u lat ing 
agents, such as in flix imab, we ex pected to see up to 3% av er age im - 
prove ment in FVC in the nico tine treat ment group [ 19 ]. At the de sign 
stage, we ac knowl edged that 25 pa tients per treat ment group would 
be enough to gather data for fu ture plan ning, but would be too few to 
achieve sig nif i cance un less the ef fect of nico tine on FVC was large, 
over 5%, as sum ing 5 – 10% vari ance be tween con sec u tive FVC mea - 
sure ments. Fur ther, this pi lot study was not de signed to de tect ra di - 
ographic changes af ter nico tine treat ment [ 13 ]. How ever, based upon 
the re sults of a re cent Phase II sar coido sis clin i cal trial that noted sig - 
nif i cant im prove ments in the “ra di ol ogy score” with low dose anti - 
TNFα drug com pared to con trols, and which was struc tured al most 
iden ti cally to the study pro posed herein, we would re quire 55 pa tients 
in each group (nico tine treat ment and placebo) to de tect a 15% dif fer - 
ence in LTS score change be fore and af ter treat ment with 90% power 
and type I er ror at 0.05 as sum ing a stan dard de vi a tion of LTS score 
change at 20%. Thus, it is ex pected that this pi lot study will be un der - 
pow ered to de tect a sig nif i cant change in the LTS fol low ing nico tine 
treat ment, but will be use ful for es ti mat ing the next study size. 

De scrip tive sum maries of all pa tient char ac ter is tics, in clud ing de - 
mo graph ics, med ical his tory, and clin i cal base line mea sures will be 
used to as sess data qual ity and com plete ness, as well as to char ac ter - 
ize the co hort over all and by ran dom ized group. Analy sis of the pri - 
mary end point, FVC, and sec ondary mea sures such as the LTS score, 
the FAS, SGRQ, and SAT, will em ploy a lon gi tu di nal model, with 
base line and post in ter ven tion mea sure ments as de pen dent vari ables 
to es ti mate the change be tween study week 26 and base line [ 35 ]. 
These mod els will con tain fixed ef fects for ran dom ized treat ment 
group, time point, and the in ter ac tion be tween treat ment group and 
time. All pa tients will be in cluded in these lon gi tu di nal mixed mod els, 
whether or not base line or post in ter ven tion mea sure ments are miss - 
ing. With just two mea sures, we will use an un struc tured co vari ance 
struc ture, which al lows the vari ances of the base line and post mea - 
sures to dif fer. We will con sider ad just ment for race and sex, how ever 
in ter ac tion ef fects will only be ex plored in sen si tiv ity analy ses. We 
will re port p - values for these as sec ondary out comes, and de rive 
mean ing only if our pri mary out come (FVC) shows sig nif i cance. Bi - 
vari ate plots will be used to de scribe the re la tion ship be tween 
changes in FVC and LTS. As sum ing a 10% dropout be fore fol low - up, 
com plete data will be ob tained from ap prox i mately 22 sub jects in 
each arm of the study. The miss ing at ran dom (MAR) as sump tion will 
be our pri mary ad just ment for po ten tial miss ing data bias [ 36 ]. Sen si - 
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tiv ity analy ses will con firm the main find ings as rec om mended by the 
spe cial NAS panel on miss ing data in clin i cal tri als [ 36 ]. 

2. 7 . Safety reporting 

Study re port ing of safety data will in clude all un ex pected ad verse 
events oc cur ring be tween the time of con sent and fi nal fol low up 
(study week 32). Ad verse events will be clas si fied as: re lated, pos si bly 
re lated, or un re lated to study treat ment, along with the sever ity of 
each event (mild, mod er ate, or se vere). All ad verse events were dis - 
cussed with the Data Safety Mon i tor ing Com mit tee and mon i tored in 
co op er a tion with the study Steer ing Com mit tee. 

2. 8 . Recruitment, enrollment, and baseline characteristics 

Trial re cruit ment be gan in Oc to ber 2015 and con tin ued through 
Jan u ary 2019 across two sites. Dur ing this time 343 pa tients were as - 
sessed for el i gi bil ity, of which 50 were con sented and ran dom ized. 
The ma jor ity of those screened did not meet el i gi bil ity cri te ria 
(n  =  260), with the most not hav ing ac tive dis ease (n  =  87), fol - 
lowed by ex clu sion due to a re cent mod i fi ca tion in their med ica tion 
or were re cently ac tively tak ing anti - TNF - alpha ther apy (n = 34), or 
due to car diac dis ease (n  =  33) ( Fig. 3 ). Only 8% (n  =  28) de clined 
to par tic i pate. One ran dom ized pa tient was sub se quently de ter mined 
not to have ac tive dis ease, and never be gan treat ment. Two - thirds of 
pa tients were re cruited at OS UMC and 57% (n  =  28) iden ti fied them - 
selves as White non - Hispanic race and eth nic ity; 61% (n  =  30) were 
fe male. Pa tients were on av er age 54 (sd: 10.0) years of age and more 
than two - thirds were over weight or obese ( Table 1 ). Nine (18%) pa - 
tients were for mer smok ers. 

3 . Discussion 

The over ar ch ing goal of this pi lot ran dom ized trial is to eval u ate 
the fea si bil ity, safety, tol er a bil ity, and pre lim i nary ef fi cacy of treat - 
ment with nico tine ver sus placebo for the treat ment of pul monary sar - 
coido sis. Cur rent ther a pies for ac tive pul monary sar coido sis, re main 
ei ther ex pen sive and of ten with nu mer ous side - effects, as with novel 
in dus try de vel oped ther a pies, or with re duced qual ity of life, as with 
cor ti cos teroids [ 3 , 16 ]. Nico tine ther apy pro vides promise as a safe, 
avail able, and cost - effective in ter ven tion strat egy, which we ex pect to 
be ac cept able to pa tients. 

At higher con cen tra tions (μM), nico tine sup presses anti gen - 
mediated TNFα pro duc tion, in duces reg u la tory T cells, sup presses Th1 
type im mune re sponses, par tic u larly in the lung, and is there fore ex - 
pected to sup press Th1 - dependent gran u loma for ma tion [ 7 – 10 , 37 , 38 ]. 
More over, cig a rette smok ers and smoke less to bacco users have ap - 
prox i mately a 2 - fold re duc tion in risk of de vel op ing sar coido sis [ 4 – 6 ]. 
Trans der mal nico tine patch de liv ery sys tems are de signed to at tain in 
vivo drug lev els ap prox i mat ing that of reg u lar cig a rette smok ers, 
which is in the 10 – 40  nM range [ 39 , 40 ]. Nico tine in this con cen tra - 
tion, when achieved in an i mals, is shown to sup press T - cell me di ated 
im mune re sponses [ 41 ]. The 21  mg/ day nico tine patch achieves drug 
lev els within this range in hu mans and is shown to be well tol er ated 
in terms of se ri ous ad verse events in large clin i cal stud ies [ 39 , 40 , 42 ]. 
Fur ther more, the trans der mal nico tine de liv ery ap proach re duces the 
risk of de vel op ing de pen dency by pro vid ing steady nico tine lev els in 
vivo [ 43 ]. To the ex tent that nico tine lev els at tained in smok ers pre - 
vents the de vel op ment and pro gres sion of sar coido sis, the 21  mg/ day 
trans der mal nico tine dose achieves our goal of at tain ing a bi o log i cally 
rel e vant dose of nico tine that will be well - tolerated in most sub jects. 

While our trial will pro vide ini tial ob jec tive and pa tient re ported 
out come data about the ef fi cacy and ac cept abil ity of nico tine ther apy, 
it will also pro vide the op por tu nity to ex plore as so ci a tions be tween 
nico tine blood lev els and ob jec tive and pa tient re ported re sponses. 

Taken to gether these data will move fur ther safe and ef fec tive ther a - 
pies for an un der - studied rare dis ease. 
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