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Abstract

Introduction: Standard treatments (STs) for smoking cessation typically combine pharmacother-
apy and behavioral support but do not address the sensory and behavioral aspects of smoking
which may play a role in maintaining smoking behavior. Replacing such sensations temporar-
ily after cessation may enhance treatment efficacy. We hypothesized that denicotinized cigarettes
{DNCs), which have a very low nicotine content but provide these sensory and behavioral stimuli,
could help alleviate urges to smoke and tobacco withdrawal symptoms and in turn enhance the
efficacy of ST.

Methods: Two hundred smokers seeking treatment received nine weekly behavioral support ses-
sions and pharmacotherapy (100 used varenicline, 100 used nicotine replacement therapy). They
were randomized on the target quit day to receive 280 DNCs (used ad libitum over 2 weeks in addi-
tion to ST} or ST alone.

Results: Urge-to-smoke frequency (2,61 vs, 2.96, P = .03) but not strength (2,85 vs. 3.10, P=.20) in
the first week of abstinence was significantly lower in DNC users versus ST alone. There were no
differences in composite withdrawal scores betwsen groups. Abstinence was significantly highar
among DNC users versus ST alone at 1{OR = 2.07; 96% CI: 1.63% to 3.70%] and 4 weeks (OR = 1.83;
96% CI: 1.05% to 3.21%), but not at 12 weeks (OR = 1.42; 95% CI: 0.79% to 2.55%}. DNC use was
a significant predictor of abstinence at 1 and 4 weeks (OR = 2.63; 95% Cl: 1.40% to 4.93% and
OR = 2.38; 95% Cl: 1.26% to 4.46%], but not at 12 weeks,

Conclusions: Adding DNCs to ST has the potential to assist smokers early in their quit attempt, but
research is needed to determine how best to utilize DNCs in treatment.

Introduction

Current smoking cessatson treatmeents typically combine phammaco-
therapy (ncotine replacement therapy INRT], varenichine, or bupro-
pion} ané multsession hehavioral suppoet. This is recommended

of the patients starring trearment achieve abstinence ar 4 weeks, and
in general fewer chan 20% achieve long-term success.’

While there s no doubt char people become dependent on tobaceo
and find it difficulr ro ssop smoking, peimarily becanse of nicoring and

in various smoking cessation guidelines.” Alchough this rearment
package substanrially increases the chance of loag-rerm success,
there remains considerable scope for improvensent. Only abowt half

its acrions on the mesolimbic dopamine svsrem,’ there are other Bactars
that conmibure 1o robacco dependence.” Sensory and bebavioral cues
leg, the sensory effects of smoke in the mouth and throat and the acton

@ The Author 200% Pubkshed bry Ouford Uriversity Press oo hebalf of the Saciety for Research on Micotice and Tebacce. All rights reserved. 134

For pormissions, please e-mait journas permiss ansdoup.com.



Nicotine & Tobacco Research, 2016, Vol. 18, No. 5

n3s

of puffing on a agarette) appear o provide additional reinforcement
of smoking behavior™ Other pharmacologically active wgredients m
wbacca smoke. such as moavamine vxadase inhibitors and acetalde-
hyde, may also accentuate the rewarding effects of nicotine.”™*

Denicoginized cigarertes (DNCs) have a very low nicotine con-
rent {machine yield of 0,08 vs, 0.8 mg in most convenrional ciga-
rertes™) which has negligible or no central effecrs,” They provide
many of the sensory-motor ssimuli associared with smoking and
can thus replace the behavioral and sensory aspects of smoking,
which many smokers say they miss when they stop, without sup-
plymg nicotine. By divorcing the patring of belavioral and scnsory
components of smoking with rapsd meotine delivery which makes
them rewarding, it may be possible to disrupe the reinforcing prop-
erties of smoking and assist m smoking cessatson. Such a process
can be further enhanced if withdrawal symptoms are managed with
appropriate medications.

There is evidence to support such assertions. DNCs have been
shown to be sarsfying over the initial few days of abstinence from smok-
ing A" They were also shown to reduce robaceo withdrawal symp-
toms, including urges to smoke and Jow mood 'Y Three small studses
have investigated the effecs of DNCs combined with NRT prior to the
quir day, on share-term oatcame,™ = One sudy reported signibcandy
higher abstinence at 4 weeks in those using DNCs with the nicotine
parch versus cootrols (32.8% vs, 21.9%, F < .03),"¢ though the ather
mials faled ro find an eftect ar cither 4 weeks'™ or 3and § monthe." Ina
mial thar randomized smokers to receive either standard quitline rrear
ment plus a & week supply of DNCs, or standard trearmens (ST aloae,
use of DNCs was associated with significanty higher 6-manth consinu-
ous abstinence cares (23% vs, 15%, RR = 1,50, P < ,001)."

Despite these encouraging resules, the progress in explonng the
role of DNGs in smoeking acssation has boen slow, This may be due
10 the reluctance ro urilize a robhacco product that remains harm-
ful 1o health, However, using DNCs for a short-time period, if this
would assist smoking cessation in lifenme habitual smokers, should
pose minimal health risk.

W wanted to explore the efficacy and the mechanism of action of
DNGs when combined with a standard NHS Stop Smokmg Service
{NHS SSS) grogeam. Our hypothess was that complementing current
NHS 85§ treatments with DNCs, 1o address the nonpicotme factors
associated with smoking, and to belp extinguish snoking behavios,
would result in Jower urges to smoke than ST alone. We were also
mterested to see tf DNCs could improve shoes-term cessation out-
comes and if the etfects of DNCs were different in patients using NRT
versus thuse using varerichne, Our primary olgective was to compare
urges to smeke m the first week of abstinence between partiapants
who recave DNCs alongside ssandard NHS 855 trearment (DNCeS 1)
with those who recerve standard NHS 858 trearment (ST) alane.
Secandary objectives were to (1) pare severity of tah with
drawal symproms between the DNC4ST and ST groups; (2] compare
continuous validated abstmence at weeks 1, 4, 6, and 12 post-target
quit day (TQD) hetween the DNCWST and ST groups; (3} compare
standard NHS 858 smoking cessation outcomes (continuons validared
abstinence from weeks 2 1o 4 pass TQD} berween the DNCST and
ST groups: and (4] examine hascline predicrors of absrinence,

Methods
Study Design

Participants attended nine weekly sessions (two prior to the 1QD, one
an the TQD, and six pass- TQD) and were follawed up ar 3 months

pos-1QD. They were randomized [1:1 within pharmavotherapy
groupl on thar TQD to cither the mterventon group, where they
recetved standard NHS 5SS treatment and a 2-week supply of DNCs
{DNCST), or the contred greup (ST), Parnapants were recruited
unril 100 partients were randomized wha opted for NRT and 100 who
selected warenicline. Thus, the study employed a 2 ipharmacotherapy:
NRT vs. varenicline} x 2 (DNC: ves vs. nol berween subjects design,

Participants

Two hundred smokers soeking treatment were recrasted from 2
stop-smoking chnic in Lorden, United Kmgdom, and through
advertsements in local newspapers from July 2017 to March 2012,
Participants were able to choose NRT ar varenicline for use as their
stop-smaking medication. Participants were eligible if they were over
18 years of age, were not pregnant or breastfeeding, and had ro
acute psychiatre dlness.

Procedures

Parricipanes arrended rreatment sessions ar baseline {2 weeks pre
TQD), | week befare the TQD, on the TQD, and then weekly for
4 weeks |weeks 14 posr-TQD, as per normal NHS S5S wrearment,
Participanss atrended two additional study sessions ar weeks 5 and
6 pose-TQD, and a follow-up vist ar 12 weeks poss-TQD. Srudy
enralment, treatment sessions, and randomization were conducred
by cxperienced research health psvchologists, Written informed con-
sent was collected ar the baseline session, Paropants were asked 1o
smoke ad fifspon untl their TQD, As per NHS 585 practice, at the
baseline session, parnicipants were offered a range of NRTs (parch,
gum, inhalator, lozenge, mini lozenge, microtabs, nasal spray, and
mouth spray, including combination NRT}, or vasenicline, to use for
up to 12 weeks on prescoption. Medicanon chosoe was patent-doven,
Thuse cheosing to wse vareniclme were instructed o start taking their
medication T week prior to the TQD, and those choosing NR'T o the
TQD, as per standard peactice. Prescriptions for NRT and varenicline
were provided fortughtly, Pasticipants were randomized on the TQD
and were sequentially allocated {via a concealed envelope! to recave
cther DNCST or 51, using 2 computer-generated randomization
list generated by a researcher independent to the study. Within each
medication group (NRT or varenicline), 50 people were randomly
allocated to either DNCaST or ST. Participants and seudy staff were
not blinded to all Those randomized to DNCST
were wven 140 DNCs and instrucred to use these ad libitum. Six
participanes smoked 40 cigarertes per day ar baseline and as such
were provided with 280 DNCs. If required, participants were able
o request more DNCs the tollowing, week. DNCs were used for 2
weeks passTQD and any remaining DNCs were retumed.

All participanes were conracred at 12 weeks post TQD, and those
who selt reporred abstinence were invited ro arrend the clinic for ver
ibcatian (end-expired carbon menoxide |CO| reading of <10 ppm).
Participants received £10 per visit for rransport costs associared with
the three visits additional to standard NHS 858 weatment {weeks 3,
6,and 12 past-TQD).

Frhical appraval for the study was abrained from the Faglish
NHS Nartional Research Ethics Service Commitree (approval refer-
ence: 11/HOT11/2),

Denicotinized Cigarettes

We purchased XODUS brand DNCs manafacrared by 22nd Century
Group Inc (Clarence, NY ). These DNCs contam about 1 my mseotine
per gram of filler, which s about $5% lower than mose US cigarerte
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brands. The machine vields of mcotine umber 150 smoking comnde-
izt e approsoately WO mg mootmeicigarete (M. Moyachan,
2ind Century Groop Ine, persanal communication, August 31,
2010, At this level, systemic absorption of nicotine and the central
effects are negligible,™

Measures

The primary (urges w snioke in the frst week of absonence) and
secondary outcomes (severtty of withdrawal symptoms m the Arst
week of abstmence) were measured with the Mood and Physical
Symptoms Seale ! This was adomamistered weekly to capture the fre-
quency (G-point scale from 1 [not at all] oe & |all of che tme)| and
strengrh |1 [ne urges| o & [extremely strong|l of urges to smoke
ower the previous week: and the ocourrence af withdrawal symp
rams [depression, irntabilicy, restlessness, poor comcentration, hun
ger, sleep disturbance] on a S-poinr scale (from 1 [oor ar all] o §
|exrremely ).

Secondary outcomes included cnmparisen of conrinnnns absri-
nence ar weeks 1, 4, &, and 12 post-TOQD {nar a single putt, and
CO validared ar weeks 4-12} and comparison of srandard NHS
555 smoking cessation ourcames (nor 4 single puff from wecks
24 post-TOD, CO validared] berween DNCHST and 5T groups:
chanpes in composite withdrawal from baseline ro 4 weeks posr-
Ty medicarion adherence; TMC user rarings; and kaseline pre-
dicrors of abstinence, CO readings were collected weckly using
a Bedfont CO monies to verify abstinence, Excluding the firsy 2
weeks post-TOD when pacticipants were usang DNCs, 4 reading
af less than 10 ppm was wsed to venfy self-reporeed abstinence.
Smoking starus (“Have vou smoked any nosmal cigarcies sinee
vour last visitfr " was recorded at cach visit: responses were “no,
net a single pufl™; “yes, Just a fow pofis®; “yves, berween 1 and 3
clparetbes "3 or “pes, more than § cigarettes.” Farticipants i the
DMCST grovp were alse asked: “how many Xodos cigareeres per
day have you smoked over the pass week?” to rate the usefulness
of DMCs in helping them to stop smoking, how Lkely they would
be to buy them and how likely they would be to recommend them
to others (rated from 1 = not at all o 4 = very much so; adapted
from previoos work®) and o report any adverse events. For
assessment of haseline predictors of abstinence, a baseline ques-
rinnnaire was completed prior e quirting, which included demas
graphic details, health sacos, smoking history, and che Fagerstrim
Test bor Micorine Dependence [FTRI

Sample Size

The primary outcome cencernaed urpes o smoke in the first week
of absrineince, measured wsing the Mood and Physical Symproms
Scabe, The Mood and Physical Symproms Scale s a ranog scale
semsitive oo tobacco withdrawal and w both plarmacological™
and behavioral™ rearment effecrs. Effective trearments rypically
gencrale a difference in ratings over the Gest woek of abstiense
af at least 0.7 comparcd to control procedures, for example, 1.8
{510 = 1) compared to 2.5 (51 = 1], As, in this case, the advantage
of the combination aver the first week of ahstinence may he sahde
and even a difference of 0.7 wanld be worth derecring, 59 parrici
pants would be nesded in each treatment groap (F < 08, swo-tailed
rest, power = {L80). T accounr for partici pane arrrition berweesn
the TOD and 1 wesk past-TODY, estimared ar 30%., a sample of
200 parricipants was required, We included an equal nomber of
people using KRBT and varenicling ro examine differences berween
DHCST and 5T by medicaten type.

Dats Analysis

Ditterences berween the smady arms were assessed by analysis of
variance For continueos variables and chi-square for categorical
variables, We alss ested phanmacetherapy {varenicline vs. WRT)
s provp (DNCHT ve 5T) mteractons, The relanonship between
prequat variables and postguit endpoints was assessed using regres-
ston modelmg: umvariate amalvses were wed o adennfy baselise
variables which differed significantly between abstainers and non-
abstainers at 1, 4, and 12 weeks post-TOQIL These varinbles were
then entered intn a logistic regression model. Differences in urges o
smoke at | wesk pose-TOQD were campared using ane-way analysis
of variance, Changes in wirthdrawal symprom rarings from TOI o
| week post-TOM and from haseline to 4 weeks postTO0, were
aasemeed] nsing, repeared measures analvsis af variance. Analvses of
withdrawal symproms and urges 1o smoke were conducred caly o
those parricipants who had absrained from smeking. Al rests were
rwo-tailed, bean DNC wse in the frse and second week is reporred,
along witl the frequency of partcipants ratng DNCs as useful, and
likelibesd of buving and recommending DNCs 1o orthers.

The primary cessation catcome was defined as the standarsd WHS
555 oupcsnres, that s, contmuous CO-validated alstnence fooan
wieks 2 o 2 poss-TOD This s the standard outeonse wsed vo mons-
itor short-term outcomes of the MHS 535% in England, Contimucus
abstinence From regular cigarettes (not 2 smgle puff) was wsed 1o
mweasure smoking cossation cutcomes at woeeks 1, 4, 6, and 12 post-
T, Those who were Jost o folbew-up at any stape wers consad-
eredl to be smuoking,.

Wie also repore on secondary cessation outosmes pertamming b
the differsnce berween urges to smoke and 4-week continuows abss-
nence rates from the time when participans were not allowsd o
smoke either regular cogarettes or DRCs We dtherefore compared
urges o smoke at 1 oweek pose-TOQD for the 5T group wersas 3
weeks post- TOIY for the DMOCWST groop: and abstirence rates ar 4
weeks post-TOU For the 5T growp versus & wesks pose-TUD for the
IWENT gronap.

Results

Sample Characteristics

A roral of 200 volunreers were eorolled and randomized, Figure 1
shows the How of pamicipants throngh the orial, Table 1 shows
the baseline charscreristics of the parnicipants and their chosee of
stop-smoking medication, There were no spaificant differences
berween the rwe study arms, excepr thar significantly more par-
vicipanes in the DMCAST group chose o use nicetine mouth spray.
There were alsos ne significant differences in baseline character-
istacs bevween particpants choosing varcnicline vessus NRET (see

Table X).

Effect of DMCs on Urges to Smoke and Withdrawal
Symptoms
Mean ratings of urges o smoke in the fisst week of alstinence are
sl m Talde 30 Inthe total sample, DMCST and 8T daffered
signifcantly m freguency of urges to smaoke (2061 m DNCSST ve
2005 in 5T, P = 03] bue nor their strengeh (285 DNCET ve, 310
518 = 200 Within the KET and varemicline groups, the obsereed
differences in frequency of urges to smoke were similar, bur mat sta-
ristically significant.

There was na difference in the first wesk of abssinsnce in
change frem baseline of composine withdravwal symprom rarings
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brands. The mackine yields of nxconne under 150 smoking conei-
vons are approxamately OLOESmg meotinedeigarette |M. Moynthan,
22nd Century Group Ing, persanal communication, August 31,
2010). At chis level, systemic absorption of nwcotine and the ceneral
effects are negligible.™

Measures

The primary (urges to smoke in the st week of abstmence) and
secondary outcomes (severtty of withdrawal symptoms m the first
week of absanence) were measured with the Moad and Physical
Sympeoms Scale Thas was administered weekly to capture the fre-
quency (6-point scake from 1 [not at all] to & [all of the nme)} and
strengeh |1 [no urges| to & |extremely strong]) of urges to smoke
over the previous week; and the occurrence of withdrawal symp
rams (depression, irrtabiliry, restlessness, poor concentrarion, hun-
ger, sleep disturbance) on 2 S-point scale (from | [nor ar all] ro §
|exrremedy|).

Secondary ourcomes included comparison of continuous absri-
nence ar weeks 1, 4, 6, and 12 post-TQD (nar a single puff, and
CO validated ar weeks 4-12] and comparison of standard NHS
5SS smoking cessarion ourcomes (nor a single puff from wecks
2-4 post-TQD, CO validared! berween DNC4ST and ST groupss
changes in composite withdrawal from baseline to 4 weeks post-
TQD; medicanion adherence; DNC user ranngs; and baseline pre-
dictors of abstinence, CO readings were collecred weekly using
a Badfont CO monitor 1o verify absunence, Excluding the firss 2
weeks post-TQD when participants were using DNCs, a reading
of less than 10 ppm was wsed to venly self-reported abstinence.
Smoking statws (“Have vou smoked any normal cgarctss since
your Tast visit? "] was recorded at cach visitz responses were “no,
not a single puff®; “yos, just a fow poffs”; “yes, between 1 and §
agarcttes™; or “yes, more than § cigarettes.” Partxipants i the
DNCaST group were also asked: “how many Xadus cigaretees per
day have you smoked over the pase week?,” to rate the usefulness
of DNCs in helping them to stop smoking, how likely they would
be to buy them and how likely they would be to recommend them
ta athers (rated from 1 « not at all to 4 « very much so; adapted
from previous work®) and to report any adverse evenss. For
assessment of baseline predictors of abstinence, a baseline ques-
ronnaire was completed prior to quirting, which included demo-
graphic details. health starus, smoking history. and the Fagerstrom
Test for Nicotine Dependence [FTND)!

Sample Size

The primary autcome concerned wiges to smaoke in the Arst week
of abstinence, measured using the Mood and Physical Symproms
Scake, The Mood and Physical Symproms Scale s a canog scale
sensitive o tobacco withdrawal and to both pharmacological®
and behavioral™ wearment cffects. Effective teamments typically
generate a differcnce in ratings over the st week of abstnence
of at least 0.7 comparced to control procedures, for example, 1.8
(SD = 1) compared to 2.5 (5D = 1]. As, in this case. the advantage
of the combination aver the first week of ahstinence may be subde
and even a difference of 0.5 would he worth derecring, 69 parrici-
pants would be needed in each trearment group (P < .08, swa-tailed
test, pawer = {.90). To accounr for participant arrririon berween
the TQD and | week past-TQD, estimared ar 30%., a sample of
200 parricipants was required, We included an equal number of
people using NRT and varenicline w examine differences berween
DNC+ST and ST by medicatnon type.

Data Analysis

Ditterences berween the study arms were assessed by analysis of
variance for continuous variables and chi-square for categorical
variables, We also wsted phatmacotherapy (varcnscline vs. NRT)
® group (DNC+ST vs. ST) mteracuons. The relatonship between
prequat variables and postquit endpoints was assessed using regres-
sion modeling: umivariate analyses were wsed to identify baseline
variables which differed significantly between abstamers and non-
abstairers at 1, 4, and 12 weeks post-TQD. These variabls were
then enrered into a logistic regression madel. Differences in urges to
smoke ar | wesk pose-TQD were campared using one-way analysis
of variance, Changes in withdrawal symprom rarings from TQD 1o
1 week post-TQD, and from bascline to 4 weeks post-TQD, were
assessed using repeared measures analysis of variance. Analyses of
withdrawal symproms and urges 10 smoke were conducred oaly on
thase participants who had absrained from smoking. All rests were
rwo-tailed, Mean DNC use in the first and second week is reported,
along with the frequency of participants rating DNGs as useful, and
likelihood of buying and recommending DNCs 1o others.

The pomary cessation oatcome was defined as the standard NHS
§5S outcomes, that s, contimuous CO-validated absunence from
woeeks 2 1o 2 pose-TQD This s the standard outeome used to mon-
itor short-term outcomes of the NHS 858 i England. Contnuous
abstinence from regular cigarettes (not a single puff) was used to
measure smoking cessation outcomes at weeks 1, 4, 6, and 12 post-
TQD. Those who were Just to follow-up at any stage were consad-
ered to be smoking.

We also report on secondary cessation outcomes pertaming to
the difference between urges to smoke and 4-week connmuous abss-
nence rates from the time when participants were not allowed to
smoke either regular agarettes or DNCs, We therefore compared
urges to smoke ar 1 week post-TQD for the ST group versus 3
weeks pose-TQD for the DNCAST group: and abstinence rates ar 4
weeks post-TQD tor the ST group versus & weeks post-TQD for the
DNCAST group.

Results

Sample Characteristics

A roral of 200 volunreers were enrolled and randomized, Figure 1
shows the Pow of parricipants through the wial, Table 1 shows
the baseline charactedistics of the participants and their chosee of
stop-smoking medication, There were a0 ssgnificant differences
berween the two study arms, exceprt thar signiticantly more par-
ncipants in the DNC+ST group chose to use nicotine mouth spray.
There were also ne significant differences in bascline character-
sstics between participants choosing varenicline versus NRT (soc
Table 2).

Effect of DNCs on Urges to Smoke and Withdrawal
Symptoms
Mean ratings of urges to smoke i the first week of alsuncoce are
shown m Table 3. In the wel sample, DNCST and ST daffered
significantly m frequency of urges to smoke (2,61 i1 DNCSST vs.
2.9 i ST, PP « .03} bur not their strengeh (2.85 DNCST vs. 310
ST, P < .20), Within the NRT and varenicline groups, the observed
differences m frequency of urges to smoke were similar, bue pot sta-
nistically significant.

There was no difference in the first week of ahstinence in
change from bascline of composite withdrawal symprom rarings
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bramds. The machine yields of nicosine vmdber 150 smoking conde-
s ane approsomatcly 0088 mg nwotmeicgarcee |M. Movadan,
2ind Century Groop Ine, personal communication, August 31,
20100, At chis level, systemic absorprion of nicotine and the ceneral
effects are negligi ke

Measuras

The prinsry (urges o smoke in the Gest week of abstmence) and
secondary putcomes (severtty of withdrawal sympeoms m the Aret
week of absemence] were measured with the Mood and Physical
Symptoms Scale®! This was adminiseered weekly to caprure the fre-
quency (G-point scale from 1 [not at all] to & [2ll of che time)] and
strengeh |1 [ne urges| o & [extremely strong|) of arges to smoke
ower the previows week; and the ocourrence af withdrawal symp
rams (depression, irmrabilicy, restlessness, poor concencration, hun
ger, sleep distarbance] on a 5-poinr scale (from 1 [nor ar all] .o 3
|exrremady ).

Secondary ourcomes included cnmparisen of conrinnoos absric
nence ar weeks 1, 4, &, and 12 past-TOQD {nar a single putf, and
CO validared ar weeks 4-12} and camparison of standard NHS
555 smoking cessarion ourcomes (nor 4 single puff from weeks
24 posr-TOD, CO validared ) berween DNC+ST and 5T groups:
charpes in composite withdrawal from baseline o 4 weeks posr-
T medication adherence; DNC wser carings; and baseline pre-
dicrors of abstinence, C0 readings were collecred weekly using
a Bedfont CO monieer o verify absinence, Excluding the firsg 2
weeks post-TOQD when pacticipants swere using DNCs, a reading
af less than 10 ppm was wied to venily self-reported abstinence.
Smoking stats (*Have vou smoked any nofmal cigarcones since
vour last wisintF"} was recorded at cach visie cesponses were “no,
not 2 single pull™; “yes, just 2 few pufis®; “yes, berween 1 and 3
caparethes "y or “yes, more than 5 cigarettes.” Parteipants i the
DMCST group were also asked: “how many Xodus cigaretees per
day have you smoked over the pase week?,” m rate the usefulness
of DECs i helping them to stop smoking, how Lkely they would
be to buy them and how likely they would be to recommend them
to others {rated from 1 = not at all to 4 < very much so; adapted
from previous work®) and to report any adwerse evens. For
assessment of baseline predictors of ahstinence, a baseline ques-
rinnnaire was completsd prior mo quirting, which included demas
graphic d=tails, health starus, smoking history, and the Fagerstriim
Test boor Micorine Dependence [FTRID

Sample Size

The primary aurcome cencerned wiges to smoke in the st week
af absrinence, measured wsing the Mood and Physical Symproms
Seake, The Mood and Physical Symproms Scale s a ranng scale
semsitive o tobacco withdrawal and o berh pharmacological®
and behavioral™ wearment effects. Effective treamments typically
generate a differcnce in matings over the fest week of absanenee
af at least 0.7 compared 1o control procedures, for example, 1.8
{51 = 1) compared to 2.5 |50 = 1]. As, in this case, the advantage
af the combination aver the first wesk of ahstinence may he subde
and even a difference of 0.5 would be worth derecring, 69 parrici
pants would be nesded in each treatment groop (P < 05, swao-tailed
test, power = (L300 To accoune For participane arrririon herwesn
the TOD and 1 wesk pose-TOD, estimared ar 1%, a sample of
200 parricipants was pequired, We included an equal number of
people using WRT and varenicline o examine differences beoween
DMHCST and 5T by medication pype.

Cata Analysis

Dittergnces berween the smdy arms were assessed by analysis of
variance bor continueus vanables and chi-square for categorical
variables, W also wsed pharmacotherapy (varenicline vs. WRT)
# prowp (DMNCLST ve ST ameracnons, The relavonshap bevween
prequit variables and postquie endpoints was assessed using regres-
sion modeling: univariate analvses were wed woidennfy basehise
variables which differed significantly hetween abstainers and non-
abstainers ot 1, 4, and 12 weeks pose-TOIL These varinhbs were
then entered intn a logistic regression model. Differences in urges o
smnke ar | wezk pose-TOD were campared using ane-way analysis
of variance, Changes in withdrawal symprom rarings from TOD o
| week post-TOM and from hassline ro 4 weeks post-TODY, were
aasessed] nsing repeared measares analvsis af variance. A nalvses nf
vaithdrawal symproms and urpes 1o smaeke were conducred ealy on
those parnicipants who had absmained from smoking. All rests were
rwo-tailed. bean DNC wse in the frer and secomd woek is repored,
along witl the frequency of pacticipants ranng DINCs as useiul, aed
likeclitwod aof biaying and recommending DNCs re others.

The pramary cessatien cutcome was defined as the standard WHS
555 oupceanses, that w, contimuous CO-validated alstnence fraa
weeks 2 oo 4 pose-TO0 This s the standard outecnse uwsed v mo-
atoor short-term outcomes of the 5HS 555 i England. Contmouocous
abstinence from regular cigarettes (not 2 single puff] was used o
mscasure smoking cessation catcomes at weeks 1, 4, 6, and 12 posi-
TR0 Those who were Jost to follsw-up at any stape were consad-
erexd to be smuoking.

W alsr repore on secondary cossation outoomes pertaining s
the differsnce berween urges to smoke and #-week continuous abss-
nence raes from the time when participants were not allowsd o
smoke either regular crgarettes or DRNCs, We therefore compared
urges o smoke ar 1 week post-TOQD for the 5T grooup versas 3
weeks post TOID for the DMNCWST growpy and abstinence rates a4
weeks post-TOL? for the 5T group versus 6 weeks poses T for the
DINCHST group.

Results

Sample Characteristics

A roral of 200 volunreers were enrolled and randomized, Figure 1
shows the Fow of pamicipanes throogh the ial, Table 1 shows
the baseline charscreristics of the participants and their choies of
stop-smioking medication, There were no sipnificant differences
berween the rwe study arms, excepr thar significantly more par-
ricipants in the DNC+ST group chose to use nicetine mouth spray.
There were alse ne significant differences in bascline characier-
stics bevween participants choosing varcicline versus NRT (soc

Table ).

Effect of OMCs an Urges to Smoke and Withdrawal
Symptoms
Mean ratings of urges o smoke in the first week of alsinence are
alwrwen m Tabde 3. In the wtal sample, DNCHST and 5T daffered
sigmibcantly m freguency of urges to smaoke (261 m DRCSST v
2.0 in ST, P = .03} bur not their strengeh (285 DNCET v 310
51 ¢ = 200 Within the WET amd varemicline groups, the observed
differences in frequency of urges to smoke were similar, bug mot sta-
risrically significanr.

There was no ditference in the first wesk of ahssinence in
change from baseline of compaosine withdrawal symprom rarings
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brands. The mackine yields of nwonne under 150 smoking cond:-
tons are approxumately L0888 mpg ncotmedcgarette |M. Moynthan,
2ind Century Group e, personal communication, August 31,
2010), At chis level, systemic absorption of nxcotine and the ceneral
effecrs are negligible.”

Measures

The primary (urges to smoke in the first week of abstinence) and
secondary outcomes (seventy of withdrawal symptoms mn the first
week of abstmence) were measured with the Mood and Physical
Sympeoms Scale ™! This was admimstered weekly to Gapture the fre-
quency (6-point scale from 1 [pot at all] to 6 |all of che time}} and
strengeh || [no urges| o & [extremely strong]) of urges to smoke
aver the previous week; and the occurrence of wirthdrawal symp
tams (depression, irntabilicy, restlessness, peor concentrarion, hun-
ger, sleep disturbance) on a S-point scale (from | [oor ar all] 1o §
Jextremedy|).

Secondary ourcomes included comparison of continunus absri-
nence ar weeks 1,4, €, ané 12 post-TQD [nar a single putf, and
CO validared ar weeks 4-12} and comparison of standard NHS
SSS smoking cessarion ourcomes (not a single puff from weeks
24 post-TQD, CO validared! berween DNC#ST and ST groups:
changes in composite withdérawal from baseline te 4 weeks posr-
TQD; medicarion adherence; DNC user ratings; and bascline pre-
dictors of abstinence, CO readings were collecred weekly using
a Bedfont CO monttor 1o verify abstinence, Excluding the firsr 2
weeks post-TQD when participants were using DNCs, a reading
of less than 10 ppm was vsed to venfy self-reported abstinence.
Smoking status (“Have vou smoked any normal cigaretees sinee
vour last visit?"] was recorded at cach visit: responses were “no,
not a single puff®; “yes, just & fow poffs”; “yes, between 1 and §
aparcttes”; or “yes, more than § cigarettes.” Partcipants i the
DNCST group were also asked: “how many Xodus cigaretres per
day have you smoked over the past week?,” to rate the usefulness
of DNCs in helping them to stop smoking, how likely they would
be to buy them and how likely they would be to recommend them
to athers (rared from 1 « not at all to 4 « very much so; adapted
from previous work®) and to report any adverse evenw. For
assessment of baseline predictors of abstinence, a baseline ques-
nonnaire was completed prior zo quirting, which included demeo-
graphic details. health status, smoking history, and the Fagerstrim
Test tor Nicotine Dependence [FTNDIL™

Sample Size

The primary ourcome concerned urges 1o smoke in the Arsr week
of absrinence, measured using the Mood and Physical Symproms
Scake. The Mood and Physical Symproms Scale s a ranog scale
sensitive o tobacco withdrawal and o both pharmacologcal™
and behavioral®™ rearment effects. Effective treamments typically
generate o difference in ratings over the st week of abstoence
of at least 0.7 compared to control procedures, for example, 1.8
{SD = 1) compared to 2.5 (SD « 1). As, in this case, the advantage
of the combination aver the first week of ahstinence may be subte
and even a difference of 0.5 would be worth detecting, 69 partici
pants would be needed in each treatment group (F < .05, swo-tailed
rest, pawer = (L.90). To account for participant arrrition berween
the TQD and | week post-TQD, estimared ar 30%, a sample of
200 parricipants was vequired, We included an equal number of
people using NRT and varenicline o examine differences berween
DNCST and ST by medication type.

Data Analysis

Ditterences berween the study arms were assessed by analysis ot
variance for continuous variables and chi-sguare for categorical
variables, We also wsted pharmacotherapy (varcaxchne vs. NRT)
* proup [DNCST ve ST) interacuons, The refanonship between
prequit variables and postguit endpomts was assessed using regres-
sion modelmg: unvariate analyees were wsed o idennfy bascline
vartables which differed sigmficantdy between abstamers and non-
abstainers ar 1, 4, and 12 weeks post-TQD. These variables were
then enrered into a logistic regressson madel. Differences in urges o
smoke ar | week pose- TQD were compared using one way analysis
of variance, Changes in withdrawal symprom ratings from TQD to
1 week post-TQD, and from hascline to 4 weeks post-TQD, were
assessed using repeared measures analysis of variance. Analvses of
withdrawal symproms and urges 10 smoke were conducred only on
those participants who had abstained from smoking. All rests were
two-tatled, Mean DNC vse in the firsg and second week is reporred,
along with the frequency of participants ratng DNGs as useful, and
likclibood of buying and recommending DNCs 1o others.

The prmary cessation outcome was defined as the standard NHS
SSS outcomses, that s, contnmpous CO-validated alstnence from
wieks 2 o 4 pose- TQDA* Thes s the standard outeome used to mon-
itor short-term outcomes of the NHS S5 in England. Contmuous
abstinence from regular cigarettes (not a single puff) was used to
measure smoking cessation outcomes at weeks 1, 4,6, and 12 post-
TQD. Those who were Just to follow-up at any stage were consad-
ered to be smoking,.

We alse repore on secondary cessation outcomes pertaming to
the difference berween urges to smoke and 4-week contnuous abst-
nence rates from the time when participants were not allowed to
smoke either regular agarettes or DNGs, We cherefore compared
urges to smoke ar 1 week post-TQD for the ST groap versus 3
weeks post-TQD for the DNCST group; and abstinence rates ar 4
weeks post-TQD for the §T group versus 6 weeks pose- TQD for the
DINCHST group.

Results

Sample Characteristics

A retal of 200 volunteers were enrolled and randomized, Figure |
shows the Aow of participants throupgh the teial, Table 1 shows
the bascline characteristics of the parricipanis and their chosee of
stop-smoking medication, There were no sipaificant differences
berween the twe study arms, excepr thar significanty more par-
ncipants in the DNC+ST group chose to use nicotine mouth spray.
There were also neo significant differences in bascline ¢haracrer-
stics between participants choosing varcnicline versus NRT (see

Table 2).

Effect of DNCs on Urges to Smoke and Withdrawal
Symptoms
Mean ratings of urges o smoke i the first week of alstnence are
shown m Table 3. In the weal sample. DNCHST and ST daffered
sigmifbcantly in frequency of urges to smoke (2.61 m DNCSST vs.
296 in ST, P = .03} bur not their strengeh (2.85 DNCiST vs. 310
ST, # < .20). Within the NRT and varemicline groups, the observed
differences in frequency of urges to smoke were similar, but pot sta-
risrically significant.

There was no ditference in the first week of ahssinence in
change from baseline of composite withdrawal sympeom rarings
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group were significantly more likely to be abstinent from conven-
tional cigarettes than patch or DNC alone.

DNCs had no significant effect on tobacco withdrawal symp-
toms other than craving. All participants were taking standard
smoking cessation treatments, so any additional effect of DNC use
may have been masked.

We pueposely recruited an equal number of participans on
varenicline and NRT, and randomized to DNC+ST or ST within these
medication groups, to explore if there was any differential effect, We
hypothesized thar varenicline users may be more likely to beneft
from the bebavioral replacement provided by DNCs, as oral NRT
products may already provide a degree of behavioral replacement i
that smokers are instructed to use these products as regularly as they
would smoke cigarettes. The resules, bowever, did not support this
hypothesis.

The main limitation of the study was the relatively small sample
size. To detect smaller effects expected at longer follow-ups, larger
studics are needed. We limited use of DNCs to the first 2 weeks of
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quitting as it is during this time thar smokers trying to quit struggle
most with urges to smoke and withdrawal symptoms. It is possible
that participants who did not return all their DNCs at the end of
the 2 weeks continued using the DNCs. Future studies may wish
1o consider providing DNCs for a longer period of time, and pro-
viding a stronger encouragement for their ongoing use, especially
in crises and lapse situanions, We also did nor collecr dara on par-
nicipants who smoked mentholared cigarettes, and all participants
in the DNC4ST group received nonmentholated DNCs regardiess
of their preference, There are also limits to the generalizability of
our resules, Participants were highly dependent smokers secking
wreatment, and rrearment consisted of intensive behavioral support.
However, our Andings are consistent with those of Walker et al,,"
which examined the use of DNCs in combination with telephone
support and NRT.

It & nor clear bow best to utilize DNCs in tecarment, The most
pragmatic approach may be to offer an ongoing supply of DNCs
to those who want to continue using them, There is unlikely to be
any risk of long-term DNC use as their appeal seems to diminish
quickly as the behavior is not accompanied by pharmacological rein-
forcement. The availability of DNCs may however limit any clini-
cal translation. Although once commercially marketed in the United
States, DNCs are currently distributed for research only.

Electronic cigarettes, which also offer some sensory and behavio-
ral input but without tobacco, may be a safer and more acceptable
behavioral replacement than DNCs. There is already some evidence
to suggest that even without nicotine, these devices can acutely
reduce urges to smoke.*** How these compare to DNCs as a behav-
soral replacement is not known. The close proximity of DNCs to
real smoking, and other properties of tobacco smoke which may in
themselves be reinforcing,* may confer added benehit over clectronic
cigarettes.

The finding thar DNCs reduce the frequency of urges to smoke
suggests that they may have potential as a relapse prevention tool.
Indeed, the most commonly reported aspect that participants most
liked about DNCs was as a replacement for smoking regular ciga-
retres, This effect of using DNCs has also been reported by others,”
The role of DNCs in preventing relapse needs to be examined in an
adequately designed trial.

In conclusion, we found that supplementing standard smoking
cessation treatment with DNCs for 2 weeks, approximarely doubled
the odds of quitting smoking ar 4 weeks, although the effect dimin-
sshed by 12 weeks,

ibutioes to conceprion and design, or acquisitioa of data, or
aralysis and inrerpeetation of data; drafring the article or revsiang it conically
for nporeant intell 1¢ and Bnal appeoval of this version of the
MANUSCHpL.
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